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MATHEMATICAL NOTES ON SOME 
QUESTIONS RELATING TO ORDNANCE. 
By C. W. MERRIFIELD. 

I. Longitudinal and Transverse Strength.—Iit has 
long been know that cylindrical boilers usually split 
by a longitudinal crack, and that their strength in 
this directlon is only half what it is to resist the 
formation of a ring crack. The simplest way of 
seeing why this should be so, is to consider a hollow 
cube with two of its opposite faces removed. The 
tendency to split under internal pressurealong E, F,G, 
is twice as great as along A, B, C, D, because there 
is only half the material to be broken by an equal 
pressure. The same proportions hold in the round 
as in the square, and the same thing is, therefore, 
true for the cylinder with open ends, or, practically, 
for any long cylinder. 





It follows that a gun cannot possibly be made out 
of any homogeneous material, so as to be as strong 
to resist longitudinal cracking, as it is to resist ring 
cranks. ‘The strength of coiled tubes is more nearly 
equalised in this respect. It does not, however, 
follow that coiled tubes are thereby stronger than 
homogeneous ones ; for in these latter the strength 
does not vary abruptly, but passes — continuously 
from a minimum along a line parallel to the axis, to 
a maximum (equal to double the minimum strength) 
along a transverse ring. 

One consequence of this is, that a gun tube loses 
less of its strength by being bored out to a screw of 
low pitch, like a breech-block screw, than by deep 
rifling. 

II. Pressure necessary to give direct Motion to Shot. 
—Assuming the powder pressure to be uniform, 
which gives the lower limit of maximum pressure, 
and neglecting friction, the work done by the 
pressure on the base of the shot is Pas, where P is 
the pressure, a the area of the bore, and s the length 
of the barrel. The energy of the shot, with a given 


velocity, is ae where m is the mass of the shot, or 


wo? 


where w is its weight. Equating the energy 
ond, the work, we obtain, for the uniform pressure in 
the barrel required to give the velocity v at the 
muzzle, 
_m v*_ wy* 
Qas as.2 9 

III. Pressure due to giving Rotation to Shot.—The 
same principles and formula hold, only that for the 
direct velocity of the shot we must substitute the 
mean rotatory velocity of its particles, This may 
be measured by means of the circle co mding to 
its radius of gyration. For a cylindrical shot of radius 


r, the radius of gyration is rt Assuming it to 


make x turns in the length s of the barrel, the mean 
rotatory velocity at the muzzle is to the direct 


velocity as tr n. »/ 2 is to s, and we must change vin | firin 


mv? 


. : Trav/2 
th pent ss 
e@ expreasion — - 


» which gives, 
for the pressure, to produce rotation, 
Rs wr? n* ¢*. m v® 
a s* 





IV. Pressure due to Friction of Grooves.—The 
rifling being supposed to have uniform twist, and 
the coefficient of friction being /“, other things being 
as in Section III., the tangent of the angle which 
the grooving makes with the axis of the shot is 
2ar” ‘The friction due to a pressure p in the 
direction of the axis is therefore 

2rrnxtpa, 

This supposes that there is no destructive abrasion 
between the shot and the grooving. 

The effective pressure is the actual pressure 
diminished by this friction, that is to say, 

pa(s—2rrnP). 

V. Total Pressure due to these Three Causes.—The 
effective pressures required to give the direct and 
rotatory motions, independently of the friction of 
the grooves, so as to produce a muzzle velocity », 


amount to 
a? (: seve or) 
2as s? 
This gives for the total pressure : 
1 42m? n r? 
p—™ ya s? 


2a s-—2% rns 


Observe that this formula involves the following 
assumptions : 

1. Uniform twist of rifling. 

2. Uniform powder pressure 

3. No destructive abrasion between shot and gun. 

It also neglects all friction except that of the rifle 
grooves, 


VI. Ketension, internal and external.—The internal 
radius of a gun tube being r, and the thickness #, 
let the tube be expanded by internal pressure to the 
radius r+e. Then, the volume of metal remaining 
unchanged, the enlargement of the area of the bore 


will be 
@ (2er+e%). 

The altered external sectional area will therefore be 

7 (r+t)? +m (2 er+e?), 
=e the external radius will therefore be stretched 
rom 

(r+) to v{ (r+t)?+(2er+e) 

Supposing the amount of extension to be actually 
oa. as it must be in all ordnance, the ratio of 


€ to _°"_ as we 
4 


(r+#)? 

pass from the inside to the outside of the gun. The 
physical application of this is, that the interior of 
@ gun sho i be of a material which extends more 
within its elastic limits than the exterior, That is 
to say, the place for hard steel is the outside. Ob- 
serve that this does not mean chilling the outside, 
which is quite another matter, 

The lineal compression of iron within the limits of 
elasticity is considerable, as compared with the 
amount of its deformation, under a given pressure. 
The former is, however, much less than the latter ; 
and therefore the conclusion that the place for the 
least extensible material is on the outside, remains 
true, —— the quantitative reasoning, on the 


extension will be altered from 


supposition that the iron does not change its volume, 
is ve 
VIL. Energy of Recoil on Bursting.—Suppose M 


and m to be the masses of the gun (with its carriage) 
and of the shot, V and o their velocities after 

ing. a in - case ri a burst, Boe 
en expended by the powder in producing motion 
in the direction of the axis remains unchan od, and 
let the mass of the , which remains behind, be 
denoted by M’; while the shot and the part blown 
forward, are together m'. Represent the correspond- 


ing velocities by V' and v'. Then we have to find 
the ratio M/ Y‘*: M V*, having given 
MV+mv=0 
M’'V'+m/‘ v'=0 
MW’V’2?+m'v"2=M V2+mv? 
These give at once 
mvs + MA Voy: +MY? 
™m ™ 


or 
M’/V2_m m+M 
MV! m‘m+M! 
If we assume that nothing is projected laterally, 
we also have 
m!+M’=m+M, 
and consequently in this particular case 
M/V?: MV2:: m/: m, 
that is to say, the energy of recoil is simply propor- 
tional to the mass blown forward. 

The assumption that the useful effect of the 
powder in the direction of the axis remains un- 
changed is, of course, a doubtful one, and, in prac- 
tice, can only be taken as a first rough approxima- 
tion, indicating quality rather than quantity in the 
result, Energy must be expended laterally, or the 
gun would not burst at all, and a large amount of 
work must also be expended in overcoming the 
cohesion of the metal, On the other hand, as the 
total energy expended when a gun is burst is usually 
far in excess of that due to the ordinary combustion 
of a service charge, it may be that the energy in the 
direction of the axis is not much diminished. 
However this may be, it is clear that the energy of 
recoil, when any large portion of the gun goes for- 
ward with a high velocity, must be enormously 
greater than the ordinary recoil, ; 

VII. Lffect of an Obstruction near the Muzele.*— 
Let GH be a cylindrical tube, and A and B two 
close-fitting pistons enclosing an air space, the 
initial pressure in which is that outside B. Suppose 
A to move towards B with a constant velocity v, so 


A A’ BB' 





—_—>—-> 








G H 
as to reach the position B in the time T, and let ¢ 
be the time it takes to reach any given position A', 
also let B' be the position to which the second 
iston B reaches when A reaches A', also let 
(Aon while m is the mass of the piston B. 
en 





T v—-AB, tv=A A! 
supposing the sectional area to be a, the original 
volume comprised between A and B was 


V=aTv 
the altered volume between A! and B! is 
Vi=a (T v—tv+z2) 

Before we can go further, it is nece to make 
some supposition as to the relation between the 
pressure and volume of the included air. The 
simplest, and probably the most approximate, is that 
which gives the adiabatic curve, namely, the 
assumption that no heat is gained or lost. This 
gives 

PV” = const.=P' v'7,+ 
or ; 
V'\-—-7 — (Tv—tvt+e\-7 
P \V ~ Q te. 
allowing for the atmospheric pressure in front of 
B, and remembering that P'a is the force acting 
upon its mass m, we have 


* Communicated to me by a friend. 
+ ¥ is the well-known naples 


P= 








constant in thermod 
which expresses the ratio of the ific heat at co: 
pressure to the specific heat at co t volume, 
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d* a Tv—to+e\—-7_4 
Gaq7" {( To ‘) j 
which has to be integrated to give the value of =z. 
It is quite possible to do this generally. In fact, 
writing z=(T—/)0+2, we have 
© tent Oak 8 f (T v)% 277-41 } 
dt? dt? ™m 
multiplying this by a and integrating, we get, 
for a first integral, , 
os 
dz\?_ Pa 2 mee : 
(YB eo a) 
This gives af in terms of z, and the next in- 


2 
tegration may be effected graphically, so as to 
find ¢ in terms of z. Reversing the diagram gives 
z in terms of ¢, and if we read the ordinates from a 
straight line suitably drawn, instead of from one at 
right angles to ¢, we can find » in terms of ¢. 

But if our object is only to consider the nature of 
the motion of B when 2 is large, it is simpler to pro- 
ceed as follows. Since x is small compared with », 
and since the mean value of ¢ is $ T (the limits being 
o and T) we may neglect on the second side of 
the equation, subject only to our being able to 
show that its value, as derived from the integration, 
is really a small quantity. This gives 


ee (Ge) 


de Pa 


= (FF) 7-#¢} 
, at ° a 1—-7y\ T 7 
_Pa T—t\2-7 _ 
eo Lona (F) £t2@+cb+ej }. 
To determine the constants, observe that at the 
beginning of the motion : 
t=0, #@=0, temo, 
making the necessary subtitutions, and also making 
é#=T, that is, supposing A to have moved up to the 
original position of B, this gives : 


=Pa Re telat 2 
m 2(2-7 


Now since » is large, and T 2 is finite and equal 
to AB, T is small, and T* is very small. Subject 
therefore to 7 not being nearly so great as 2, x is 
also very small. Now the value of 7 for air is 
known to be 1.4 nearly, so that 


ext Pon, 


m 
and we find therefore that the equation of motion of B 
is satisfied by avery small value of z. That being so, 
there is a bursting pressure at B. 
Observe that ths effect of neglecting x in the 


equation of motion has been to increase rs and to 


give a value which exceeds that given by the exact 
solution, The approximate reasoning therefore 
leads to no error. 

This is probably not very different, in kind at 
least, from what takes place when there is an ob- 
struction near the muzzle of a loaded gun, with a 
confined air space between the shot and the obstruc- 
tion. The velocity of the shot is increasing instead 
of constant, and some heat doubtless passes into the 
barrel of the gun. The assumption that the air is 
homogeneous throughout the motion, and that the 
relation between the pressure and volume remains 
true to the extreme limit, are also inexact. But 
these are matters of detail which probably leave the 
main effects unaltered, namely, that the resulting 
motion of the obstructing mass is small, and conse- 
quently the air pressure, as the shot advances, be- 
comes a bursting pressure upon the gun barrel, 
which of course yields long before the absolute limit 
of infinite pressure is approached. 

It need hardly be remarked that this is an entirely 
different question from that of an air space between 
the bullet and the breech. 





STEAM PLOUGHING MACHINERY AND 
TRACTION ENGINES AT THE KIi- 
BURN SHOW.—No. II. 

In our article of last week dealing with this sec- 

tion of the implements at Kilburn, we noticed a 

steam road roller of a new pattern, shown by 

Messrs. Aveling and Porter, of Rochester, and we 

alluded briefly to the other exhibits of the firm. 

Of these exhibits we now propose to have some- 

thing more to say. Altogether Messrs. Aveling and 

Porter's exhibit includes two 14-horse steam plough- 

ing engines for working on the double engine 

system, five traction engines of various sizes (one 
connected to a reaping machine), and three steam 





road rollers, two of these latter being of the pattern 
which we illustrated last week. In these steam 
ploughing and traction engines, Messrs. Aveling 
and Porter have introduced no important changes of 
general design since we last spoke of them, but we 
notice many improvements in detail, while the ex- 
cellent arrangement of gear which Mr. Aveling 
applied to his 8-horse traction engine, shown at the 
Paris Exhibition, and which we illustrated and de- 
scribed about a year ago (vide pp. 26 and 27 of our 
twenty sixth volume), has now been applied to 
engines of all sizes. Amongst minor details we 
notice that Messrs. Aveling and Porter are now 
fixing their feed pumps outside the plate which 
forms the side frame- carrying the bearings for the 
crank and countershaft (a position in which they 
are readily ——— while they are also substi- 
tuting flange joints for the screwed joints formerly 
used on feed and suction pipes, an alteration which 
other firms would do well to imitate, as it is but 
rarely that a set of pipes with screwed joints can be 
taken down without some fracture occurring. 
Several of the engines exhibited are fitted with 
injectors in addition to the feed pump, and we notice 
that Messrs. Aveling and Porter are replacing the 
old pattern of safety valves with levers and spring 
balances, by valves loaded by springs bearing on 
them direct, another good innovation. We have 
often, in speaking of traction engines, advocated the 
use of small engines hauling moderate loads rather 
than the employment of lease engines dragging 
heavy trains, and we are glad to know that this view 
is held strongly by Mr. Aveling. Mr, Aveling has 
certainly had more experience than any other en- 
gineer in the penetionl use of traction engines for 
hauling loads on common roads in every variety of 
conditions, and his opinion on any matter connected 
with such engines is, therefore, of exceptional 
value. One of the engines exhibited by the firm 
at Kilburn, is a 4-horse, .with Adams’ spring tyres, 
and it is this size and type of engine which we 
believe that Mr. Aveling considers best adapted for 
general purposes. Such an engine will take a load 
of 8 tons in two wagons on all ordinary roads, and 
with its moderate weight there would be no chance 
of damage to bridges, &c. For use with these 
engines Messrs. Aveling and Porter show a good 
type of wagon with the larger share of the weight 
carried by the hind wheels, which are 5 ft. in 
diameter. A considerable portion of each side of 
the wagon, as well as the back, folds down for 
unloading. Another exhibit of Messrs. Aveling and 
Porter’s which is worth notice, is the van for the 
use of men engaged in steam ploughing. This van, 
in addition to being well arranged generally, is 
noticeable for being provided with a separate sleep- 
ing compartment for the foreman, this compartment 
being fitted with desk, &c. All who have had practical 
experience in the use of steam cultivating machinery, 
will understand the value of this provision. Before 
leaving Messrs. Aveling’s stand, we may direct at- 
tention to a couple of firebox plates which may be 
seen there, and which although not, perhaps, a 
regular exhibit, are on view as an illustration of 
the treatment which steam ploughing engines re- 
ceive. The plates in question are a pair of firebox 
side plates, from a steam ploughing engine belong- 
ing to a steam ploughing company in the Eastern 
Counties, and they are bulged fully the thickness of 
the plates between every stay, right down to the 
bottom of the plates. The stays have held perfectly, 
and the iron, thanks to its excellent quality, has also 
stood this severe treatment without fracture. Of 
the amount of overheating necessary to produce 
the result we have described, we leave our readers 
to judge. As an example of what good iron will 
stand, these plates are interesting; as an example 
of carelessness in the management of an engine, 
they are disgraceful. 

Messrs, C. Burrell and Sons, of Thetford, whose 
stand adjoins Messrs. Aveling and Porter’s, have a 
large collection of steam ploughing and traction 
engines at Kilburn. ‘The pair of 14-horse plough- 
ing engines shown by this firm are noticeable for 
their very moderate width, the width over wheels 
being 7 ft. 6 in. only, notwithstanding that the 
driving wheels are each 21 in. wide. These engines 
are also fitted with a neat omaguaney of pinions, 
the crankshaft carrying both the fast and slow oe 
pinions and a locking. plate ery. provided to 
prevent both bein Fe in gear at the same time. 
All the brackets of these engines are of wrought 
iron, and the road gear is of steel. Messrs, Burrell 
and Sons’ traction engines are of the neat designs 
which this firm have now adopted for some time, 





and they are all fitted with Messrs. Burrell’s pm al 
ment of compensating gear and winding drum which 
we have noticed on former occasions, They are also 
fitted with Messrs. Burrell and Edwards’ handy 
arrangement for shifting the fast and loose pinions, 
of which we gave an engraving on page 467 of our 
twenty-sixth volume, and in the details of which 
some improvements have been made since we 
illustrated it. One of the 6-horse traction engines 
shown—and which is exhibited after having done 
some six-months’ work—is fitted with Messrs. 
Burrell and Edwards’ spring wheels. We hope on a 
future occasion to illustrate these wheels, but mean- 
while we may say that the arrangement consists of 
three or four spiral springs arranged inside a suitable 
casing around the boss of each wheel, the load on the 
axle being transmitted to the wheel through these 
springs, while at the same time suitable arms are 
provided for transmitting the driving power. The 
general details of Messrs, Burrell’s engines are well 
worked out and the workmanship is excellent. In 
addition to their other exhibits Messrs. Burrell 
show some spring drawbars for traction wagons 
arranged so that the draught is taken by a couple 
of volute springs. The elasticity thus given no 
doubt qpoilly reduces the shocks on the drawbars 
and wagons attendant upon hauling the latter over 
rough roads, and we wonder that this or a similar 
arrangement is not more generally used. 

At the stand of Messrs. Marshall, Sons, and Co. 
is to be found one of the few novelties amongst the 
traction engines exhibited at Kilburn, this being an 
8-horse engine, fitted with a Hartnell governor, 
acting on the link motion, so as to constitute an 
automatic expansion gear when the engine is used 
for stationary purposes. We hope next week to 
illustrate this engine, and we shall then describe it 
fully ; meanwhile, we may say that the arrangement 
which Messrs. Marshall have adopted forms a de- 
cided step towards the type of self-moving engine 
which we foreshadowed last week as being probably 
the agricultural engine of the future. The gear 
which Messrs. Marshall have adopted is very in- 
genious, and the cut-off is controlled by the governor 
equally well, whether the engine is in forward or 
backward gear, while it is also possible to reverse 
the engine while the governor is in action. On the 
belt which drives the governor being thrown off, 
the automatic gear assumes a neutral position, and 
the cut-off can then be controlled by the reversing 
lever in the ordinary way. The engine to which 
this automatic gear is applied is fitted with Church’s 
equilibrium circular slide valve, and it has also 
many good points of which we shall speak when we 
are describing it more fully. We may add that we 
have had an opportunity of examining a set of in- 
dicator diagrams taken from this engine with vary- 
ing loads, and they show an excellent action of the 
gear. Besides this 8-horse engine, Messrs. Marshall 
also show a 6-horse of their standard type, These 
engines are fitted with a very neat arrangement of 
fast and slow speed pinions, which we shall illustrate 
next week. Meanwhile we may state that in this ar- 
rangement the slow-speed pinion slides on a couple of 
feathers on the crankshaft, while the fast-speed pinion 
is free on the latter. For the slow speed the smaller 
pinion gears into its corresponding wheel, leaving 
the large pinion free; but for the fast speed the 
small pinion is moved outwards, so as to enter into 
the larger pinion which it thus drives. By moving 
both the pinions still further out on the shaft, the 
travelling motion is thrown entirely out of gear, 
leaving the engine available for stationary purposes. 
Both of Messrs. Marshall’s traction engines are 
strongly proportioned with ample bearing surfaces, 
and the workmansbip is all that can be desired. 

Messrs. J. and H, McLaren, of Leeds, this year 
show one of their — traction engines with the 
cylinder connected to the crankshaft plummer- 
blocks by side frames, the cylinder itself being free 
to slide on the boiler, to accommodate the expansion 
of the latter, an arrangement which we described and 
illustrated fully some time ago (vide pages 37 and 69 
of our setae ene volume), They also show two 
traction engines of the ordinary type, these engines 
having roe gran and axles, and Being of good ie or- 
tions and workmanship, but not being marked by 
—— features requiring description here. Messrs. 

cLaren also show a well-made traction wagon for 
carrying a load of 6 tons, this wagon having wooden 
wheels, and being mounted on springs. 

Adjoining the stand of Messrs. McLaren, is that 
of Messrs. Everitt, Adams, and Co., of Ryburgh, 
Norfolk, whose exhibits consist of several novelties, 
all worthy of careful examination, Thus in the 
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first place Messrs. Everitt, Adams, and Co. show a 
new type of steam ploughing engine, which has many 
excellent features. We hope in an early number to 
illustrate this engine, and at present, therefore, we 
need only describe its chief features briefly. In 
the first place the makers have discarded the hori- 
zontal rope drums placed under the barrel of the 
boiler, and when the engine is intended for working 
on the double engine system, they employ in its 
place a vertical drum mounted on a stud on the side 
of the boiler. If the engine is to be used for work- 
ing on the single engine system, then two vertical 
drums are provided, one on each side of the boiler, 
and the particular engine exhibited at Kilburn is so 
fitted. The rope drums are of large diameter, but 
they are so constructed of wrought iron as to be of 
very moderate weight, Each drum has mounted on 
it a ring made up of toothed segments, this gear 
being driven direct by a pinion on the crank axle. 
These pinions can be readily thrown into or out of 
gear by clutches, so that either drum can be run at 
pleasure, and no bevel gear is required to transmit 
the motion from the crankshaft to the rope drum. 
When fitted with two drums, the engine may be 
regarded as a combined engine and windlass of a 
very handy kind. Each drum is fitted with a 
self-acting brake. The drums are very narrow, 
and hence give no trouble with the coiling of 
the rope, the latter being led to them over 
pulieys fixed under the tank. Apart from this 
special arrangement of rope drums we have been 
describing, the engine of which we are speak- 
ing is noticable for its strong proportions and 
general good workmanship. It has been designed 
for working regularly with steam at 160 lb. pressure, 
and the working gear is all proportioned for that 
pressure, and has ample bearing surfaces. The 
cylinder is steam jacketted, the jacket forming a 
dome and being fitted with a pair of Ramsbottom’s 
safety valves. ‘The plummer blocks for the crank- 
shaft and countershaft for the road gear are made 
in one casting on each side of the engine, these 
castings being bolted to the sides of a strong 
wrought-iron box frame on the top of the firebox. 
At the front end the engine is carried upon an 
india-rubber spring arranged so as to allow the 
leading axle to adjust itself freely to the roads. 
When the engine is used for traction purposes the rope 
drums can readily be taken off, or if heavy hauling is 
to be done they can be retained and used to haul any 
load up to the engine, the latter remaining sta- 
tionary. Owing to the position of the drums the 
engine can pay out a rope as it advances, and thus 
facilitate this mode of working. We shall have more 
to say of this engine hereafter when we illustrate it ; 
in the mean time we may commend it as a thoroughly 
straightforward job. 

Messrs. Everitt, Adams, and Co., also show a very 
neat form of windlass for the roundabout system, 
of which we also hope to give an engraving shortly. 
This windlass has wrought-iron drums constructed 
in the same manner as those used on the engine, and 
each fitted with a ring of toothed segments in the 
same way, the advantage of this mode of construct- 
ing the gear being that in the event of damage to 
any portion it can be renewed at a moderate cost. 
The windlass has a very neat and strong wrought- 
iron trussed frame, and it is fitted with a peculiar 
arrangement of double clutch which could not be 
well described without the aid of illustrations, but 
which answers its purpose admirably. Another 
novelty at Messrs. Everitt, Adams, and Co.’s stand 
is a signalling arrangement fitted to a travelling 
anchor. The anchor itself is of the type which we 
described last week as having been designed by 
Mr. Savage, and Messrs. Everitt, Adams, and Co.’s 
addition to it consists in an arrangement whereby 
the ball on the rope which brings the travelling 
motion into action, also operates a small semaphore 
signal mounted on a post fixed on the anchor, and 
by throwing up the signal arm indicates to the driver 
that the implement has arrived at the headland. 

Although neither a steam ploughing nor a traction 
engine, we can best notice in this division of the 
Kilburn exhibits the little locomotive ‘ Brick” 
shown by Mr. W. G. Bagnall, of Stafford, this engine 
having been withdrawn from service at the Becken- 
ham and Penge Brick Works of Messrs. Rhodes, 
for exhibition. The engine is for a 20in. gauge 
and its general appearance is shown by the perspec- 
tive view of it, which we give this week on page 17. 
In the mode of carrying the cylinders and general 
design the ‘ Brick” resembles the tank engine con- 
structed by Mr. Bagnall, which we illustrated on 
page 17 of our last volume, Thus the leading 





axle is the crank axle and the cylinders are mounted 
on a horizontal plate between the frames. The 
cylinders are 4in, in diameter with 6 in. stroke, and 
the wheels, which are coupled, are 1 ft. 3 in. in 
diameter and arranged at a wheel base of 4ft. The 
boiler contains 17 brass tubes 1} in. in diameter and 
5ft. 3 in. long, giving a heating surface of 41 square 
feet, while the firebox surface is 1] square feet, mak- 
ing 52 square feet of heating surface in all, The area 
of firegrate is 1} square feet. The ratio of firegrate 
to total heating surface is thus 1: 40, while the 
ratio of sectional area through tubes to grate area is 
1:5.8, and of sectional area of chimney to grate 
1:6.4. The working pressure carried is 140 lb., 
and the weight of the engine in working order is 
56 cwt., of which 24 cwt. rest on the leading, and 
32 cwt. on the trailing axle. The tank carries 
50 ons of water, and the coal bunkers 140 lb. of 

The engine has been made for working under 
a tunnel only 5 ft. lin,, and the foot-plate has 
therefore been dropped at the trailing end, and 
covered with a roof, as shown, the driver occupying 
a sitting position. The total height of the engine 
from rails to top of chimney is 4 ft. 10}in. only. 
The “ Brick” is altogether a very neat little engine 
suitable for its work. 

our notice of the Smithfield Show last 
December, we had occesion to speak of ° 
Darby’s ‘‘ broadside digging machine,” and we ob- 
serve that this machine has put in its appearance at 
Kilburn. Of the ingenuity of this machine there 
can be no doubt, but we think that the condition of 
the Kilburn show-ground itself should be enough to 
show the undesirability of taking such a cumbrous 
machine over the land. Another digging machine 
is, we notice, represented by a model at the stand 
of Mr. John D. Garrett, of Magdeburg, the machine 
being specially intended for working on hard 
stubble land. Mr. Garrett, instead of working 
broadside on as is the case with Mr. Darby’s ar- 
rangement, places his digging apparatus at the end 
of his engine, the gear for giving motion to the 
spades being very ingeniously arranged. We shall 
have something more to say respecting this digging 
machine of Mr, Garrett’s when we illustrate it as 
we propose to do shortly, although we must own to 
being opposed to any system of steam cultivation 
which involves the continuous transit over the land 
of a heavy engine and its attachments. 

Mr. William Box, of Uffington, exhibits one of 
his 8-horse traction engines mounted on springs, 
and having the driving wheels driven through the 
intervention of coupling rods like those used on a 
locomotive, these couplingrods connecting the wheels 
to disc cranks at the end of a countershaft suitably 
geared to the crankshaft, We have expressed our 
opinion of this arrangement on a former occasion, 
Traction engines are also exhibited by Messrs, 
Clayton and Shuttleworth, Messrs. Ruston, Proctor, 
and Co., Messrs. Ransomes, Sims, and Head, Messrs. 
Garrett and Sons, Messrs. Holmes and Sons, Messrs, 
Tasker and Sons, Messrs. Robey and Co., Messrs. 
Wallis and Steevens, and Messrs, Barrows and 
Stewart, and it will thus be seen that the manu- 
facture of self-moving engines is becoming very 
widespread. So far as we have been able to 
ascertain, however, the engines of the several 
makers just mentioned are of their established 
ype, and so do not require special description here, 

though in most instances improvements in details 
may be noticed. And here in taking leave for the 
present of the steam cultivating machinery and 
traction engines at Kilburn, it is only right that we 
should acknowledge that our review of these classes 
of exhibits has not been so complete as we could 
have wished. The terrible state of the show-ground 
and the consequent unreadiness of many of the 
stands—a ¢ number of engines and implements 
being still not in place at the time we are writing— 
rendered an examination of the exhibit this year a 
matter of peculiar difficulty, and under these 
circumstances it is not improbable that certain 
matters deserving ey attention may have 
escaped our notice. the event of such omissions 
being detected in the course of subsequent visits to 
the show-ground we shall deal with them in a supple- 
mentary article. 


PORTABLE AND FIXED ENGINES AT 
THE KILBURN SHOW.—No. II. 

In noticing briefly last week the engine exhibits 
of Messrs Marshall, Sons, and Co., of Gainsborough, 
we mentioned that this firm were showing a 14-horse 
double cylinder portable fitted with automatic ex- 
pansion gear, and of this engine we now give en- 





gravings on page 4. The engine has a pair of 
+ eager 8 fn in diameter, with 14 in. mg 

ese cylinders being steam jacketted, and the 
working barrels being cast separately of extra hard 
metal, and forced tightly into the jackets. This 
mode of construction is now adopted by Messrs. 
Marshall for all their steam-jacketted cylinders, as 
it enables a much harder metal to be used for the 
working barrels than could otherwise be employed, 
while it avoids complication in the castings. In the 
engine we are describing the outer jackets of the 
two cylinders with the two valve chests, &c:, are 
cast in one piece, a strong flange being provided all 
round for securing the cylinders to the boiler, an 
ample b g area on the latter being secured, 
The cylinders have also two strong lugs cast on 
their sides, these receiving the ends of a pair of 
strong wrought-iron stays which form a connexion 
between the cylinders and the crankshaft plummer- 
blocks, these latter being mounted in dovetailed 
slides secured to stiff wrought-iron hornplates 
which are double rivetted to the boiler sides. This 
arrangement, which Messrs. Marshall, Sons, and Co. 
have now employed extensively for some years, 
relieves the boiler from all strain due to the thrust 
and pull of the pistons, and it altogether forms a 
very good job. e crankshaft is 33 in. in diameter, 


C. | and itis arranged at the smokebox end of the boiler 


instead of at the firebox end as was formerly the 
case with some of Messrs. Marshall’s large engines. 
The flywheel is 5 ft. 7 in. in diameter, and 9} in, 
wide on the rim, while the crankshaft is left suffi- 
ciently long to receive a belt pulley at either end if 
desired. The motion bars are arranged so that the 
crosshead blocks can overrun their outer ends, these 
ends being carried by a wrought-iron bridge plate 
secured to the stays between the cylinders and the 
crankshaft bearings, this plate also carrying the 
governor and the guides for the valve spindles. The 
engine is fitted with Hartnell’s governor andautomatic 
expansion gear, respecting the efficiency of which 
we have on former occasions spoken very favourably. 
We give on page 4 reduced copies of three pairs of 
indicator diagrams taken from the engine now under 
notice driving different loads on the brake. The 

iagrams Fig. 3 were taken with a brake load of 
14 horse power, the steam pressure being 60 lb. 
per square inch, and the speed 109 revolutions per 
minute. In the diagram shown by Fig. 4, the brake 
load pressure and speed were respectively 21 horse 
—s 73 lb, pressure, and 107 revolutions, while 

or the diagram Fig. 5, they were 28 horse power, 
84 Ib. pressure, and 107 revolutions respectively. 
‘hese diagrams show, as will be seen, a very good 
action of the valve gear, the initial steam pressure 
being well maintained to the point of cut-off, 
while, as we know form experience, the action of 
this governor in altering the grade of expansion is 
exceedingly prompt. The feed pump is fixed on 
the foot of the right hand hornplate so as to avoid a 
a bolted connexion with the boiler, and it is of ample 
size. It is arranged for continuous working, and is 
fitted with a return cock and heater globe for mixing a 
portion of the exhaust steam with the return water, 
a form of feed heater which has row been very ex- 
tensively adopted in portable engine practice, and 
the details of which are in Messrs, Marshall's engine 
well designed. 

The boiler has a flush.topped firebox casing, and 
all longitudinal seams are Aouble-rivetted, while it 
is thoroughly well stayed for a working pressure of 
80 lb. per square inch, The firebox is of Lowmoor 
iron, and the barrel contains 40 tubes 2in. in dia- 
meter, the total heating surface being 247 square 
feet, while the grate area is 7.83 square feet. As 
will be seen from our engravings, the boiler is fitted 
with a mud collector under the el, an arrange- 
ment which has long been applied with advantage 
in locomotive practice, but which, so far as we are 
aware, is not being employed by any other makers 
of portables, although on such engines it would be 
especially useful. The boiler fittings on the engine 
we are describing are all good and complete, The 
ashpan is provided with dampers at both ends with 
catches for regulating the draught. The engine is 
mounted on substantial wrought-iron travellin, 
wheels, the front wheels being 4 ft, and the hi 
wheels 5 ft. in diameter, and the tyres in each case 
being 7 in. wide. The fore carriage is principally of 
wrought iron, with stay and check chains, and 
carries a slipper for the wheels. Altogether the 
engine is of a very substantial pattern, and both 
design and workmanship are very good throughout, 





The same may also be said of the other engines, both 
fixed and portabie, exhibited by Messrs. Marshall. 
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HORIZONTAL CONDENSING ENGINE AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. RUSTON, PROCTOR, AND CO., ENGINEERS, LINCOLN. 


(For Description, see Page 6.) 
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Messrs. Marshall, we may remark, have for some time 
past done nearly the whole of their plate flanging by 
hydraulic power, and some excellent samples of steel 
plates thus flanged are shown at their stand at 
Kilburn. 

Messrs. Ruston, Proctor, and Co, have a good 
show of portables, all, however, with the exception 
of a 14-horse, of their regular types, and hence not 
requiring special description here. We may, how- 
ever, commend their good finish, The 14-horse 
engine just mentioned is fitted with automatic 
expansion gear of the type in which a rocking link 
gives motion to the expansion slide, the position of 
the block on the link, and hence the travel of the 
valve, being controlled by a cross-armed governor 
with hea Is. The chief feature of this engine, 
however, is the firebox, of the construction of which 
we are not at present at liberty to give full par- 
ticulars, but which we hope to illustrate and describe 
in an early number, Besides their portables, Messrs, 








“4 





ae, 2 ey Te iret oo ed i 
| Fs: i q Fig. 3. aoe 
— ’ 7 me ' ; ' 
= stat 

' Re ‘ 

<8 tee ae 
eet 





GP TORES Te 
BELT ar 
10U: PALE ee 

404 are VAN ‘Sk. “>! 
fA ANAS NN SY 


Ng 
‘2 or . 
Tt eee a Swe bowss 


+ 


un, ieee 
~-4-<e 


Bhwis cs oc bs coesnes 


Ruston, Proctor, and Co, show this year a new de- 
sign of 4-horse vertical engine, and a horizontal con- 
densing engine, both of which we illustrate in the 
present number on page 16 and the present page 
respectively. Referring to our engravings on page 16 
it will be seen that the vertical engine is of a neat 
design. A single bedplate, forming an ashpan and 
water tank, carries both engine and boiler, the engine 
being mounted entirely independent of the boiler, 
asshown. The engine frame consists of a tapered 
cast-iron standard, with faced flanges meeting the 
bedplate and lower cover of the cylinder respec- 
tively, this lower cover having a turned projection, 
which drops into a co ndingly bored recess in 
the head of the standard. The bottom cover is 
— Py Be ge by comm - heen 
ower en these in e e 
of the standard, ond behig secured by nuts 
below. The cylinder is 8Zin. in diameter with 
10in, stroke, and it is steam-jacketted, steam being 





supplied to the jacket by a small branch pipe from 
the stop valve casing and an ‘ejector’ being pro- 
vided to drain off the condensed water from the 
lowest point of the jacket. ‘The water thus drained 
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BAGNALL’S GOVERNOR AND THROTTLE VALVE. 


off passes into the feedtank. The crosshead guides 
are bored out in the standard, and the crosshead, 
which is of wrought iron, is fitted with cast-iron 
blocks, of ample area, adjustable by wedges and 
screws. The standard has one of the crankshaft 


























ENGINEERING. 





[Jury 4, 1879. 





6 
pedestals cast on it, this bearing being as close as 
possible to the crank, while the other g is in 


a strong pedestal bolted to the baseplate close to 
the flywheel. The crankshaft is of Lowmoor iron, 
bent from the bar. 

The stop and throttle valve are of the equilibrium 
type, and their arrangement—which is very neat— 
will be best understood on reference to the detail 
view of these parts which we give on page 16. The 
valves just mentioned are arranged in a brass cast- 
ing which is supplied with steam from the boiler 
by an elbow pipe, as shown in the general views. 
The distribution of the steam is effected by an 
ordinary slide valve, but the point of cut-off can 
be varied from one-fourth to two-thirds of the stroke 
by means of the arrangement of shifting eccentric 
which Messrs. Ruston, Proctor and, Co. have long 
used. The governor is of the spring-loaded cross- 
armed type, and is arranged on the steam chest 
cover, the connexion with the throttle valyve—which 
is adjustable by a small thumb wheel—being by 
means of a lever and crank, asshown. The arrange - 
ment is good and the governor is 7S and sensi- 
tive, and without tendency to hunt. The pump is 
of the continuous action pattern, the return water 
being heated by being brought into contact with a 
portion of the exhaust steam. The pump is fixed 
obliquely to the bedplate in the opposite side to the 
flywheel. The boiler is of the cross-tube type, and 
is provided with all necessary fittings, and altogether 
both the design and workmanship of the engine are 


ber good. 

f the horizontal condensing engine exhibited by 
Messrs. Ruston, Procter, and Co., we give engravings 
on page 5, our views consisting of a side elevation 
and plan, together with diagrams of the action of the 
valves, The cylinder is 13$ in. in diameter with 
2 ft. stroke, and it is steam-jacketted, the work- 
ing barrel consisting of a liner cast separately, 
turned and forced into place in the outer casting 
constituting the steam jacket. As in the case of the 
vertical engine already described the condensed water 
from the jacket is discharged through one of Vaughan 
and Stubb’s ejectors. The cylinder has short 
direct ports with a slide valve’ for each end, the 
main slides having Meyer cut-off slides on the 
back. The point of cut-off can be varied by 
hand from , to } stroke. The steam ports in the 
— are ]4 in., and the exhaust ports 1} in. wide, 
the width of opening of the former being } in. 
Tne main slide has 3 in, travel, 3} in. outside lap 
and yy in. lead, while the inside lap is 3} in. at the 
back and } in. at the front end. e angular ad- 
vance of the main eccentric is 45 deg., and of the 
expansion eccentric 90 deg., while the cut-off 
valve has an actual travel of 3 in. and a travel 
relatively to the main valve of 2}in. The ports on 
the main valve are jin. wide. The action of the 
valves is shown by the diagram Fig. 3, on page 5. the 
steam and exhaust openings of the main valve for 
different positions of the crank being represented by 
the lengths on the crescent-shaped areas of the radial 
lines representing those portions. In the same 
manner the close radial lines in the shaded areas of 
Figs. 4 and 5 represent the movement of the expan- 
sion valve upon the main slide. 

The engine is of a type designed for driving drain- 
ing machinery, and it is not fitted with a governor, 
although of course a governor and throttle valve 
could be readily affixed to it if required. The 
ae surfaces are of good size; and the engine 
generally is strongly proportioned for the working 
pressure (80 1b. per square inch) for which it is 
intended. The crankshaft is of Bessemer steel, and 
has three bearings, namely, two on the engine- 
frame and the other a wall bearing. The brasses of 
these bearings are adjusted by screws and wedges. 
The general design of the bedplate will be at once 
seen from our engravings, and it will be noticed 
that it is prolonged beyond the cylinder to carry 
the air-pump, which is horizontal, and driven by 
an extension of the piston-rod, as\shown. The 
air-pump has a gun-metal liner, and the piston, 
piston-rod, valve-seats, guards, bolts, &c., are of 

un-metal, The valvesare india-rubber disc valves. 

e eccentric straps and feed-pump fittings are of 
gun-metal, and the eccentric rod-pins are fitted with 
adjustable brasses. The connecting rod is fitted at 
its large end with a strap bolted in place, the cotter 
setting the brasses outwards, so that the rod is 
lengthened by the wear of the brasses at this end. 
To counteract this, the small end brasses are made 
to tighten inwards, so that their wear tends to 
shorten the rod. The workmanship and general 
finish of the engine are excellent. 


Although the Kilburn Show is an “ international” 
one, foreign engine builders are scarcely represented. 
the only engines from abroad which we have so far 
noticed being a portable, constructed by Mr. J. D, 
Garrett, of Buckau, Magdeburg, and a small Ameri- 
can portable, constructed by Messrs. Aultman and 
Co., of Canton, Ohio, and exhibited by Messrs. 
Edmondsons and Co., of London. In Mr. J. D. 
Garrett's portable the most noticeable features are 
the flanging of the boiler plates and construction of 
the axle arms. We intend next week to give en- 
gravings which will illustrate these special features 
clearly, but meanwhile we may direct attention to 
the progress which Mr. Garrett has made in boiler- 
plate flanging. Mr. Garrett was one of the first, if 
not the first, to take up a very long time ago the 
flanging of boiler plates by machinery, and for many 
years it has been his regular _ to use such 
mechanically flanged plates in the boilers of his port- 
able engines. The boiler of the engine now ex- 
hibited at Kilburn includes some excellent examples 
of flanged plates, and we would particularly direct 
attention to the form of smokebox door adopted by 
Mr. Garrett, and to his method of closing the water 
space around the bottom of the firebox. In this 
latter case the plates of the firebox are set outwards, 
and the plates of the outer casing set inwards, so as 
to meet without the interposition of any ring. An ex- 
cellent form of joint is thus made, and we think that 
it is one which is likely to be largely used wherever 
mechanical flanging is carried out. The axle arms 
used by Mr. Garrett are fixed on the sides of the 
firebox by flanges, but instead of being wrought-iron 
arms in cast-iron sockets, such as are fixed in the same 
position by}Messrs. Clayton and Shuttleworth, they 
are rome solid with their flanges by a peculiar 
method, of which Mr. Garrett is the inventor, and 
of which we shall give further particulars next 
week, 

The American portable, made by Messrs. Ault- 
man and Co., of Canton, Ohio, and to which we 
have just referred, has a vertical boiler, to which a 
vertical engine is bolted, the whole being mounted 
on four very light wrought-iron wheels, with ten- 
sion spokes, The greater part of the weight is 
carried by the hind axle, the leading axle being 
connected to the rear one by a light iron frame 
carrying a seat for the driver, the whole arrange- 
ment, in fact, greatly resembling that of a steam 
fire engine. ‘Ihe engine has a connecting rod of 
H section, made of cast steel, the pattern, in fact, 
resembling that used by Messrs. Tangye. The 
engine is evidently well adapted for rapid trans- 
port, and, as a representative of a type almost un- 

nown here, it is herr | of examination. 

The greater part of the stationary engines shown 
at Kilburn are to be found in one or other of the 
two corners of the yard (north-east and south-east) 
allotted to ‘machinery in motion.” That the 
southern portion of the yard was last week a little 
less of a quagmire than the northern, may probably 
account for the fact that the exhibitors there were 
very much more nearly ready when the show 
opened, than those at the north. With certain 
exceptions—such as the Atlas Engine Company, 
Messrs, Tangye Brothers, and a few others—this 
certainly was the case. We propose, therefore, at 
present to speak chiefly of the exhibits in the 
southern portion of the yard, leaving the others to 
be dealt with in another article. 

Near the exhibitors’ entrance we come upon the 
extensive exhibit of Messrs. Alexander Shanks 
and Son, of Arbroath, whose ‘“‘ Caledonian ” engine 
we illustrated last week. This firm exhibits seven 
engines of this type (two having the automatic ex- 
pansion gear which we described), and also eight of 
their combined vertical engines and boilers, of which 
the largest (12-horse power) is fitted with the same 
arrangement, Messrs. E. R. and F. Turner, of 
Ipswich, have a large show of ‘‘Gyppeswyk” engines, 
as well as of implements, but their preparations have 
unfortunately been very much delayed. One of their 
horizontal engines, a 12 in. cylinder, is we notice fitted 
with Hartnell and Guthrie's governor. This governor 
was illustrated by us on page 406 of our fourteenth. 
volume, It may be remembered that it is arranged 
with two weighted levers pivotted on pins carried by a 
disc (which may be a pulley) upon the crankshaft. 
The centrifugal force of the weights, when the shaft 
revolves, causes the levers to move (against the resist- 
ance of two spiral springs), and this motion is arranged 
to shift the ition of the eccentric, which is not 
keyed to theshaft. As originally arranged, for small 
engines, it was the main (and only) eccentric which 








was shifted—in the engine exhibited the governor 


acts, however, upon the eccentric of a separate ex- 
pansion valve, working upon the back of the other 
slide, One of Messrs, Turner’s small vertical 
“Gyppeswyks” is fitted with a “fixed” or Gooch 
link reversing gear. 

Messrs, Jeffery and Blackstone, of Stamford, show 
examples of vertical engines with the cylinders 
mounted on the boilers and one no special 
notice, and also examples of another of com- 
bined engine, in which the engine and boiler are 
placed independently on the same base. These latter 
engines would be improved by getting the metal 
of the frames more directly into the line of stress, 
The Reading Iron Works (Limited) show some 
half-dozen engines of their well-known form, two 
with “nozzle” boilers, while Messrs. Hempsted also 
show a number of examples of vertical engines of 
their well-known type. Messrs. Hempsted also 
exhibit specimens of bent crankshafts, bent by 
hydraulic machinery. 

Mr. Edward Humphries, of Pershore, exhibits 
this year two stationary engines, one horizontal and 
one vertical. The former is a stiff-looking affair ; 
the latter is neat in appearance, although several of 
its details (as for instance the convex guide bars and 
the connecting rod “ big end”) will no doubt be im- 
proved on further consideration. The frame may be 
described as an open column, very light, of rectan- 
gular section, well rounded at the corners, and 
tapering inwards both ways from base to cylinder. 

essrs. Riches and Watts, of Norwich, among 
other engines show a type of compound which they 
are now introducing. e engine shown is 12-horse 
power (nominal), condensing, and is simply an 
engine of ordinary marine form, the cylinders 
vertical and inverted carried on wrought-iron 
columns in front and cast-iron standards behind, 
the air pump vertical, single-acting, placed at the 
back and worked by levers. Besides this engine 
they show three verticals of their ordinary type 
which do not call for special mention, 

At Messrs. Clayton and Shuttleworth’s stand, 
which comes next in order, the exhibits were not 
all in place at the time of our last visit, and we 
therefore leave it for future notice. Of the straw- 
burning portable exhibited by this firm we gave 
—- last week. Messrs. Davey, Paxman, and 

0., of Colchester, have a number of exhibits, to 
which we shall have to return later on. Mr. E. S. 
Hindly, of Bourton (Dorset) has a large collection of 
‘¢ steam-hammer” verticals of his usual neat type. 
He makes his crankshaft bearings into long bushes, 
carried through bosses at the base of the framing. The 
shaft works in split brasses, which can be tightened up 
by set screws passing through the bosses in the bed- 
plate. He uses the feed-pump ram as a guide for the 
valve rod. Messrs, Cochran and Co.’s exhibits, which 
come next, we have already described and illus- 
trated. The half-dozen vertical engines of Messrs, 
W. N. Nicholson and. Son do not call for any re- 
mark, except that the form of guide (double V sur- 
faces) used in some of them is one the objections to 
which we have often pointed out. The Y’s are quite 
unnecessary for steadiness, and add very consider- 
ably to the frictional loss. 

The stand of Mr. W. G. Bagnall, of Stafford, is 
particularly well arranged, and it was one of the 
earliest ready. He calls his special form of engine 
the ‘* Challenge,” and shows nine horizontal engines 
of this type (from 1 to 12-horse power), as well 
as six combined horizontal engines and vertical 
boilers, from ] to 6-horse power. These engines 
are of the double-bearing type, with bent crankshafts 
and continuous under-bedplate. They have marine 
piston rod guides, with considerable surface, and 
each is fitted with a horizontal spring governor placed 
on the top of the cylinder and acting on an equili- 
brium stop valve above the valve chest. By means 
of hand-wheels the governor can be readily adjusted 
to different speeds. We give on page 5 an en- 
graving of the governor and throttle valve con- 
nexions, which will explain the arrangement fully. 

Mr. T. C. Watts, of Bow, exhibits two small high- 
speed engines constructed on hisown patents. The 
most noticeable of them is a 10-horse power three- 
cylinder engine with automatic expansion gear. The 
cylinders in this engine are single-acting, and placed 
vertically and inverted, and side by side. The three- 
throw crankshaft (without intermediate bearings) is 
of cast steel, the place of crank webs being taken by 
cam-discs, which actuate, through rollers placed on 
rocking levers, three piston valves, one for each 
cylinder. The fulcra of the rocking levers are not 
fixed, but are pins in the end of levers keyed upon a 
long shaft under the control of the governor, the 
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whole being so arranged that ~~ lifting or falling 
on the part of the governor, by ing the position 
of the rocking levers, alters the relative positions of 
each cam and itsroller, and in this way the cut-off is 
regulated automatically. The arrangement isa very 
neat one, but the details shown in the drawing 
placed beside the machine seem to be somewhat 
unsuited for a high-speed engine. No doubt further 
experience with the engine will lead to some modifi- 
cations. Mr. Watts also exhibits a 2-horse power 
engine with two vertical single-acting cylinders side 
by side below the shaft, the steam distribution being 
effected by a single rotary valve below and between 
them. Steam is supplied by one of Mr. Watts’ 
tubular (10-horse power) boilers, 

Mr. J. J. Lane’s exhibit of engines represents 
what may be considered the extreme of conserva- 
tism in horizontal engine design ; not only design but 
proportions seem to be just what they were in—we 
were going to say—pre-historic times. There are 
people, no doubt, who prefer to get a good deal of 
show for their money, and think the modern direct 
forms of framing and general absence of indirect 
connexions ‘‘shabby.” Such folk will be greatly 
delighted with Mr. e’s engines. 

The General Engine and Boiler Company (Limited), 
Hatcham Iron Works, have a good show of about a7 
dozen engines of a type of which we have spoken on 
former occasions. These engines have all double bear- 
ings, the cranks are replaced by cast-iron flywheel 
discs, and to allow room for these the feet of the 
framing are kept somewhat high. The frames 
proper lie directly in line between cylinder and bear- 
ing, they are joined at the cylinder end, and there 
form the front cylinder cover. As the valve is 
worked by a pin on the end of the shaft, and not by 
an eccentric, the shaft cannot be turned end 
for end, and one end only is available for driving. 
There are some exceedingly good points about these 
engines, but one detail which we would like 
to see changed is the slide rod; it appears out of 
all proportion small for working at the considerable 
strains to which it is subject. 

Mr. Edwin Foden, of Chester, shows five ‘ El- 
worth” engines, from 3 to 14 horse power. The 
largest of these is fitted with a Porter governor 
(acting on a throttle) and Mather and Pilatt’s 

istons, We notice that Mr. Foden the 
Sensenn of his plummer-blocks diagonally, and then 
uses a two-way adjustment for taking up wear. 
Mr, Alfred Dodman’s half-dozen engines do not call 
for special mention. Messrs. Proctor and Wallis 
Tustin-street, S.E.) show several of their neat 
littlé ‘‘ Talbot” engines, in which the cylinder is 
fitted in the steam space of the boiler, and also an 
old fashioned 6-horse power horizontal engine. 
Messrs. P. and H, P. Gibbons’ (Wantage) horizontal 
engine with vertical boiler, is of the very neat 
design which we illustrated on pase 123 of our 
twenty-fifth volume, Engine and boiler are fixed 
independently to the same bedplate. The engine 
itself has a “‘girder” frame with flat planed guides, 
and is altogether a neat and substantial-looking 
affair. 

We must leave for a final article our notices of 
other engines and boilers shown at Kilburn. 





REAPING MACHINES AND SHEAF BINDERS 
AT THE KILBURN SHOW. 


A very large number of reaping and mowing machines 
is collected on the show-ground at Kilburn, and many 
modifications in detail are to be remarked, but compara- 
tively little in new implements. Sheaf-binding mechanism 
appears still to possess a powerful attraction; all, or 
nearly all the apparatus for this object which have been 
seen at the two last shows of the Society, are at Kilburn, 
but in every case with modifications, and alleged im- 
provements. In addition there are some new implements 
of this class. In all cases their arrangements are too 
complicated to describe clearly without drawings, and 
indeed it would be useless attempting to do so, since 
almost all are in a stage of progression, the Howard and 
Wood binders alone pretending to anything like a definite 
form. We have therefore contented ourselves by giving 
in the following notices some idea of the principles upon 
which the various binding apparatus are designed. 

Messrs. Howard have quite an array of harvesting 
machinery, mowers, reapers, and the self-binding reaping 
machine. The so-called “ Simplex” mower, made by this 
firm, is fitted with open gearing in the travelling wheels, 
which entirely overcomes the difficulty of clogging in- 
cident to many other machines ; the other gear wheels are 
cast steel. The solid framework keepsevery part perma- 
nently true, the finger-bar is hung in an improved sledge 
and is adapted for running over ridges and furrows, the 





crank spindle is bored and carries a reserve of oil, the 
machine is perfectly balanced, and it can readily be con- 
verted into a normal delivery reaper by adding the tipping 
platform, &c. 

Howard’s simplex reaper also has open gear in the 
travelling wheel, and the other gear wheels as in the 
mowing machine, are steel ; in fact this material and 
wrought iron are largely used in the construction 
of this machine to insure strength and lightness, and on 
this account it is specially fitted for countries where 
repairs are difficult. The finger-bar can be pitched in- 
stantly to deal with laid and twisted crops, while the 
machine is in work, the height of cut can readily be 
adjusted, and the rakes are controllable for regulating 
the size of thesheaf. An important feature, too, in this 
machine is the position of the cam standard, which gives 
a forward sweep to the rakes in bringing the corn to the 
cutter bar. 

On the following page we illustrate Messrs. Howard’s 
harvester and sheaf binder. The mechanism is com- 
paratively simple, and readily managed by the 
attendant seated upon the machine, The grain when 
cut is elevated by an endless apron, and deposited in 
bundles on the sheaf table, the sizes of which are regu- 
lated by the attendant; the binder arm, ing the 
band, in its descent encloses the bundle, and brings 
together the two ends of the band ready for twisting and 
cutting off, these two operations being performed at a 
point when the binding arm is momentarily at rest; 
the bound sheaf is pushed off the table by a revolving 
pusher, which comes into operation each time the binder 
arm rises above the sheaf. The machine is provided 
with a sheaf table, upon which the corn or grain is de- 
livered from the platform, and which is adjustable 
lengthwise to permit the band or wire to be placed around 
the sheaves in any desired _— or position ; but when 
the machine is in operation the table is stationary, that 
is, it has no reciprocating or other movement on the 
frame of the machine for the purpose of collecting or 
separating the grain into quantities to form the sheaves 
or bundles. This separation of the grain is effected by 
the action of a binding or binder arm operating in the 
manner about tobe described. This arm its fulcrum 
on the pin of a crank fixed on the extremity of a shaft 
which rotates in suitable bearings in a standard or 
bracket attached to the sheaf table, For effecting the 
removal of the bound sheaves from the table, a pusher or 
delivering arm is attached to the crank; the said 
machine is also provided with an improved twisting 
device, which is a peculiarly formed “whirl” or pinion 
flanged on its upper side, and supported, with a capa- 
bility of free rotation, by its flange in a grooved or 
recessed plate attached to the sheaf table, the whirl 
being arranged in combination with a revolving knife or 
cutter. The arrangement is shown generally by the per- 
spective view and also by Fig. 1, which is a front eleva- 
tion of the improved sheaf-binding mechanism. Fig. 2 
is a plan or top view, partly in section, and with a por- 
tion of the sheaf table broken away to show the me- 
chanism below the same. Fig. 3 is an end elevation, 
partly in transverse section, on the line # , and showing 
the binder arm in the same position as in Fig.1. Fig. 4 
is an elevation showing the binder arm in its highest 
position. The other figures show detached portions 
and modifications of the invention, and are referred to 
later on. 

The foundation plate of the binding mechanism is 
shown at A, and forms the sheaf table upon which the 
grain falls from the elevators. Fixed on this table is the 
bracket or standard B which carries the binding arm or 
needle and the upper bobbin, while the mechanism for 
driving the binding arm and the twisting and cutting 
devices are arranged under the table. 

The bracket B extends over the table, as shown, in 
such manner as to allow a clear space for the grain to 
pass under it. This bracket carries in suitable bearings 
OC, C',a shaft D. The bearing O has extended from it an 
arm ©? carrying the upper bobbin E, The shaft D re- 
ceives motion from the shaft F below the table through 
the chain or pitch wheel F' on the shaft F, the pitch 
chain F* which around the wheel, and the chain 
wheel G. The shaft F is driven through suitable gearing 
from the main driving wheel of the machine, as shown 
in Figs. 5 and 6, Fig. 5 being an elevation drawn to a 
reduced scale,-and Fig. 6 a plan of portions of the 
machine. 

To insure the most satisfactory results in the working 
of the binding mechanism it is necessary to impart to 
the binder arm a peculiar varying or differential motion, 
so that it should move quickly in placing the wire around 
the sheaf, and should pause or remain stationary, or nearly 
so, during the operation of the twisting and cutting me- 
chanism, and should then rise quickly to draw up the 
wire for a fresh sheaf. This peculiar movement of the 
binder arm may be imparted to it in various ways, but 
preferably the arrangement illustrated in the drawings is 
employed, and which is as follows. 

The pitch or chain wheel G is not fixed or mounted 
upon the shaft D, but upon a short shaft or journal G! 
fitted to turn independently of and eccentrically to the 
shaft in a bearing in the bracket B. This wheel com- 
municates motion to the shaft through the interven- 
tion of a crank H keyed on the latter, the pin H! of 





which crank works in the slot G@* in the wheel G. Tho 
other end of the shaft D carries a crank I. The binding 
arm J has its fulcrum or pivot on the pin of this crank, 
and the end J' of the arm is connected by a radius rod 
or link K toa fixed point O*, which is fastened to a por- 
tion of the bracket or arm 0%, as shown. This me- 
chanism, consisting of the crank I and radius rod K, 
connected as described with the binding arm J, causes 
the point or extremity J* of the arm to move in the re- 
quired path, and it will be readily understood that when 
this mechanism is combined with the slotted wheel G 
and crank H, as shown, the eccentricity of the wheel to 
the shaft D will cause the speed of the latter to be 
varied, and consequently the binder arm will move 
through its path with a varying or differential action, as 
above specified. 

The binder arm on its inner edge is preferably formed 
with a convexity or protuberance J*, which assists in 
compressing or holding the sheaves while the band is 
being passed around them. With this construction and 
arrangement of the binding mechanism, the separate 
jointed compressor or compressing bar or lever fre- 
quently employed, may be dispensed with, and the binder 
arm is not encumbered with springs or other parts easily 
liable to derangement. 

This binding arm has a groove J® in its back for the 
wire from the upper bobbin E to lie in, and the wire is 
retained therein by small pins or guards, as shown at J‘. 
The free or pointed end J* of the binding arm is furnished 
with two pulleys or rollers J‘, J*, for the purpose de- 
scribed further on. The spool or bobbin E is provided 
with a take-up device, consisting of a loose circular box 
a enclosing a coil spring, which engages with a stud on 
the end of the spool, the box being held by a strap or 
band 6 provided with an adjusting screw c. 

Attached to the crank I is a delivery arm L, which 
assists to remove the bound sheaves from the table A. 
Below this table is arranged the twisting device and 
mechanism for ting the same. This twisting device 
consists of a flanged whirl or pinion M, supported by its 

M* in a recess in the plate M' attached to the 
lower side of the table A, as clearly shown in Figs. 8, 9, 
and 10, which are sectional side elevations of the whirl 
and adjacent parts drawn to an enlarged scale. Fig. 11 
is a plan or top view of the whirl. By this arrangement 
the whirl is supported, with a capability of free rotation, 
clear of any obstruction below its support or bearing in 
the said plate. Gearing with this whirl is a wheel N, 
and on its shaft or spindle is a pinion O. This shaft or 
spindle is fitted to turn freely in bearings in the table A 
= in a bracket N' pendent from the lower side of the 
table. 
Figs. 12, 18, 14, 15 are plans of the segment and the 
pinion geared with the same, and the function of which 
we will now proceed to describe. 

This segmental rack, which consists of a toothed arc 
or segment on the rim of the wheel P, has a continuous 
circular or rotary motion imparted to it from the shaft F 
through the mitre wheel F? fixed on the shaft, and 
which gears with a similar wheel P" fixed or formed on 
the wheel P, and turning with the same on the stud or 
shaft P*, The length of the arc or segment is sufficient 
to give the required number of revolutions through tho 
pinions O and N tothe whirl M. On the upper surface 
of the wheel P is a raised rim P?, which however does 
not extend behind the toothed portion or segment of the 
wheel. Upon the pinion O is a flange or projection with 
two surfaces 1 and 2, which fit against the rim of the 
wheel P and prevent the rotation of the pinion when the 
teeth of its segment are out of gear with the pinion O. 
The wheel P has on it two striking shoulders or lugs 3 
and 4, which act upon a shoulder 5 on the pinion O. 

In this arrangement the wire guide or carrier lever 
U passes under the whirl and conducts to it the wire 
from the lower bobbin, and a striking pin or piece (6) on 
the wheel P atthe proper moment pushes the lever to 
one side of the whirl. The lever is brought back to its 
normal position by an opposing spring. It is found de- 
sirable to provide means for giving to the cutter con- 
siderable momentum or impetus at the moment when tho 
wire is cut, and for this purpose there is placed on the 
shaft of the wheel N, on which the said cutter is fixed, 
a small flywheel Z. 

Messrs. Howard also prefer to employ in combination 
with the lower bobbin or spool S an automatic intermittent 
brake, which will act to produce friction to prevent the ro- 
tation of the spool except at the moment when the binder 
arm rises, thereby insuring the proper quantity of wire 
being taken from the lower bobbin. For this purpose the 
device shown in Figs. 1 and 7 is employed. In combination 
with the spool S a curved arm S? is employed, which is 
formed to bear upon a flange on the end of the spool, 
and is kept in contact therewith by the spring S*, at- 
tached by one end to the bracket S*, and by its other 
end to the brake lever S*. This spring is regulated to 
exert sufficient pressure on the brake to prevent the acci- 
dental or too free uncoiling of the wire from the spool 
except at the moment when the binder arm rises, at which 
moment the arm F° on the shaft F strikes the brake 
lever S* and raises the brake S! from the spool, thus 
allowing the wire to uncoil or run off freely from the 
spool to permit the required quantity to be taken from 
it to perform the operation of fastening the sheaf. 
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AUTOMATIC SHEAF BINDER AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. J. AND F. HOWARD, ENGINEERS, BEDFORD. 
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MOWING MACHINE AT THE KILBURN SHOW. 


CONSTRUCTED BY MR. WALTER A. WOOD, LONDON. 





In commencing to work with this binding mechanism 
the wire from the upper bobbin is threaded through the 
groove at the back of the binding arm and passed over 
the roller or rollers at the extremity or point of the arm, 
and by hand is twisted with the end of the wire from the 
lower bobbin, which wire has been previously passed up 
through the small hole in the guide lever U and through 
the slot or aperture in the table A. If the wheel or rack 
P is now supposed to bein the position shown in Fig. 12, 
and the wire is engaged with the whirl at the side nearest 
the binding arm, the further movement of the wheel P 
causes the shoulder 4 to act against the shoulder 5 on the 
pinion O and effect a partial revolution of the latter, 
bringing its concave face 1 against the rim of the wheel 
P and turning the face 2 from the same, the pinion O 
being then in the position shown in Fig. 13. These 
movements have the effect of turning the whirl through 
half a revolution, whereby the wire is brought to 
the side of the whirl furthest from the side on which 
the binding arm approaches the whirl. The binding 
arm now descends, encloses the sheaf, and passes 
the wire around the sheaf to the whirl, and into the 
same at the point or place just previously occupied 
by the first end of the wire, which will then be in the 

sition shown in Fig. 9. During the descent of the 
inding arm the wheel or segment P has travelled to 
the position shown in Fig. 14 to engage with the pinion 
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O, and during the pause or slow movement of the binder 
arm produced by the mechanism that operates the same, 
as above described, the segment moves in gear with the 
pinion, and thereby causes the whirl to rotate and twist 
the wire above and below the whirl, as shown in Fig. 10. 
At the moment when the twist is completed the cutter X 
attached to and revolving with the shaft of the pinion O 
passes under the whirl and severs the two wires, leaving 
the wires from the top and bottom bobbin united at the 
lower twist, ready to be drawn up when the binder arm 
rises to recommence the above operations for binding the 
next sheaf. It will be seen that the lower twist is 
just above the upper side of the guide lever U, the 
hole in which is too small to allow the twisted wire to 
pass through. As the binder arm rises the stud 6 in the 
wheel P strikes the lever U, and throws it into the position 
shown in dotted lines in Fig. 10. This movement of the 
lever has the effect of drawing sufficient wire from 
the lower bobbin S to bring the twist above the whirl 
when the lever U has returned to its normal position, the 
free movement of the bobbin at this moment being per- 
mitted by the brake, as above described. 

If the intermittent brake is not used in connexion with 
the lower bobbin the rollers in the extremity or point of 
the binding arm will serve to bring the jointed or inter- 
twisted wires above the table and clear of the whirl, In 
this case the upper wire is passed over the small supple- 





mentary roller in the point of the binding arm, and the 
angle thus formed in the upper wire causes sufficient 
friction or tension to insure the an quantity 
of wire being taken from the lower bobbin, When only 
a single bobbin and wire are used, the appliances above 
described for the lower bobbin are removed, and the special 
clamping device previously introduced by Messrs. Howard 
is employed. 

Messrs. C. and W. Woolnough, of Kingston-on-Thames. 
exhibit their so-called “‘Kingston” binder. Without 
drawings it is impossible to convey a very clear idea of 
their apparatus; but the following description will give 
some notion of the general arrangement. In this imple- 
ment, string is used as the material for tying up, and 
indeed it will be noticed that wire is being abandoned, at 
all events in the majority of English schemes of these 
essentially complicated apparatus, the ultimate value of 
which is scarcely enough, we should imagine, to justify 
so large an expenditure of time and money as the subject 
appears to command. 

Ss Sinton Woolnough’s binder there are two processes. 
The first gathers the corn into a bundle and holds it 
in form while the string is bound round it. This 
arrangement comprises a pair of lifting arms, one of 
which carries a pair of nippers near the point free to 
oscillate on a centre, and in connexion with the nippers is 
a knife for cutting the string. At the extreme point of 
the lifting arm is an arrangement for holding the string 
while the knot is being tied, for which purpose two 
cones come together. When the stalks of corn have been 
delivered to the arms the latter rise and carry the sheaf 
up toasecond set of arms which meet the sheaf and 
compress it into form. These latter are fixed on to a 
shaft which has a certain t of elasticity in order 
to accommodate itself to various quantities of material 
or size of sheaf. When the corn is thus compressed the 
second or tying-up portion of the mechanism comes into 
operation. This consists, first, of a curved fork, which 
has imparted to it a vertical and oscillating motion as 
well as a rotary motion; this fork takes hold of the 
string, and by means of the motion which it receives, 
forms it into a loop; and, secondly, it also comprises a 
pair of reciprocating spree which advance and pass 
through the loop and take hold of the free ends of the 
string and draw them back, thus forming a knot. 

Tho operation is performed as follows: The string 
from a reel passes over a spring detention pulley, the end 
being held in the jaws of oscillating nippers attached 
to the arm, and when the arm descends to receive the 
sheaf of corn the string is drawn out with it and the 
corn is deposited upon the string. On the arm rising 
the string is brought round and over the sheaf, and the 
double string enters a holder, which is situated at the 
extreme end of the arm. In this position the fork takes 
up the doubled string and twists it into a loop, at the same 
time drawing forward the oscillating nippers which hold 
one part of the string, also drawing a sufficient amount 
of string from the recl for forming the loop. At this 
stage the oscillating nippers let go the string, and imme- 
diately take hold of the string which comes from the 
reel, cutting the same on the sheaf side, but holding the 
end in their jaws ready for another operation ; at the same 
time the reciprocating nippers advance and take hold 
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of the two liberated ends of the string and draw them 
through the loop. All the.parts then return to their 
normal positions, and the knot is tightened as close as 
possible to the sheaf by means of a spring, the bound 
sheaf falling to the ground behind the machine. 

Mr. Walter A. Wood has as usual a very fine collection 
of reaping and mowing machines, and amongst the latter, 
one combining several novel features which we illustrate 
on the preceding page. The machine is extremely light 
and well-balanced, and in it the ordinary mode of driving 
by gear on the carrying wheels is dispensed with. These 
wheels are mounted loosely on a main axle, but are caused 
to turn therewith by pawl and ratchet mechanism upon 
their inner faces when the machine is moved forward only. 
The main axle is enclosed in a sleeve or hollow casting, 
the exterior upper portion of which at the rear has lugs, 
to which another casting is secured by a couple of pins 
asa double hinge joint. This second casting has a recess 
in its upper face for the reception of the rear end of the 
pole or tongue, and a socket for the stem of the driver's 
seat, the lower part of which becomes jammed by the 
close fit of the pole. 

The lower front portion of the sleeve has a projection 
or leg at an angle towards the front, where a plate of 
curved form is attached, within which the pitman or 
balance wheel rotates, the upper part having a shield to 
prevent the entry of grass, &c., that would tend to block 
or retard the working of the machine in the field. 

This projection or leg is hollow, and has a shaft within 
it for carrying the shaft of the pitman wheel, and also the 
bevel pinion by which itis driven. This pinion receives 
its motion from a bevel wheel, mounted loosely upon the 
main axle, which also carries loosely the main spur wheel, 
which is controlled by a clutch, the lever of which is 
placed within reach of the driver’s foot. This main spur 
wheel gears into a corresponding pinion on a separate 
shaft, this having also a spur wheel upon it in gear 
with a spur pinion, which is in one piece with the 
bevel wheel before referred to. This of wheels jis 
enclosed in a box partly formed in the casting of the 
main frame and partly by a hinged lid, which can be 
thrown open easily to admit of the parts being lubri- 
cated when desired. The enlarged views on the preced- 
ing page show the arrangement —_— 

The front end of the curved plate has a bar bolted to 
it, and its front end is looped or jointed to the shoe in 
advance of the line of thecutters. The loop enables the 
shoe carrying the finger bar to be turned up as upon a 
hinge joint, in conjunction with the joint upon the flat 
plate in the ordinary manner for the purposes before ex- 
plained. The bolt connecting the inner shoe to the flat 
plate has a long link fitted to and attached to the lift 
chain, the chain itself being attached to the finger bar 
and its upper end fitted to a grooved quadrant, the lever 
of which is within reach of the driver in the ordinary 
manner. The chain and link alone bear the weight 
of the finger bar and adjacent, also the knife sec- 
tions, when the fin ar is turned up. 

The Walter A. Wood Company, besides reaping and 
mowing machines, exhibit their ordinary form of sheaf 
binder which has figured well in many shows and trials, 
and also a new one, which has only just arrived from 
America. Several details have been modified in the 
former, such as a new tension on the wire spool, the ad- 
dition of a pair of removable travelling wheels for con- 
veying the machine about, and a combination of a pitched 
chain, pulleys, and ratchet wheel, worked by a lever for 
raising or lowering the height of the machine. A simple 
improvement has also been added to their controllable 
raking reaper, consisting of the addition of four loose 

ins which fit into holes in a ring beneath the roller path. 

n revolving the gates of the latter strike against the 
pins and are thrown open, so that the rakes may be 
changed into beaters at once. 

The Osborne sheaf binder, exhibited by Messrs. §. 
Whiteside and Co., of Liverpool, and manufactured by 
D. M. Osborne and Co., of Auburn, N.Y., is also shown. 
This is a wire binder, and is of a very complicated cha- 
racter. The following description may serve to give a 
general idea of its arrangement: To carry the cut corn 
to the receiving platform an endless apron is provided, 
its length somewhat exceeding the length of the cutter 
bar, behind which it is arranged and supported on rollers 
at each end; these rollers are placed at right angles to 
the cutting apparatus, and are supported in bearings. 
Motion is imparted to the apron by a band attached toa 
pulley on its shaft, the motion of the upper surface of 
the apron being from the outer end of the cutting appa- 
ratus towards the driving wheel. To elevate and carry 
the crop over the driving wheel two endless aprons are 
provided and arranged on the frame parallel to each 
other, and inclining outwards, sufficient space being left 
between them for the upward peemee of the crop. These 
aprons are we on rollers which have suitable bear- 
ings in an inclined frame, The lower ends are so placed 
as to receive the crop from the first apron, and long 
enough to carry the crop over the driving wheel and de- 
liver it on a platform outside of the wheel, this platform 
being supported in nearly a horizontal position. The 
aprons have light ribs fastened across their surfaces to 
assist them to hold and carry up the grain. The con- 
tiguous surfaces of the aprons have a common upward 
motion imparted by gearing together the shafts of the 
upper roller; one of these shafts carries a band wheel ; 





a belt is passed around this wheel and around a band 
wheel on the shaft of one of the rollers of the apron be- 
hind the cutting apparatus, and also around a pulley on 
the crankshaft. This band wheel shaft is connected 
with the main driving wheel by the train of gearing that 
vibrates the cutters, and consisting of the crankshaft 
and its pinion, a bevel wheel gearing with it, on whose 
shaft is a pinion which gears with a wheel connected with 
the main wheel; this pinion carries a clutch for throw- 
ing the mechanism in and out of gear. For binding the 
crop in bundles a frame is provided which is;supported 
in guide pieces attached to the main frame outside of the 
driving wheel, At one end of this frame is supported 
in bearings nearly in a vertical position a shaft, to which 
is attached an arm, extending from the shaft at right 
angles, and carrying at its outer end the gripping, cutting, 
holding, and twisting mechanism, and the wire of which 
the band is made. This mechanism is arranged as fol- 
lows: A double hook with bevelled edges is fastened to 
a shaft a short distance from its end, and on the end of 
the same shaft is fastened a similar double hook. The 
shaft is inserted in a metal frame or block, to the up 
face of which is fastened a plate with its edges bevelled 
reversely to those of the first hook; this hook revolves 
in close proximity to the plate, and with it makes a double 
shearing hook for cutting off the wire. A finger is 
pivoted to the block by one of its ends, its other end 
being bevelled and of the proper width to enter between 
the two hooks, and rest on the shaft against which it 
is pressed by a spring, so that in the reverse move- 
ment of the twisting shaft it will act as a clearer to 
remove any fibres or straws that may accumulate around 
it in twisting the wire. A pinion is fastened to the 
ty ed end of the shaft on the side of the said frame 
or block opposite to the twister. To the side of this 
block is fastened a piece of steel to form an open mortice. 
This block or frame is bolted to a bracket on the end of 
the arm previously described, with the shaft nearly 
vertical, and the top of the upper hook far enough below 
the top of end of arm, which is in form of an open box to 
give space for length of wire enough to form a twist. 
Above the twisting hook is fastened a double plate or 
pair of plates with sufficient space between them for the 
movement of a gripping finger. These plates have a 


vertical Y-shaped opening, and a finger is so pivoted to| 4 


the plate and twister frame that the projecting end of the 
finger will swing in between the plates, and across the 
V-shaped opening, and will clamp or grip the wire. 
This finger is operated by a connecting rod pivoted to it, 
and its other end to a short arm on the under side of the 
arm that carries the twisting devices. In the open 
mortice at the side of the twister block is inserted a flat bolt. 
The upper edge of the bolt, a short distance from its end, 
has a Scoh-chaped notch cut in it, and this notch with 
the mortice in which it is inserted serves to grip and hold 
the end of the wire while the needle is conveying the 
wire around the bundle. The other end of this flat bolt 
is rounded, and has a spring for forcing it into the 
mortice, and holding it in this position. To release it at 


‘the proper time the round end is connected to a short 


lever, which has a friction roller on it, and is worked by 
a cam, 

A sector rack is so pivoted to the under side of the 
twister arm as to gear with the twister pinion, and a 
friction roller pivoted to its under side projects into a 
cam-shaped groove in a frame fastened to the binder 
frame, and below the twisted arm and parallel to the 
plane in which it oscillates. This groove is of such a 
form that in the oscillations of the twister arm it will 
give a swinging movement to the sector rack at the 
proper time, sufficient to allow each hook to seize its 
separate wire, and sever and then twist the wires to- 
gether for fastening them after surrounding the bundle. 
To a ear onthe cam frame is pivoted a cam piece, against 
which the roller on the lever that works the flat holding 
bolt strikes at the proper time to open it, and releases the 
end of the wire, and seizes the wire brought down by the 
needle arm. Another pivoted arm is so arranged that 
the roller on the arm which works the connecting rod of 
the gripping finger will strike it at the proper time to 
seize the two wires as they surround the bundle, and 
grip and hold them freely so that they may be severed 
and twisted together; it then opens and releases the 
twisted ends of the wire for the discharge of the bundle, 
and holds them until the proper moment arrives for again 
closing them. 

To the top of the shaft, from which the twister arm 
projects, is hinged an arm carrying the needle above re- 
ferred to, having near its point an open mortice, in which 
two friction rollers are pivoted, This needle is so 


fastened to the arm as to be nearly vertical when its point | treated by 


is near the twister. Another friction roller is fastened 
to the side afm at its bend above the needle, and a sleeve 
to its side connected with a spring, and to this sleeve is 
fastened the ends of a cord or band long enough to pass 
around a grooved shive placed at the lower end of the 
wire spool, which is mounted on a spindle inserted in the 
hin, end of the needle arm. A connecting rod 
pivoted to this needle arm is extended downward, and is 
attached to a lever hinged to the lower end of the shaft 
whereon the needle arm hinges. The other end of this 
lever is pivoted radially to a hub on a gear wheel, which 
is overhung, and has a shaft, the centre of which corre- 
sponds with the hinged point of the other end of the lever. 


The rotation of this wheel by means of the lever hinged 
to the shaftof the twisted arm gives to it an oscillating 
or to-and-fro motion on the said shaft, and at the same 
time the needle arm receives an up-and-down movement 
by means of the connecting rod which unites the two, 
This connecting rod extends above its point of con- 
nexion with the needle arm, and has on its end a shive. 
Motion is imparted to the wheel to which the lever is 
pivoted by a feathered pinion on a grooved shaft arranged 
parallel to the shaft of the gear wheel. This shaft is 
driven by a sprocket wheel and chain, connecting it with 
another sprocket wheel on the crankshaft inside of the 
crank-head. On the shaft to which the first-named 
sprocket wheel is connected is also a clutch, having teeth 
which lock with teeth on the sprocket wheel. This clutch 
is connected by levers and links to a treadle near the 
driver’s seat, so that he can disconnect the clutch from 
the sprocket wheel for stopping the binder, and if his 
foot is removed from the treadle a spring on the shaft 
forces the clutch towards and locks it with the sprocket 
wheel; then its shaft revolves and operates the binding 


r | mechanism. 


In threading the wire in the needle it is first passed 
from the spool around the sliding shive, then around the 
shive in the top of the connecting rod of the needle arm, 
then to the shive at the bend of the needle arm, and down 
the needle, and through between the shives near its 
point, and then to the holding jaw below the twister. 

(To be continued.) 





Tue WoRtp’s Pia Inon.—The production of pig iron 
throughout the world stood in 1855 at 6,889,906 tons. In 
1872, the corresponding production was 14,470,358 tons ; 
and in 1873, 14,706,459 tons. In 1877, the corresponding 
aggregate had declined. to 13,807,725 tons. 


Hotiway’s MeTauturaicat Process.—The Council 
e Soci , in their annual report, state that 
looking at the character of all the pa brought before 
the Society during the year the Council feels that they will 
com favourably with those of any previoussession. It 
would take too long to discuss the respective merits of all 
the nee which have been read since Christmas, they 
were all of considerable value ; but amongst them are some 
eserving special mention, and in Mr. Hollway’s paper on 
‘* A New Process in Metallurgy,’’ were embodied the re- 
sults of some of the most important experiments which 
have recently been made in that science. Mr. Hollway 
pro to reduce metallic sulphides by aang the ore itself 
as chief fuel for the reduction. This is done by forcing 
a current of air —— the molten sulphides. At first the 
combustion is started by using coke, but afterwards it is 
found that sufficient heat is generated by the oxidation of 
the sulphides, without any further addition of carbon. The 
process has not yet passed beyond theexperimental stage, but 
should it prove a commercial success, it will effect a most 
important economy in one of the largest industries in this 
kingdom. So great was the interest aroused by Mr. Holl- 
way’s paper, that it became necessary to devote a second 
evening to its discussion ; on both occasions the room was 
crowded, and the discussion was of an important and in- 
fluential character, the rr expressed being almost 
meen | favourable. all the papers read before the 
Society during the year, Mr. Hollway’s is the one the 
Council consider the most remarkable and the most im- 
portant. Should the processs at all carry out the expecta- 
tions of its inventor—and he is supported by some of our 
leading chemists—it will add one more to the many £ 
inventions which it has been the constant aim of this 
Society to introduce to the world.—Society of Arts Journal, 
27th June, 1879. 


PacHam Harsour.—The utilisation of waste lands in 
Great Britain is one of the questions of the day, and an 
example of what can be done in this direction by spirited 
private enterprise, and which is being rewarded by capital 
results, is the reclaiming of some 750 acres of land which 
once was a harbour on the Sussex coast. The first step 
taken was to make an embankment or sea wall, to get the 
soil drains into an open bed in the centre of the harbour, 
the outlet at which is controlled a@ sluice which is 
automatically closed at high water. Next came the process 
of cultivation, This was first attempted with horses, but 
the soil of a great of the reclaimed land is close and 
muddy, and one of the essentiuls of its successful culture 
is to loosen and lighten the top soil so as to admit the air 
and rays of the sun. Ploughing with horses did not satis- 
factorily effect this, because after ploughing and harrowing 
a shower of rain ca it to run together again. It was 
then decided to apply steam power to the work, and the 
result has been remarkably successful ; —_ up and 
thoroughly ing the soil to a depth of 10in. The 
land thus treated keeps light, and does not run together 
again, and the condition of the corn sown on lands thus 

steam power, is remarkably superior to that 
on the same class of land worked by horse power. Of 
course from the soft muddy character of the soil, it would 
be impossible to travel engines over it, and benefiting by 
the experience of a somewhat similar operation carried out 
at Barth on the Welsh coast a few years ago, the pro- 
prietor resolved to adopt the same system as that ad 
at Barth, namely, that of Howard. The engine is 
ona which has been made alongside the 
lands, the ropes being passed round the pi to 
vated, two travelling anchors taking the place 
men. During the past season a large number 
were ploughed and cultivated in this bin G ‘ 
ripening 
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SOUTH AMERICAN NAVIES. 

THE most important episode that has occurred in 
the war onthe South American coast is the naval 
engagement that was fought off Iquique on the 21st 
of ‘May last. The first reports concerning it had 
reached this country when we published an article 
upon the belligerent fleets on the 6th of June last; 
but, as we said at the time, we refrained from com- 
menting upon them till some more definite and 
reliable intelligence was forthcoming. The vessels 
known to be engaged were the Peruvian ironclads 
Independencia and Huascar, and the Chilian vessels 
Esmeralda and Covadonga. The Independencia was 
described by us on page 483 of our last volume, and 
we now give on the next page a sketch of the Huascar. 
The Esmeralda and Covadonga were unarmoured 
vessels, and not even the best of their class that the 
Chilians possess, as they have much finer ships in 
their O’Higgins, Chacabuco, and es, The 
Esmeralda was a wooden sailing vessel of about 800 
tons, fitted with auxiliary steam power, and armed 
with twelve 40-pounder Armstrong guns, and the 
Covadonga was a smaller vessel of the same class, 
which was captured from the Spaniards by the 
Esmeralda in 1866. The Covadonga is not more than 
about 500 tons, and is armed with two 70-pounders 
and some smaller guns. 

It was very surprising to hear as a result of such 
an unequal engagement that the ironclad Inde- 

endencia was sunk, and the Esmeralda blown up by 

er own commander, while the little Covadonga got 
away, the Huascar apparently having done nothing. 
Some of our contemporaries were puzzled to know 
how the Covadonga, a small frail wooden craft, 
could have sunk the iron built Independencia, and 
indulged in ingenious speculations as to the i- 
bilities of ramming her without sinking herself, and 
of getting alongside of her in such a way as to fire 
her 70-pounders into her with impunity. A daily 
contemporary said, ‘ It will be highly interesting 





enough to expect to learn this very soon, and, as we 
anticipated, nothing has occ yet to throw any 
light upon such a curious problem. The latest in- 
telligence makes the matter very simple. Itappears 
that the Esmeralda was rammed and sunk by the 
Huascar, and that the Independencia was wrecked 
upon a sunken rock while chasing the Covadonga. 

e Huascar was obliged to go and look to the Inde- 
pendencia after she had disposed of the Esmeralda, 
and this gave time for the Covadonga to get away, 
although the latter vessel was so riddled by the In- 
dependencia’s fire that it was with the greatest diffi- 
culty her commander got her as far as Autofagasta. 
Captain Thomson, the commander of the Esmeralda, 
leaped on board the Huascar with some of his men 
upon his own ship being struck, but they were all 
shot down after a desperate resistance, in which a 
lieutenant of the Huascar was killed. Fortune has 
thus been very favourable to the Chilians, They 
have lost one of their inferior unarmoured vessels, 
while the Peruvians are deprived of one of their 
finest ironclads, not by the act of the enemy, but by 
a stroke of ill-luck or else through careless naviga- 
tion. The Independencia was of an obsolete type, 
and much inferior to the two Chilian ironclads; but 
except against these she would have been of over- 
powering strength. She was plated with 44 in. of 
armour, and armed with two 150-pounders and 
twelve 70-pounder Armstrong guns. 

The relative position of the two combatants has 
become better for Chili. She has her two powerful 
ironclads Almirante Cochrane and Valparaiso—or 
‘¢ El Blanco Encalada” as the latter now appears to 
be called—of which we gave an illustrated descrip- 
tion on the 25th of December, 1874, and which were 
again described by us on the 6th of June last. She 
has also the two powerful corvettes O'Higgins and 
Chacabaco, which are each 218 ft. 6 in. in length and 
33 ft. 4in. in breadth, with engines of 300 nominal 
horse power and a speed of 12 knots. They were 
originally armoured with 4in. plates at the water 
line, though these appear to have been removed. The 
M es is a barque-rigged composite corvette, 
190 ft. in length between perpendiculars, 28 ft. in 
breadth, 1100 indicated horse power, with a speed. 
of 11 knots. She is armed with two 64 ton and two 
20-pounder Armstrong guns. Besides these vessels 
there is the Covadonga, which is now in a crippled 
state, and five of an inferior class, together with a 
training ship. 

The Peruvians now appear to have only one really 
peees vessel in serviceable condition, viz., the 

uascar, and, as will be seen by our previous 
description of the two Chilian ironclads, she is 
much inferior to them, She is an armour-clad 
monitor built by Messrs. Laird Brothers, of Birken- 
head, in 1866. The diagram on the next page shows 
the generalarrangement. She is 190 ft. in length be- 
tween endiculars, 35 ft. in extreme breadth, and 
19 ft. 9 in. in depth of hold. Her builder’s tonnage is 
1101, and indicated horse power 1500. Her draught 
of water is 15 ft. 6in., and her maximum speed is said 
to be 12 knots when her boilers are in good condi- 
tion, and the bottom is clean, Her usual speed 
under good working conditions is gon A not 
more than 104 to 11 knots, She is propelled by 
a single screw. The Huascar is a rigged two-masted 
vessel, the foremast being upon 
tripod principle. Her free , or height of deck 
above water, is about 5ft. She carries two 300- 
pounder Armstrong guns in one turret, which is 

rotected by 54-in. armour plating upon a teak 

acking of 14in. The sides are protected by armour 
plating 4}in. thick amidships, tapering to 2} in. at 
the extremities, which is also worked upon a teak 
backing of 14in. There is an armoured pilot tower 
of hexagonal form abaft the turret from which the 
ship is worked in action; and the openings in the 
deck are protected by 2-in. iron plates that are 
shipped in the openings for skylights or hatchways. 
The Huascar is an iron-built vessel, and at the time 
she was built was most perfect in all the appliances 
of defence, and in her internal arrangements. 

The Peruvians have two other ironclad monitors, 
the Atahualpa and Mancocopac; but these do not 
seem to be in a condition to take an active part in 
the war. They were purchased from the American 
Government some years ago, and are wood-built 
with armour plating, Po the laminated system 
peculiar to America, ey each carry three 500- 
pounder guns, which are probably smooth-bores of 
the American pattern, and are said to possess a 


aptain Cole’s| also 


were in good fighting condition they would probably » 
be of little service. Besides these vessels the Peru- 
vians have two gunboats, the Victoria and Loa, two 
fine screw corvettes, the Union and America, three 
screw frigates of the old type, and seven paddle 
steamers. All these ships are built of wood. 

The Argentine Republic has long had disputes 
with Chili, and has been establishing a formidable 
navy. She is taking the present opportunity of en- 
forcing her claims, and according to reports from 
Buenos Ayres, they are being enforced in a manner 
which is very likely sooner or later to lead to war. 
There is a strong war feeling prevalent in Buenos 
Ayres. It is now reported the Chilians have 
consented to give up the claim to the Patagonian 
territory which has so long been a subject of dispute 
with the Argentine Government; but it is by no 
means certain that this will be sufficient to allay 
the popular excitement. Ifthe Argentine Republic 
should declare war against Chili, the vessels they 
could send round to strengthen the Peruvian fleet 
would enable them to command the sea-coast, and 
— matters wy different a 

e Argentine ublic possesses two very power- 
ful ironclad eats El Plata and Los des, 
which were built at Birkenhead by Messrs. Laird 
Brothers in 1875. Of these we give an illustration 
on the next page. They are 188 ft. in - 44 ft, 
in extreme breadth, and have a draught of water of 
10 ft. 6 in. They are propelled by twin screws 
driven by engines which indicate 750 horse power. 
Their speed is low, being only about nine knots, 
They are armed with two ane Armstron 
guns in one revolving turret, which is plated wi 
armour 9 in. thick, The sides are pro by armour- 
plating 6in. thick, These vessels are not rigged, 
and have a freeboard of about 3ft. The guns and 
armour of these vessels make them very formidable, 
and would enable them to fight a £ battle with 
the Chilian ironclads. They have their weak points, 
which are low speed and small coal supply. They 
are primarily coast-defence vessels, and would be 
most valuable for operating upon such a coast as 
that of Peru. 

The Argentine vegggls next in importance are the 
twin-screw iron gunboats, Constitution, Republica, 
Bermejo, and Pilcomayo. The two former were 
built by Messrs. Laird Brothers in 1875, and the 
two latter by Messrs. J. and K. Rennie, of Green- 
wich. They are of a similar type to Her a 
gunboats, Staunch and Comet, and similar also to 
the gunboats building by Messrs,{.C. Mitchell and 
Co. on the Tyne for the Chinese Government, They 
are 105 ft, in length between perpendiculars, 30 it. 
in extreme breadth, and have a draught of water of 
7 ft.6in. Their pay seen is 440 tons, and they 
havea —_ of 9 to 94 knots, with an indicated horse 
power of 420. They are schooner-rigged, and each 
carries one 26-ton 600-pounder Armstrong gun. This 

‘is carried upon a movable — which is 
owered down into the bottom of the vessel with the 
gun upon it when at sea, In fighting condition the 
platform is raised to the level of the deck, and the 
fun can then be fired straight ahead over the bow. 
ere is no means of training the gun, which is 


fixed in direction upon the deck of the ship. It has 
to be laid by a ship. The Argentines 
two small iron corvettes, the Parana 


and Uruguay, three wooden screw vessels, and 
several small wooden paddle boats, 

The Argentine Government appears to be provid- 
ing against contingencies, by — steps to procure 
a vessel that shall be more powerful, and have all the ~ 
seagoing qualities of the Chilian ironclads. Their 
present monitors and gunboats would be very for- 
midable if —~ could always be where they were 
wanted and e sure of good weather for fightin 
in, But as the Chilian vessels are much faster, an 
can keep the sea over a — length of time, the 
could keep clear of a combined force of these sma 
vessels if they wished, or, on the other hand, they 
could, te a t extent, choose their own time and 
conditions for fighting them. The vessel that is 
now being laid down is said to be 250 ft. long and 
50 ft. broad. Her draught of water is about 20 ft., 
and her displacement over 4000 tons. She is to be 
ee with from 8 in, to 10 in. of armour, and to 

m—€7 a t of a new 11} ton 
guns. is to have a pow battery, 
and to be as @ cruiser, Sheis to be a twin- 
screw vessel and to have a of 14 knots, It has 





been stated that some of the officials at the Ad- 
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miralty were being employed by the Argentine 
minister to design this vessel, and though it was 
emphaticall denied by Mr. W. H. Smith in the 
House of Commons that such was the case, it is 
8 eee nae It is certain 

t Mr. Smith would not knowingly convey a false 
impression upon such a matter; but the matter will, 
however, doubtless form the subject of inquiry, and 
if any of the subordinate officials at the Admiralty 
should be shown to have been in the employ and pay 
of foreign Governments, the extent to which this is 
so will be determined, and such a grave irregularity 
will doubtless be corrected. 

This vessel will be the most powerful upon the 
South American coast when she is completed, and 
the powers who may have reason to her 
appearance there may congratulate themselves upon 
the fact that the time required for her construction 
will most likely prevent this taking place before 1882. 
With such a vessel to take the lead the — 
fleet will be the most powerful of all the er re- 
publics. The new vessel will have more powerful 


guns and | ormepd than the Chilian ironclads, 
and in addition will be able to fight torpedoes. She 
hilian iron- 


will also have thicker armour than the 
clads. 


These bellicose Pe cg hardly appear to be 
in the interest peace. They point rather to 
further disturbances in the future, supposing even 
that the present disputes are ed up for a time. 
The war that is in progress eS merge as 
vigorously as the resourees of the belligerents will 
permit, and the insignificance of the results, as yet, 
is certainly not due to the lack of ferocity on either 
side, The officers and crew of the Esmeralda 
fought to the last against the Huascar, and only 
25 to 40—according to different accounts—were 
taken prisoners. The remainder, about 160, were 
either killed or went down with the ship. The 
outcry that was at first raised against the unneces- 
sary damage done by the Chilians in bombarding 
Peruvian ports has somewhat subsided; and there 
must by this time be a neutral force at hand 
to watch over this and protect neutral interests. 
H.M.S. uoise sent home news of the battle off 
Iquique, and H.M. shi Triumph and Opal, which 
left Vancouver's Island for Chili in the middle of 
— must have arrived there before this. 

e latest accounts state that the Huzscar is sail- 
ing up and down the Chilian coast, and causing 
much anxiety there. She has captured a Chilian 
transport and subjected Autofagasta to a short 
bombardment, The bulk of the Chilian squadron 
was at Pisagua when last heard of, and a fight 
between the two fleets was daily expected, 





THE IRONFOUNDERS’ SOCIETY. 

THE above-named Society was established in 
February, 1809, at Bolton-le-Moors in Lancashire. 
It is one of the oldest trade unions in the country 
having a continuous history. During the seventy 
years of its existence it has seen many vicissitudes ; 
when it was first formed, and for the succeedi 
sixteen years, it was an illegal association, an 
every member who joined it was liable to a criminal 
prosecution under the Combination Laws. It is 
said that in the troublous years meray | 1824, the 
officers of the Bolton Lodge used to bury their 
books and documents on the Town Moor, in case of 
a strike, lest a raid should be made on their homes, 
or on the house where the lodge accounts were kept. 
In 1834 six Dorchester labourers were transported 
for doing that which every member of the Iron- 
founders’ Society did, and had being doing, for over 
twenty-five years prior to that date. 

The admiasion of members into the Society is 
regulated by a graduated scale of entrance fees, 
ranging from 25s., for those from 20 to 21 years of 
age; up to 32 lls. for those between 44 and 45 
years of age; the yearly increase being at the rate 
of 1s. for every year up to 31, 2s. up :o 37, and 3s. 
above that age. The contributions are ls. weekly 
for full benefit members, 8d, weekly for partial 
benefits, and 6d. week for what are called third- 
class members ; the benefits being proportionately 
less according to the reduced scale of weekly pay- 
ments, Those who enter the Society after they are 
36 years of age have to pay an additional amount, 
age be 1}d. to 3d. per week up to the age of 
45. ccident and other levies are in all cases 
extra. 


The benefits are as follow : Sickness 9s, per week 
for 13 weeks ; 8s. for 13 weeks ; 7s, for 26 weeks ; 5s. 
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ARGENTINE IRONCLAD MONITORS 


for 52 weeks; and 3s. so long as the illness con- 
tinues, Superannuation allowance is from 3s. 6d. to 
5s. 6d. per week, according to the term of member- 
ship. e funeral benefit is 10/. for a member, and 
5/. for a member's wife. 150/. are given in case of 
accident, which is 50/. more than in any other 
society. Members out of work are paid 9s. per 
week ; those who emigrate have their paid 
and a grant of 1/, ‘The strike pay is ils. r week, 
with 2s. extra for the wife, and ls. 6d. ie every 
child under 12 years of age. 

Strikes are infrequent, as a rule, in the Iron- 
founders’ Society ; the strain on its resources, how- 
ever, in the shape of support to unemployed members 
has been unprecedentedly heavy in some . For 
example, in the eventful period which followed the 
great failure of Overend, Gurney, and Co., and the 
general depression in trade from 1866 to the end of 
1869, the amounts paid to those out of work were: 
In 1867, 35,273/.; in 1868, 31,551/.; in 1869, 24,886/., 
or a total in three years of 91,730/. During a 

rtion of those three years the members who were 
in work paid double contributions, and those who 
had por by wary lent it to the Society, so as to meet 
the that were made upon the funds ; the loans 
and debts at the end of 1867 amounted to 5450/., 
only a nominal balance of 650/. being in hand to 
meet its liabilities. 

The report for 1878 just issued is the 69th 
annual ; it extends to 168 pages, 78 of which are de- 
voted to branch reports, 24 to an epitome of the year’s 
cash account, 12 to a list of members admitted and 
excluded, 12 to a record of all trade disputes during 
the year, and 5 to the list of deceased members, In 
addition to the eee there are 48 of 
= agama matter, tables, summaries, and the 

e. 

At the end of the year 1878 the Society had 112 
branches, and 12,620 members. The number of 
branches are the same as in 1877, the number of 
members have increased by 18 after allowing for 
deaths and exclusions, In point of numbers the 





‘EL PLATA” AND “LOS ANDES.” 


Society has been nearly stationary for the past three 
years. The number of new members Pidmitted 
during the year was 606, those excluded 374, lost by 
death 163. 

The total income for the year, from all sources, 
was 36,4177. 10s. 8d.. The various items constituting 
this amount were : Contributions, 30,755/. 17s. : 
entrance fees, 782/. 6s. 113d. ; fines, 354/. 18s. 8d. ; 
ge — gear | 18s. ce a p< wages levies, 

. 68. 7d.; auxiliary levies, strike purposes, 
881/. 14s. 74d.; bank interest, 1366/, 7s. ; cogliaats 
to widows’ fund, 23/. 3s. ; honorary members, under 
the head of acknowledgment, 107/. 0s. 10d.; income 
from sale of reports, monthly and annual, rules, 
cards, emblems, &c., 512/. 98. 7d.; railway fares 
repaid, 123/. 10s.8}d. The balance was e up of 
miscellaneous items and cash returned. 

The total expenditure for the year was 
56,9797. 48. 114d. The chief Bo a ay were made 
under the following heads: Donation benefit and 
travelling relief, that is to members out of work, 
38,486/. 14s. 7d.; in 1877 the amount so paid was 
35,3377. 10s. 5d., being an increase last year of 
3149/. 48. 2d. At the commencement of the year 
1768 members were on the fund, at its close there 
were 2615; on an average, throughout the year, 
1842 were receiving this benefit each week. Sick 
benefit cost the Society 6520/. 18s. 1ld.; super- 
annuation, 36537. 12s.; funerals, 2005/.; accidents, 
1619/. 14s.; grants from the benevolent fund, 
185/. 10s.; railway fares advanced to members, 
119/. 7s. 2d.; making a total of 52,590/. 16s. 8d. for 
benevolent purposes alone during the year. 

The total cost of strikes to the Society was 
736/. 5s. 9d. ; or if we add the ts given to other 
trades for similar purposes, 165/., it will amount to 
9014. 58. 9d. In 1877 trade disputes cost the Society 
689/. 18s. 9d.; being a total in two years of 
1591/. 48. 6d. This item is insignificant when com- 
pared with the preceding figures. 

‘ The management expenses are thus accounted 
or: 
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ICE-MAKING MACHINERY AT THE KILBURN SHOW. 
CONSTRUOTED BY THE ATLAS ENGINE COMPANY, ENGINEERS, BIRMINGHAM, 
(For Description, see following Page.) 














The balance in hand at the close of the year was 


HYDRAULIC VALVE AT THE KILBURN SHOW. 38,8947. Os. 9d. At the end of 1877 it was 
. 7 59,5257. Qs. 54d., a decrease on the year of 
CONSTRUCTED BY MESSRS. T. H. P. DENNIS AND CO., ENGINEERS. CHELMSFORD. 20,631/. 9s. 34d. ’ The report dees not a the 


arrears of members, but if it be taken at about 10 
per cent., which is the average for other societies 
it would make the total worth of the Society 
42,5497. 

The income and nditure of the executive 
committee are separately given, although the totals 
are included in the eral accounts. The income 
was made up of ttances from certain branches ; 
one sent 412/, 98, 11d., one 200/., three 100/. each, 
twenty 50/. each, and one 30/. The remainder was 
from small items. The expenditure included cost 
of fifty-two committee meetings and travelling 
expenses, 40/. 48. 6d.; salary of general secretary, 
1307. ; assistant, 109/. 48.; rent, 86/. 9s.; printing 
as before given, and a few small items, me idea 
can be formed of the cost of printing when it is 
stated that 83,950 copies of the monthly reports, 
eight pages each, were sent out, and 12,500 copies 
of the annual, consisting of 168 pages each ; besides 
some 60,000 notices, circulars, schedules, lists, sheets, 
cards, and other matters. 

The death list includes 163 members, and 92 
wives; heart and lung diseases were the principal 
complaints from which they suffered, Every detail 
as to date, age, and cause of death is given in the 
obituary. 
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eines — . £2 «4. Basesline and appeal committees an 4 o 4 e The total amounts Lager for benevolent purposes 

ing, stationary, postage, parcels, — CXPCNSCS ... ve see one, quite irrespective of strikes or labour disputes, 
telegrams, money orders, -- 862 6 5 Rent of offices and club rooms, in- : : ; 
aes: cluding coal, gas, rates, and taxes 496 2 0} | Curing the past 31 years, are thus summarised ; 
wnaeeeeain, branches and general 3223 7 7 Donation (out of work) benefit  429,14010 3} 

0: 1ce@ eee eee tee -- 1142 11 24 Sick benefit 113,856 13 54 
Presidents for the whole of the Of this amount 512/. 9s. 7d. was returned as Su: ieee >>. 44.441 10 8 
anes — h - f - 107 4 6} income by sale of reports, &e., leaving 2710/. 18s. Funeral benefit... om ons 33,475 5 

‘one or the whole of the 4416 0 only as the total cost of management, under 7} per ‘Accident benefit et AS 24,451 11 34 
Auditors for the whole of the ; cent. of the annual income of the Society. : —_—_—_—— 

branches and for general office 105 13 11} Defalcations and law expenses was a heavy item _ Totals i. ... 645,865 11 1g 
Beosial audits .. ww. iw. 914 8 in last year’s account, no less than 349/. 6s. 5$d.| In addition to the above, 4712/. 3s, was 7 in 

isiting stewards (chiefly sick being returned under these two heads, The re-| emigration benefit, in twelve years; the heaviest 

a. Ae a 4 = : mainder of the expenditure is composed of a number | amounts being expended in the years 1867 and 1873 
Banking expenses somali “ "9 13 0 of miscellaneous items, too unimportant to need | respectively. 5 . 

Delegation expenses \.- .- 22 47 3 2 special remark. ith regard to the present stagnation in the iron 
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trades the report remarks: ‘‘The two past years | having in addition a new fore upon which | be set to any desired angle. By this means both 
the head of the plough is hung, and this facilitates | sides of a hedge can be cut from the road along 


have been years of gloom and ——- in the iron 
trade, We are told that the trade has gone out of the 
country. When we look around to find where it has 
gone, we discover that all the countries of the world 
are suffering like us from the same cause—no trade ; 
all is dull everywhere ; no orders—no work to be 
had, We are asked to work longer hours in order 
that we may compete with the foreigner, But if he 
has no work, and we have none, how are longer hours 
of labour to remedy the evil complained of.” Again 
it is said that, ‘‘ Trades unions are ruining the 
country by the exorbitant wages asked for the labour 
done. Let us look for a moment at our own trade. 
In the year 1848 the wages of moulders in London 
were 36s. per week, A good number of hands got 
more than this. Up to the close of 1878 they aver- 
aged 38s. per week. ‘Truly, this is a wonderful rise 
over a period of 30 years!” The report goes on to 
say that the men work harder now than they ever 
did before, 

For fulness of information and completeness of 
detail the report of the Ironfounders’ Society is not 
inferior to that of the Amalgamated Engineers. 








MISCELLANEOUS EXHIBITS AT THE 
KILBURN SHOW. 

In the catalogue of the Royal Agricultural 
Society’s Show at Kilburn, no less than 11,878 
articles are enumerated, independently of course of 
the exhibition of stock and the Museum of historical 
implements, Of these by far the larger number 
refer to the heterogeneous collection which finds its 
way always, but never on so large a scale before, 
to these temporary exhibitions. There remains, 
however, an unusually large collection of machines 
and implements, the notice of which comes within 
our province. ‘Two causes combine against doing 
full justice to these exhibits—their extent, which 
renders it impossible within the short time that the 
show is open to see and notice all, and the un- 
paralleled condition of the show-ground, which 
makes circulation almost out of the question. For 
these reasons we are compelled to group under the 
head of Miscellaneous Exhibits many implements 
that we have hitherto classified separately. We may 
notice that while there is so much that is interesting 
and valuable in agricultural machinery, there are 
but very few entries of ‘‘ new implements,” modifi- 
cations and improvements in detail being the leading 
characteristic of the various exhibits. 

Several novel and valuable exhibits are to be 
seen at the stand of Messrs, Hornsby and Sons, of 
Grantham. One of the most important of these is 
a new manure distributer. In this implement the 
cylinder below the fertiliser box is kept clear by a 
series of scrapers held in place against the cylinder 
by springs. ithin the box on one side are bolted 
a number of arms which serve to mix the manure in 
combination with a set of mixers to which movement 
is imparted. These mixers lie inclined near the 
bottom of the box, and on the side opposite to that 
on which the fixed arms are bolted. They are 
triangular in section, and a slow backward and for- 
ward motion is given to them by means of a cam 
fixed at one side of the machine on the axle of the 


implement. On the other side of the box, and 
also on the axle, is a grooved wheel drivin by 
to 


a chain a smaller pulley below, on the 
which is mounted an open cylindrical cage. Into 
this latter the fertilisers fall from the box, and are 
widely scattered by its rapid motion. One special 
feature of the man on is that the cylinder beneath 
the box is on the same axle as the carrying wheels, 
thus greatly simplifying the construction, 

In ploughs, among such a vast number of exhibits 
it is difficult and almost invidious to make selec- 
tions ; oe all manufacturers of vee — oe 
contribute ly, though comparatively few sen 
new ones, e may ae age mention Messrs. 
Hornsby, Messrs, Howard, and Ransomes, Sims, 
and Head. 

The horse ploughs for which Messrs, Howard have 
justly held a high position for half a century, are re- 

resented by almost every variety necessary for the 
em and export trade, The Champion plough, 
which represents the best form of plough for Eng- 
land, is shown in several sizes. ‘The screw depth 
regulators are a recent addition to this plough, 
The Pulverising plough is new in its construction, 
the beam being continued so as to form a wrought- 
iron body to which the breast — share - — 
This plough is very strongly and specially adap 
for deep ploughing. The Universal is similar to it, 


the turning at land’s end. essrs, Howard show 
a variety of double ploughs, light and heavy, the 
newer specimens being the convertible double ploughs 
both with wood beams and steel beams. These can 
be readily altered from double to single ploughs by 
removing a beam to which a body, coulter, &c., are 
attached ; in fact,{there are no loose parts to get lost 
or mislaid. The Triple Colonial plough is an imple- 
ment for saving manual] labour, and can be manage 
with as much ease by one man as a single-furrow 
plough, and, of course, is capable of getting over a 
much larger quantity of work in the time. We are 
informed that the sale for these is greatly extending. 
The screw head arrangement on this plough for 
altering the line of draught is very simple and in- 
genious, and it can be effected while the plough is 
in work. Messrs. Howard have several one-way 
ploughs ; one of these is specially worthy of notice for 
the ease with which it is reversed and turned at land’s 
end, They also exhibit ridging ploughs, potato- 
raising ploughs, and wood beam ploughs of the 
American type, which are largely manufactured in 
England, hs p Ramee! to our colonies and to other 
parts of the world. Messrs. Howard exhibit their 
zigzag barrows in great variety, also handled 
drag harrows in several sizes. A more modern 
implement of this kind is their self-lifting harrow, 
which is mounted on three wheels, the depth of 
working being regulated by a hand lever, which 
being connected with the draught rod, allows 
the harrow to be lifted out of work by the horses. 
Another harrow worth notice is the new patent 
steel chain harrow for grass land. This is con- 
stucted with wrought steel rods, upon which the 
teeth are fixed by Howard’s patent chill process, ren- 
dering them harder even than steel. Itis intended to 
be worked either side downwards, also backwards 
as well as forwards, according to the work required. 

Messrs. Ransomes have long been known in con- 
nexion with the plough trade, as is shown by the 
early specimens exhibited in the ancient collection, 
and by the earliest and perhaps most important in- 
vention relating to the iron plough business, viz., 
the patent chilled cast-iron ploughshares, of which 
specimens are also to be seen there. This firm was 
amongst the first prize takers at the Royal Agricul- 
tural Society, their Y L plough exhibited in the 
same collection having taken the first prize in 1844 
for light land, as well as the first prize for heavy 
land by simply changing the breast. 

In later years Messrs. Ransomes have been 
equally successful, having brought out at the 
Newcastle meeting in 1864 their Royal Newcastle 
series of ploughs, which took four first prizes out of 
six, and of which immense numbers have been 
sold, and distributed all over this country, as well 
as sent to every part of the world. The im- 
9963 double and multiple ploughs, invented by 

r. J. R. Jefferies, were originally designed to 
supersede the old three-furrow ploughs used in 
the large corn-growing districts of the East, and 
of which a specimen is to be seen in the Museum, 
These implements are now in great demand in 
all the corn-growing countries of the world on 
account of the excellent manner in which they 
till the ground, and the great economy in both men 
and animals effected by their use over the old 
system of ploughing. On comparing some of the 
old implements in the Museum with some of the 
double and single-furrow ploughs now made at 
the Orwell Works, both for English and foreign 
agriculture, it will be seen that the habits and 
customs of the labourers and nts who use the 
implements have been studied, and that great im- 
provements have been effected by the use of superior 
workmanship and better materials. 

The hedge-cutting machine of Messrs. Hornsby 
and Sons, although not quite a new implement, 
having taken several prizes since last year’s Royal 
Agricultural Show, is nevertheless scarcely more 
than twelve months old, but during this time it has 
done such efficient work as to prove itself an ad- 
mirable machine. It is a large implement drawn 
by horses, and carries at the top of its frame a large 
transverse arm from the end of which depends a 
finger bar and set of knives, something like that of 
areaping machine but on a larger scale. Attached 
to the finger bar is a broad shield or presser plate 
kept in contact with the hedge. Motion is imparted 
to the cutter bar by gearing from the ye | 
wheels, transmitted along the transverse shaft, an 
means are provided for regulating the height of this 





shaft as well as its.length, while the cutter bar can 





which the machine is drawn, while the top can also 
be trimmed to any desired form. 

One of the novel and most interesting exhibits is 
one shown by Messrs. Samuelson and Co. It is a 
hay-compressing machine designed by M. Th. Pilter, 
of Paris, and combines some entirely new features. 
In this press the hay is spun around the face of a 
revolving disc, which is gradually forced back by 


d | the pressure of the hay until a bale is formed of the 


desired size, when the motion of the machine is re- 
versed and the binding wires are put on. Generally, 
the machine consists of a long feeding trough di- 
vided by a central partition. At the forward end 
of this trough are placed revolving cones which 
drag the hay through narrow o—. in a face 
plate, and present it to. the face of a disc provided 
with teeth that hold the first part of the hay as it is 
carried round, By this arrangement a compact mass 
of hay is wound spirally upon the face of the disc, 
which is mounted on a square shaft, at the further 
end of which is a pair of jaws which grip the shaft 
so as to produce any desired amount of friction. 
The revolving movement being continued, the plate 
gradually reaches the end of its path, when the bale 
is entirely exposed to view, and forms a cylinder 
about 2 ft. in diameter and 4ft. long. The action 
of the press is then reversed and the face plate is 
forced by means of a screw against the fixed head 
plate of the machine, a pressure of from 6 to 8 cwt. 

r cubic yard of hay being exerted upon the bale. 

wo wires are then placed around the latter, the 
ends being held by clips passed into loops formed 
at their extremities, the screw is run back and the 
elasticity of the hay tightens the wires so that the 
fastening is made quite secure. Each bale weighs 
from 2 to 2} cwt., and from 10 to 12 tons may be 
thus made up per day. We intend shortly to 
publish drawings and a more detailed description of 
this interesting and efficient machine. 

Messrs. T. H. P. Dennis and Co., of Chelmsford, 
have at their stand a number of miscellaneous ex- 
hibits worth notice. Amongst other things they 
show an improved arrangement of the discs of their 
well-known fullway stop valves, the improvement 
consisting in leaving one of the valves free to rotate 
so that it may turn on its seat each time the valve 
is open or closed, and thus prevent scoring. We 
give on page 13 an engraving of a 2in. hydraulic 
valve constructed in this way, and from the views 
there given, it will be seen thatin place of both 
discs being supplied with teeth and screwed stems, 
one only is so fitted, the other being without teeth 
and having a plain cylindrical shank. The tighten- 
ing up of the discs against these faces is thus effected 
by one screw only as the valves descend. The screws 
of these valves are all cast on Mr. R. E. Crompton’s 
—, and excellent specimens of these screws are 
shown just as they come from the moulds. Of the 
Serrin regulator exhibited at this stand we give an 
illustrated account on page 17 of the present 
number, while a very neat arrangement of school 
desk of which this firm are manufacturers, we shall 
iustrate hereafter. Messrs. T. H. P. Dennis and 
Co. are also the exhibitors of a number of good 
examples of greenhouse construction and of heating 
apparatus, both well-known specialties of theirs. 

essrs. Thomson, Sterne, and Co, of Glasgow, in 
addition to their gas and hydro-carbon engines 
exhibited in the department of machinery in motion, 
show at another stand a fine collection of emery 
wheels and machines in which such wheels are used, 
as well as numerous examples of spiral springs of 
all kinds. Many of the emery grinders exhibited 
are of patterns which we have already fully de- 
scribed, and which, therefore, we need on the 
present occasion only commend for their great variety 
and for their good design and workmanship, but the 
exhibits include one particularly ingenious machine 
which we must specially notice. This is a machine 
for making and grinding Kennedy’s spiral punches, 
and we hope shortly to illustrate it fully. Mean- 
while, we may explain that the machine consists of 
a bedplate fitted with two headstocks, the spindle of 
one carrying a milling cutter for shaping the punch 
and that of the other an emery wheel for the sub- 
sequent grinding. The nature of the work to be 
done can be best understood by a reference to an 
engraving of the spiral punch itself (vide page 278 
of our twenty-fifth volume), the machine shaping 
the punch out of a plain cylindrical blank, and all 
the movements for giving the required shape being 
automatic. We have already spoken highly of the 
qualities of the spiral punch, and the machine which 
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WESTERN RAILWAY OF FRANCE. 
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Messrs. Thomson, Sterne, and Co. have now pro- 
duced ought, by reducing the cost of manufacture 
of such punches, to greatly aid in their introduction. 

The progress which has of late been made in the 
production of steel ~~ is well shown by the 
exhibits of MHadfield’s Foundry Company, of 
Sheffield, and Messrs. John Spencer and Sons, of 
the Newburn Steel Works, Newcastle-on-Tyne, 
both these firms showing castings of excellent 
quality. Messrs. John Spencer and Sons exhibit 
especially includes some very large and difficult 
castings, such as drums for steam ploughing engines, 
which are well worthy of careful examination, cast 
as they are in mild steel, 

To those of our readers who remember how wel- 
come a sight any one of the ice-making machines 
was in Paris, it will seem a bitter mockery to come 
across one of the same kind of machines in the mire 
and (comparative) cold at Kilburn. If, however, the 
have courage to tramp through the clay they wi 
find in the northerly part of the show the machine 
which we illustrate to-day on page 13, which is an 
‘‘ Altas” ice-making machine, forming part of the ex- 
hibit of the Atlas Engine Company, Limited, (late Du- 
vallon and Lloyd)—a firm, by the way, whose well- 
arranged stand forms a pleasant oasis in the dreary 
mud around. The principle of: this machine is the 
evaporation of ether in vacuo, whilst the machinery 
employed is of the simplest possible nature. It con- 
sists chiefly of (1) a refrigerator where the ether is 
evaporated and the cold produced, (2) a vapour 
pump, (3) a condenser, where the vapour of the 
ether is reliquefied and from which it flows back 
again to the refrigerator (so as to avoid the necessity 
of using fresh ether each time), (4) a brine pump 
which forces brine (or any other liquid having a 
very low melting Lge thegern. 9 the refrigerator 
and thence into the ice-box, and (5) one or more 
ice-boxes, containing the fresh water to be frozen, 
and to which the brine carries the cold from the 
receiver, through which the brine circulates, 

The machine exhibited is specially arranged for 
ready transport, and it is intended to make half a ton 
of ice in 24 hours. This ice is perfectly transparent 
and solid, the freezing chamber being so arranged 
that any impurities contained in the water to be 
frozen can be drawn off. The necessary power is 
supplied by an ‘“‘ Atlas” horizontal engine, as shown 
in the engraving. This engine is of neat design, it 
has a double bearing, a marine piston rod head with 
adjustable guide strips, and a condenser arranged 
behind the cylinder. 
ing of this ice-making plant has been found, in 
practice, to be quite successful. We shall here- 
after have more to say about the other exhibits of 
the Atlas Engine Company, Limited. 

An ingenious contrivance is shown by Mr, N. 
Hunt, of Clifton, this being an automatic tempera- 
ture regulator intended for controlling automatically 
the opening and shutting of ventilators of green- 
houses, rooms, &c. The arrangement consists of a 
copper air vessel connected by a pipe with the in- 
terior of a kind of expanding and contracting bellows, 
one end of which is coupled to the lever working 
the ventilator to be controlled. By means of a 
simple adjusting pump the apparatus is adjusted so 
that the ventilator becomes closed on a certain tem- 
perature being reached, and any rise of temperature 
above that fixed thus causes the ventilator to be 
opened by the expansion of the air in the air vessel, 
and vice versé. The apparatus is shown in action as 
applied to a small greenhouse at Kilburn, and it 
— to answer well. 

e must leave for notice until next week a great 
number of the miscellaneous exhibits at Kilburn. 


THE CONFLANS VIADUCT. 

Tue railway from Conflans to Pontoise (Chemin de fer 
de Ouest) has a double line of rails and crosses the 
Seine about 200 yards above its junction with the river 
Oise. The structure by which the railway is carried 
over the river, and which we illustrate by a two-page 
plate this week, consists of a large viaduct composed 
of continuous iron girders supported by three piers 
and two abutments of masonry, and a smaller bridge 
23 ft.span, forming an extension, upon the right ban 
The leading dimensions are as follows: 





ft. in. 

Total length na a oe 704 5 

Length of girder of viaduct a ee 
Length of the cen spans between : 

centres of piers ... wh ove -. 164 0 

Length of the end spans ... oes 137 10 


Depth of the main girders over top and 
bottom kos es oe aw ae 
alien — consists of two main continuous lattice 
irders, 21 ft. high, with diagonals 6 ft. 63 in. apart, 
and inclined at an angle of 45 deg. The rail are laid on 


We understand that the work- i 





the lower part upon cross girders 2 ft. 7} in. high, and 
placed 19 ft. 8} in. apart, coresponding to 4 posi- 
tion of the vertical framing by which the upper and lower 
fianges of the girders are connected. At their upper ends 
these standards terminate in brackets, giving a very 
neat finish to the work. A system of horizontal diagunal 
bracing is placed at the top and bottom of the girders ; 
under each line of rails are placed longitudinal bearers, 
which rest upon the cross girders. Rolled joists of J 
section, and 1 ft. 4in. apart, run from one girder to 
the other, and are fixed transversely to the longitudinal 
sleepers upon which they rest. Upon these joists is 
fastened the flooring of the bridge, which consists of iron 
chequered plates. The following are some special points 
noticeable in this construction : 

By the substitution of iron plates for planking, which is 
more generally used in France, the dangers attending a 
train running off the rails.are reduced, and the arrange- 
ment adopted seems to be preferable to the system of iron 
plating ordinarily employed. 

The bearings and expansion joints of the girders are 
arranged as follows: 

The bearing rollers are of ‘steel, and move npon a cast 
iron bedplate. They support a forged steel plate, having 
a triangular section, at the top of which a circular and 
convex portion of 9.84 in. radius forms a spherical socket, 
fitting into another circular but concave bearing in a 
second steel plate bolted to the underside of the lower 
flange of the girder. The'principle of this arrangement 
is not new, but in the ordinary system the girders are 
supported on circular steel axes, which has the drawback 
of weakening the principal part in contact with the 


rollers ; and there are objections to supporting such con- | ¢h 


siderable weights upon an axis the size of which is always 
relatively small. 

The girders were erected on the embankment of the 
right side of the river, and were moved upon rollers into 
position by means of two independent tackles. The 
fixed block of the winch was attached to the abutment, 
the other to one end of the platform. Instead of a 
cable, an iron chain was used by which the tension in the 
two tackles was more easily equalised ; the ends of this 
chain passing through the pulleys, worked upon winches 
placed on the platform itself. 

The work was thus accomplished with great regu- 
larity and facility, the speed of the haulage being 
26 ft. 3in. per hour. 

The structure was tested in accordance with the speci- 
fications of the Ministerial circular of the 9th July, 1877. 
In the trial of dead weight (394 tons for the central, 
and 334 tons for the end spans), when an intermediate 
span alone was loaded upon both lines, the maximum 
deflection was .59 in., while the intermediate and the 
adjacent end spans lifted .079 in. and .118 in. respec- 
tively. In the trials of the moving loads, the deflec- 
tions were less, and did not exceed .448in, After the 
oads were removed there remained no permanent set in 


the girders. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the iron market 
at Middlesbrough was worse than it was last week, and 
prices closed weaker, being based on No. 3 Cleveland pig 
selling at 33s. per ton. Very little business was done. 
Messrs. Connal and Co.,{ the warrant storekeepers, have 
now in stock at Middlesbrough 80,300 tons of Cleveland 
warrants. The frequenters of the Exc at Middles- 
brough appear to have little to do except about the 
depres: condition of trade. Week after week passes 
away, and instead of there being any signs of improvement, 
prices actually fall lower, and the look blacker 
than ever. e iron merchant has his petition, and 
another has called some of his large creditors together, but 
neither of these cases causes any complications or interferes 
materially with business in this district. But while these 
are not important, it cannot be denied that there are other 
matters which cause a great deal of anxiety and apprehen- 
siveness. The fact is, that confidence is gone, and the 
indiscreet way in which oy ene of a is 
making matters worse. It is generally felt that the last of 
the big failures has not yet been seen. 

The Finished Iron Trade.—There is no alteration in the 
finished iron trade. It might have been 
so many establishments are entirely closed that those that 
arein operation might have obtained a better supply of orders. 
This does not, however, appear to be the case. ere is no 
demand, and trade continues as bad as ever. 

Engineering and Shipbuilding.—Both these branches of 
industry are feeling more effects of the gene:al depression. 
It is becoming more difficult to obtain work althoug 

rices are so low. But there is a hope that if the long 
ed of financial disasters in Cleveland ,were completely 
disposed of confidence would quickly revive and trade grow 


Iron Founders:—The iron founders are exceptionally 
busy, and they have work in hand which will keep them 
going for a long time. 

The Affairs of Messrs. Lloyd and Co.—The committee 


of inspection are acting wisely in blowing out the blast 
furnaces of Pty Re and Co. “at “Middlesbrough. neg! 


With No. 3 Cleveland pig selling at 33s. per ton, it would 
be a remarkable thing if the committee could make it 
worth the while of the creditors to continue the furnaces in 


that as/|q 


h | each with a se’ 





= 
operation. It is strange that with so many blast furnaces 
inoperative and the production so considerably decreased, 
the prices do not rise. 


The West Hunwick Colliery.--After the iron market 





at Middlesbrough on Tuesday, Mr. Charles Willman, 0.E., 
offered the West Hunwic oe the pro of 
Messrs. Lloyd and Co., for sale by public auction. ere 
was not a single bid and the property was not sold. 
NOTES FROM THE NORTH. 
: Guascow, Wednesday. 

Glasgow Pig fron Market. — Business was done in 

warrants y forenoon at 40s. 10d. and 40s. 11d. 


cash, also at 41s. one month, buyers at the close offering 
40s. 10d. cash and 41s. one month, and sellers very near. 
There was little or no change in prices in the afternoon. 
The market was again dull on Friday, and prices went back 
another 1d. per ton. On the week there was a decline to 
the extent of 7}d. per ton. In the forenoon iron changed 
hands at 40s. 9d. to 40s. 8d. cash, and at 40s. 10d. one 
month, the market closing with sellers at 40s. 9d. cash and 
40s. 10}d. one month, and buyers offering 1d. per ton leas. 
In the afternoon 40s. 9d. cash was paid, and the week 
closed with buyers at that price, and sellers at 40s. 94d. 
cash. There was rather more steadiness on Monday, and 
prices showed little change, except for distant dates, for 
which the prices were er. Business was done in the 
forenoon at 40s. 9d. cash and 40s. 10}d. one month, the 
market closing with buyers at those prices, and sellers 
asking 1d. ton more. In the afternoon 40s. 9d. cash 
and 4Us. 10}d. one month fourteen days were paid, and the 
market closed with buyers at 40s. 9d. cash and 40s. 11d. 
one month, and sellers holding out for 1d. per ton higher. 
The warrant market was strong yesterday forenoon, but 
osed a shade under the previous day’s prices. A small 
amount of business was done during the morning at 
40s. 10d. cash, and the only quotation in the afternoon 
was 40s. 10}d. one month. At the close there were sellers 
at 40s. 9d. cash and 40s. 104d. one month, buyers near. 
The warrant market was quiet this forenoon, when business 
was done at 40s. 10d. one month, and at the close there 
were sellers at 40s. 8d. cash and 40s. 10d. one month, and 


buyers offering 1d. per ton less. The afternoon market 
was also qui —— offering 40s. 8d. cash, and sellers 
asking 1d. more. From the 2nd of May, when the quota- 


tions stood at 48s. 7d., each week has shown a slight 
decline in prices, and the aggregate fall during the two 
months ending last Friday amounted to 2s. 10d. per ton. The 
feeling seems to grow more and more despondent, as almost 
every day shows lower prices without the encouragemnt of 
the smallest rally. Notwithstanding the extremely low 
range of prices prevailing, speculation in warrants appears 
utterly lifeless. Shipping iron is in extremely dull demand. 
There is a desire to sell, and prices are generally lower, but 
there does not appear to be any outlet for it. It seems that 
the demand does not exist, no matter what the price is. In 
sympathy with the price of warrants, makers’ iron can 
now be in second hands on easier terms than those 
officially quoted a week or ten days ago. Last week’s 
shipments of pig iron from all Scotch ports amounted to 


7074 tons as inst 7175 tons in the corresponding week 
of last year. Iron still continues to be sent my into 
store, and the total stock with Messrs. Connal an “up 


tilllast Friday night was 275,622 tons, showing an increase 
for the week of 2305 tons. There is no alteration to 
report in the number of blast furnaces in actual o) ion, 
the total still being 88, as compared with 94 at the same 
time last year. 

Caledonian Railway Bridge over the Olyde.—The 
substantial viaduct raised the Caledonian Railwa 
Company over the Clyde at Glasgow, in eonnexion wi! 
their central station in Gordon-street, was formally opened 
yesterday by Mr. Hill, the chairman of the company 
who ‘ormed the ceremony of laying a copestone on 
one of the piers in penepuce at «Snes cane of pro- 
fessional gentlemen and others. ‘The bridge is being 
used in connexion with the Bridge-street Station, and in a 
few weeks the traffic will be opened into Gordon-street. 


Contract for Marine Engines.—It is reported that 
Shaws’ Water Foundry Company, Greenock, have con- 
tracted to build a pair of es of 500 horse power for 
the steamer Irishman, which es between Southampton 
and Havre. 


Tux SEVERN Brrpax.—Considerable progress has been 

to the completion of this great undertaking. 

The only incomplete part of the bridge is that of the large 

span (320 ft.) in the current of the Severn, and of this it may 

be said that all the principals were on Saturday in position, 

and ready for the commencement of the rive on Mon- 
jay. 


Marine Borner Expiosion.—On Sunday last, the 
29th ult., the boiler of the s.s. Blackswan, which was off 
Yarmouth at the time, x jw to killing three men. It 
was an ordi cylindrical boiler, made in 1870 by Messrs. 
Thomson and Boyd, of Newcastle, and had three furnaces, 
te combustion chamber, and it was in the 
combustion chamber of one of the furnaces that the ex- 
plosion originated, the back plate being forced off the 
screwed stays, and torn completely across. The pressure 
of steam at the time was ut 50 lb. An inquest was 
opened on Monday last before Mr. Holt, the borough coro- 
ner, but was adjourned in order that a Board of Trade 
surveyor might make an examination of the boiler. This 
was done, and on Wednesday last this officer gave his 
evidence, from which it would appear that there were no 
signs of any shortness of water, overpressure, or any 

ligence on the part of the fireman at the time of the 
explosion, but that the boiler failed from having been com- 
ly worn out. The ing is still proceeding, and we 
Shall neler $0 10 at guenter longi in oar dent inouk. 
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VERTICAL ENGINE AND BOILER AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. RUSTON, PROCTOR, AND CO., ENGINEERS, LINCOLN. 





NOTES FROM SOUTH YORKSHIRE. 
Gypesrese, Wednesday. 
Working Men and the Lon System.—An agita- 
tion is taking place amongst io working men of the dis- 
og fe > means to resist the 
encroachments AF mn who it is alleged in numerous 
branches are hening the hours of labour. The men 
admit that thoug trade is bad, the greater burden'falls on 
themselves, and they have already made sufficient conces- 
. Ata mass meeting 
7h h some thousands of the 


ions of 
and demand.”” The spirit which called toget 
’ Birmingham conferences, is again a 
t. A resolution in support of the nine hours’ 
was 


ing i the Buwinton a and th ot pr ~~ 
new which is the join’ perty e 
and North - Bastern way, Coes 


panies, was 
‘or passenger traffic. 
creed meer eae 


i 


this ro route communication 


altogether a Three fast 
yesterday, between Sheffield and York, ran in an 
hour and ten minutes. 








Drorrwich New Water Worxs.—The new water 
works at Droitwich, pa Mr. E. Pritchard, C.E., 
F.G.8., of Westminster and arwick, and executed by 
Mr. W. Law, of Kidderminster, were opened on, Friday 
last by the mayor, Mr. Councillor Holyoake, in the pre- 
sence of members of the corporation, the borough officials, 


| 
| 





(For Description, see Page 5.) 


i] 


! 





and several influential residents. The cupply f has been ob- 
tained from a freshwater drift of the new red 

beneath Newland Common and Smite-hills. The amping 
station is at Tagwells, a mile and sou from the town. 
Here Mr. Pritchard constructed three adits, two around 
the {slope of Newland-hill, and one into the face of it. 


Perforated pipes in these adits, covered with es. — P 


the water to the pamping station, and 
show the quantity yielded to be 120,000 -eoy 3 = | or 
double that necessary to supply 15 sper ay, 
the present population. Y moll ¢ + for "he 
borough, and Fg ny analyst for Worcester, has anal 

the water, he pronounces it as rr} or 

that of the celebrated St. Anne’s W 
water is raised by two ee 
acting pumps to a reservoir wan ht 
a hundred feet above the highest part of the 
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, or about 


The reservoir affords storeage for 127,000 
three pros oA supply, | and from it the water lows by gravita- 
18 8 


tion, plied continuously to the town through some 

four or five mi iles of cast-iron pipes. The works have cost 

— incl 25001. for land and compensation, and 
after allowing water free for corporation and 


sanitary 
, itis computed that, at 1s. per 1000 gallons, the 
revenue from the water works will far exceed the ann’ 
cost, including also interest, repayment of capital, and a 
- amount for de oe feared ge or, before owes 
ae e nes, complimen eer, Mr 
‘chest Pym A oe contractors who _—_ 
oa Sie yt for the works, which he 
triumph of engineering skill, and scientific and palegieal 
know! After starting the engines and on the 
poe ot ay _— other portions of the works were 
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TRAMWAY LOCOMOTIVE AT THE KILBURN SHOW. 


CONSTRUCTED BY MR. W. G. BAGNALL, ENGINEER, STAFFORD. 
(For Description, see Page 3.) 
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REGULATOR FOR THE ELECTRIC LIGHT; KILBURN SHOW. 
CONSTRUCTED BY MR. R. E. CROMPTON, ENGINEER, LONDON. 
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Sectional Elevation, 





























Ir is a somewhat parodoxical fact that of all the electric 
lamps or regulators for the electric arc that have been 
introduced up to the present time, the most satisfactory 
for general working and the one which in practice seems 
to be least liable to get out of order, is that which is by 
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far the most complicated in construction, and by reason 
of the number and delicacy of its parts most costly to 
purchase. This is the now well-known Serrin lamp, 
which almost exclusively divides with the Siemens re- 
gulator the field for illumination by the ordinary electric 
arc. Of the two lamps the Siemens in good hands is 
perhaps the most perfect in performance, but for general 
purposes and for placing in the hands of attendants of 
average intelligence it would be difficult to find a more 
reliable apparatus than that of M. Serrin. On the other 
hand, its great complexity adds very largely to its first 
cost, and to that of repairs when parts have to be re- 
newed, necessitating in most cases the instrument 
being sent to Paris with all its consequent risk and 
delay. 

In order to produce a lamp which should possess all 
the qualities of a good electric regulator without compli- 
cation of parts, and at a moderate prime cost, Mr. R. E. 
Crompton, of the firm of Messrs, T. H. P. Dennis and 
Co., has lately designed the lamp of which we annex illus- 
trations, and which forms one of the exhibits at Kilburn. 
This lamp is not only of exceedingly simple con- 
struction but gives remarkably good results in actual 
working. Taking the Serrin lamp as the type to work 
from, Mr. Crompton, looking at it with the eye of a me- 
chanical engineer rather than with that of an optician, 
has simplified one part after another, introducing simple 
mechanical devices ia the place of those of a complex and 
expensive character, solving the problem as far as possible 
in what is understood in an engineering workshop as a 
mechanical and workmanlike manner. Thus lathe work 
has been substituted wherever practicable for vice work, 
the rods, guides, and protecting case being cylindrical 
instead of being of rectangular section, and the expensive 
linkwork parallel motion has been replaced by the more 
obvious and simple device of guide rods and slides. 


a ceiling, or standing on a table or shelf, that is to say, 
the apparatus is perfectly inversible as regards the mutual 
position of the carbon holders and the controlling me- 
chanism, for the vertical rods in connexion with the in- 
ternal gearing, and to which the carbon holders are 
attached by means of thumb screws, shown in Fig. 1, 
pass completely through the case of the lamp, protruding 
through both top and bottom covers. In the figure the 
a tus is shown as a suspension lamp, the carbons 
Slee badder the box containing the mechanism; but in 
order to convert it into a lamp of the ordinary form all 
that is necessary is to take the carbon helders off from 
the lower ends of the lamp rods, putting on to their 
upper ends, and interc them, so that what was 
the lower carbon holder in the first position becomes the 
upper carbon holder in the second; but this does not of 
course involve any change in the disposition existing 
between the lamp rods and the upper and lower carbons 


er 

he action of this regulator does not differ in any im- 
portant particular from that of the Serrinlamp, The rod 
to which the upper carbon is attached is connected by a 
simple train of wheelwork with the rod of the lower 
carbon, so arranged that the former, falling under the 
influence of its own gravity, raises the latter at half its 
own speed, that is.to say, the lower carbon rises through 
a distance of 1 in. for every 2 in. through which the upper 
carbon falls,- whichis approximately the proportion of 
consumption of the two carbons respectively when used 
on a continuous current circuit ; and connected by mul- 
tiplying gearing to the train of wheels by which this 
is effected is a small star-shaped checking wheel 
which, as long as the carbons are running together, 
and no current is passing, is rapidly rotating, the mo- 
ment, howeyer, that the electric current is transmitted 
through the apparatus an electro-magnet, included in 
the circuit (and shown in Figs. 1 and 2) draws down an 
armature attached to the lower carbon-rod, separating 
the carbons: to a certain distance depending on the 
strength of the current, the downward pull of the magnet 
being opposed by an adjustable spiral spring tending to 
draw the rod in the opposite direction. The action of 
drawing down the rod causes a detent attached to it to 
engage in the radial arms of the star-shaped wheel, 
thereby stopping its rotation, and with it that of the 
train of wheels, and consequently the running together 
of the carbon pencils; and as the position at any moment 
of the lower rod is that of equilibrium between the upward 
pull of the adjustable spiral spring which is constant, and 
the downward drag of the magnet acting on the armature, 
which drag is variable with the strength of the current, 
it follows that the length of the arc is continually 
being automatically adjusted to the strength of the 
current, and the light is maintained uniform, The 
above very general description applies almost equally 
to both the Serrin lamp and Mr. Crompton’s modifica- 
tion of it, but the latter being very much simpler in 
its details, and less complex: and delicate in its con- 
struction is, assuming that it is capable of standing the 
test of lobe -contianell working, a decided improvement, 
and likely to take an important position among regu- 
lators for the electric light. 

Mr. Crompton has in some of his lamps modified the 
method by which the carbon pencils are held in the 
holders, making use of the conical clip arrangement 
adopted by M. Faber in his pencil-cases, and which is 
also made use of for holding the tools in the American 
tool pads, which consist of a handle to which a variety 
of tools can be attached. Mr. Crompton has also designed 
a rotating disc lamp somewhat similar in the a e- 
ment of the carbons to M. Regnier’s first lamp, but dif- 
fering from it altogether in constructive details. We 
hope to illustrate and describe this apparatus on a future 
occasion, 








ON THE COMPOUNDING OF LOCOMOTIVE 
ENGINES.* 
By M. ANATOLE Mauer, of Paris. 

Or all the plans which have been devised for economis- 
ing steam in locomotive engines, the proposal to in 
separate cylinders is the one which the author believes has 
been received with the greatest amount of mistrust; at 
any rate this has been his own experience in France, as 
ba as Caine — sacar te in cone ouees from not 

ing the advan of the princip! ex 
in p homer cylinders, the application of which to locomo- 
tive engines has been loo upon as merely an i 
engendered by fashion or by a passing infatuation ; whilst 
in other cases, where the principle has been admitted, it 
has been considered inapplicable to locomotives, from a 
dread of ee com: tions. 

While himself thoroughly convinced of the advantages 
of the compound system in general, the author has always 
been of opinion that it would be particularly advantageous 
for locomotives.t. For marine ~—_ the question seems 
to be definitely settled in favour of the compound system. 
With stationary engines it may be admitted. that equal 
economy has for some years past been attained in single 





Referring to the figures (of which Fig. 1 is a sectional 
elevation, Fig. 2 a sectional plan taken through the line 
AB, and Fig. 3 a view in plan of the lower carbon 
holder), it will be seen that Mr. Crompton, taking ad- 
vantage of the facility which his simplified form of 
construction has given him, has made a lamp capable 


_* Paper read before the Institution of Mechanical En- 


"; The uthor is informed that the late iM. Engine 
Flachat, the accuracy of whose judgment on uestions 
of ical mechanics is well sasiis reseed the same 

at the time when compound marine engines were 





of being used with equal facility either suspended from 





first introduced. 
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TABLE L—COMPOUND LOCOMOTIVE ENGINES. 
Principal Dimensions. 
Bayonne and Haironville Locomotive . . 
Raitways, &c., FOR wHich THE CompouND LocomMTIvEs hooniie (Narrow Gauge) Tramway shown at Paris Paris and Northern Railway 
WERE BUILT. Railway. Railway. Locomotives. Exhibition, | Orleans Railway of Spain. 
lerérice letter... = oo alee * B © F 
= of or altering on oa rn eee oe 1876 1877 1878 1878 1879 
Number of ¢: fo same pattern i... eee +: pee 3 5 2 1 1 
of line ae * & wee at metre, ft.in.;) 1454 4 St 1.00 eg 145 | 4 St 145 | 4 8& 1.45 | 4 8 5 6 
: Tubes (mean diameter) ats square metres, sq. ft.| 40.56 ] 316. 1243 | 133 51.00 | 549.0 | 127.78 4 102.73 | 1105.8 
Heating ) Vitebors. 00 wes a » | 460 & $4.4} 2.49} 26 5.70] 613] 816] 87.8 84.5 
surface (Total... san whe ~ ” ” 45.10 $50.9 | 14.92 | 160.6 | 56.70 | 610.3 | 185.94 | 1463.3: | 110.58 | 11903 
Firegrate area - De as om * one a «| 1.00 10.8 0.65 7.0 0.33 3.6 1.26 13.6 1.40 15.1 1.32 142 
Ratio of total heating surface to firebox surface ... = «+ 9.80 tol 10.20 to 1 6.00 to 1 9.95 to 1 16.66 to 1 14.08 to 1 
: ~ firegrate area i. oss 45.10 tol 50.00 to 1 45.20 to 1 45.00 to 1 97.00 to 1 83.70 to 1 
meler rth alee es 0.0487 on 0.045") 0 12] 004 | 0 12 0.048") 0 1a 0.048") 0 14 050° 0 2 
Tu Outside diameter ee a eee, ire 10 , , , ; 
rm Length between tubeplates ... rie metres, ft.in.| 2.400 | 710 2.200; 7 3 1.880 | 6 2 2.900 | 9 6 5.000 | 16 5 4.157 | 13 8 
Height of centre of boiler above rails... .. a4 oe «| 1.600 5 3 1400 | 47 1250; 4 1 1.860 6 1 1.950 | 6 5 1.875 6 2 
Diameter of boiler... eee és ée0 eco eee eee | 1.000°-| 8 3%) 0.900 | 2 11 0.700 | 2 3b] 1020) 3 4 1.240 | 4 0%] 1.280; 4 2 
Capacity of water space... ove we eubic metre, oub. ft.| 1.3870 | 48.4 1.000 35. 0.800 | 28.3 1.800 63.6 | 3.750 | 132.4 | 3.350 118. 
Steam above atmosphere ied +atm., Ib. per sq.in.| 10 140 10 140 12 170 10 140 8.5 120 7 100 
Diam of small cylinder eco sie sad sid re, in.| 0.240 9.45 0.220 8.66 | 0.150 5.90 | 0.280 | 11.02 0.420 | 16.54 0.440 | 17.33 
‘ large» ons eee ove oe » 9 | 0.400 | 15.95 0.345 | 13.58 | 0.240 9.45 | 0.420 | 16.54 0.550 | 21.67 0.600 | 23.62 
tio of piston areas = ves ow 0 eee ses : 2.78 to 1 2.53 to 1 2.56 to 1 2.25 to 1 1.71 tol 1.86 to 1 
pam of stroke of pi a ose ove +» metre, in.| 0.45 17.72 0.40 15.75 0.32 | 12.60 0.55 | 21.67 0.65 25.59 0.60 | 23.62 
Distance a; of cyli centre-lines ... . metres, ft.in.| 1.91 | 6 3% 1-41 | 4 7} 1.52 411§/ 1.95 6 43) 1.90 6 23] 223 7 3} 
j Namber axles oo ea eee oe one - eee oo eee : : 2 : $ 3 
/ d cou pio pn ee age pes oes oe 
Diameter of coupled a eee ove ove metres ft.in.| 1.20 3114 | 0.75 2 54] 0.70 2 3}/] 1.20 3113] 2.00 6 63) 1.30 4 3} 
. c » ie tote Xe z » | 0.90 | 21h]... me a ia - | 122 | 4 0 
Length of waentan veo obs gee eee ” ” 2.70 8 10 1.68 5 6 1.30 4 3 2.70 8 10 5.70 18 8 3.52 ll 7 
engine, over all ... deo eee soe - o 5.74 18 10 5.34 17 5 4.10 13 5 6.76 22 2 8.65 28 5 7.60 24 11 
of water tanks ... bei ove +.cub. metres, cub ft.| 1.800 63.6 1.900 67.1 1. 35.3 2.500 | 88.4 tender tender 
Weight of empty ... doe éés ees ... kilog., tons} 15,500 154 12,500 124 6750 63 20,500 33,930"; 333% | 28,000 28 
Average weight in working order dee ace ins os » | 19,500 1 15,500 154 8250 8t 24,500 24 37,930 37 31,800 31 
Adhesion weight on coupled wheels... hee oe se »» | 15,200 1 15,500 154 8250 8} 24,500 245 22,330 22 31,800 31 


























* Tnclading a counterweight of 700 kg. (14 cwt.) at the back end, to balance the extra weight of the new cylinders. 
rks. E. Engine built in 1865 at the railway company’s works in Paris and altered 


A. New engines built at Creusdt Wo 

B. ” ” Passy Works, Paris. at the same works. 

Cc. ” y»» by Corpet and Bourdon, Paris. F. Engine built in 1862 at Creusdt Works, and altered at the railway com- 
D. a » at Passy Works, Paris: pany’s works at Valladolid, the new parts being supplied from Creusdt. 


ines; but this has been ac-| From these considerations the author was led several | clines. This oF was submitted to several railway 
e 


cylinder as in compound \ . Y ed s is de b c 
i only by the use of steam jackets, and of special Sig to d a compound locomotive differing as | engineers with little success: it was objected that the en- 
pes of eut-off gear for high expansion, all more | little as possible from the ordinary type, the small and = would have a tendeney to turn sideways, owing to the 
or leas complicated ; the application of which to locomotives | large cylinder being connected by a special contrivance for iculty of epee bey wer on both sides ; it was even 
Fed upon as difficult if not altogether impracti- - maintained by some that the engine would never work at 

cable. Steam jackets indeed are of doubtfuladvantage for} ws p,m, Sirest. Wovtang all. A further objection was that, as the discharge of the 
locomotives. discs the additional work obtained from the = exhaust into the blast-pipe would occur only half as often, 


heat of the steam condensed in the jacket is proportional = LS Fae the draught would be diminished and the boiler would not 
nm a 








difference of temperatures to the extent of the make steam enough. Objections raised on the score of 

to the ait complication may be allowed to pass unnoticed, having 
— been made without examination of the drawings. 
all probability therefore no trial of the system would 

: have been made until now, had not the angers of several 

. friends, and the confidence reposed in him by the directors 
; of a short line of railway, enabled the author to carry out 


cylinder surface, the amount of this work may be considered 
constant for ony given linder ; whilst the work done by 
the steam inside that oyli Zar ho gunpontienet te ths 
opens Ss piston. Hence, while the work supplied from Small Cylunder 
e 1.H P. 60 
wo 





et may form an important proportion of the total P 

rk at a speed of, say, 40 revolutions per minute, its pro- ; 
portion will be only half as t at 80 revolutions, and a y, : > 
quarter as t at 160. Generally locomotives may be Nets _, beginning of 1876 an order was ae to the 
said to work at too pian a ee for the heat to havetime| [> = Creusét Works by the Bayonne and Biarritz Railway for 
to through the the cylinder from the jacket. he : three compound locomotives to be built from the designs 
Trials made on the Orleans Railway in France, as well as 150Beuer Pressure Admission to both GU" % of the stroke already mentioned. The author takes this opportunity of 
125 Revolutsons ms again giving public expression to his sense of the obliga- 







5 fe 
} the first _——— of the compound system to a locomo- 
tive. In i 








this view, inasm as they have f ed no result in 4 Ap ae ge ; | tions he is under to those who have thus facilitated the 
favour of jacketting ; though the condi under which ile Bee i ee. carrying out of his views: M. Hugéne Pereire, chairman 
| these trials were made do not appear to the author to have 100 : of the Bayonne and Biarritz Railway, and of the General 
| been such as to render them conclusive. Transatlantic Company ; MM. Carimantrand and Marché, 
With regard to the use of special expansion gear. oy a r pet : engineers of Le ¢- ye md ont = ang y oho 
i thing of the kind would in default of compound worki ea Large Cylinder : engineers, who sup} e adoption of the plan, 
in locomotives, inasmuch as the link motion, the soe UF VU 4 198 § ; ool tanmeed its success > the excellent workmanship of 

caly eoubitvunes ordinarily used, is ill-adapted for so early b the oe built at their works. 
While the author believes that, so far as he is aware, he 


can claim the honour of having made the first application 
of the compound principle to the locomotive engine, he is 


aie eee ee 








favourable to special expansion in locomotives. Double o 





SS ee 











| slide valves have indeed been em by Meyer, Worlung Compound not ignorant that about 1852 trials were made by the late 
Gonzenbach, Polonceau, and others; the Meyer cut-off 10 Bower Pressure Fi é. Mr. James Samuel in two engines on the Eastern Counties 

t was in use in Bavaria till about 1870; and more recently | STITT DY cee ents ogee ey OT” POLIT, Railway of a plan called ‘‘continuous expansion ;’’ a de- 

the Guino' Belginm But none r 2 ; scription of which was given to the Institution at the time 

of these have been able to stand the test work- (see a 1852, pp. 27 and 41). But that plan was 

ing, any advantages they may ha been more| tee by no means the same as the compound system, inasmuch 

than counterbalanced by com ion and cost of main- Small Cylinder as the small cylinder expanded the steam down to the final 

1.8-P 60'S pressure, and was consequently subjected to the whole 


tenance. r 
Com d working, on the con’ while on the one - 
bend aihating on economy rorrenpooding with that pro- Sc} 
duced by steam jackets, on the other admits of usi 

















in each cylinder only moderate degrees 

as are ny tained with single slide valves worked 

by the s of link-motion. The compound sys- e 

tem, in the au’ 8 opinion, may in the majority of cases 

be applied to ves without the sligh complica- 

tion, that is, without a single addition t number of 
parts of the machinery. com- 


Adrussum ta both Cyi™45 60 of the stroke 
108 Revolunens 


Fig. 4. 

















chilling effect of the exhaust, which is precisely what the 
compound system is intended to avoid. There was more- 
over, at any rate in the two engines in which the ‘‘ con- 
tinuous” was tried, a greater amount of complication, 
as there were three slide-valves constantly working, in ad- 
dition to one at rest. 

Biarritz Engines.—The engines built at Creus6t for the 
Biarritz line, the principal dimensions of which are given 
in the aj led T; +, are six-wheeled tank-engines, with 
the leading and middle wheels coupled. The cyli are 
outside, the smaller on the left-hand. On the same side is 
fixed upon the smokebox a special valve-chest containing 
what the —s the “ es —— -" the 
accompanying wings* are shown gen elevations 
of the ine; while other views show the starting- 
valve in two extreme positions into which it can 
be shifted by a screwed rod and handwheel worked by 
the fireman. In the first position it will be seen that the 
exhaust steam from the small cylinder passes underneath 

* [As the engines here referred to so closely resemble in 
their’ essential features the engine which we described in 
our last number but one (vide page ry tn 
we have not it necessary to reproduce M. 
Mallet’s diagrams.— Ep. E.) 
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the valve, and = a het eoniten across be smokebox to the 
large cylinder. In the o of the 

the exhaust o- the vee od 
blast-pipe ; boiler steam, which is always on the 
back of the dastinntien, 1 is admitted thence direct to the 
aap oe By setting the valve so as to open this 
port only partially, the steam can be wn 80 as to 
—— great a difference of power between the two 
cy: 

It will be noticed that the blast-pipe is here made with 
an annular nozzle. This was tele teens thirty 
on the Orleans a ape “put was abandoned, for what 
reason is not clearly known. In the present case it was 
feared that the less Frequent exhaust — unduly diminish 
the ing th the precaution was therefore taken of em- 
ployi is onereen —— nozzle, ——, luces &@ very 
powerful draught, and the 
Even of the blast orifice by adjusti ¢ the height of inner 
movable cone ; no occasion, , has arisen requiring 
any such adjustment. 

e engines were tried in July, 1876, and at once set at 
rest any doubts that had been en ebent their 
working. They made steam in abundance, and eat a 
with perfect steadiness. Indicator diagrams 
of which specimens are owns in jiegreme to 4 bot 
working compound, and also when 
direct into both cylinders. In the latter ting oie 
that the difference of power between the two 
amounted to as masks as about 2% to 1, having 
ee this was found 

ve upon the porn was 
be very steady. Delays in the opening of the 
Railway prevented ye abt oh from 
till the beginning of June, 1877; since w ia roca 
| aycoy time about 160,000 miles have — run altogether 

the three engines. The results have been most success- 
fal, and the aut’ Sor has received several official assurances 
of the company’s satisfaction. 

The Bayonne and Biarritz Railway is of the standard 
4 ft. 8} in. gauge, and is about five miles , with one 
intermediate station. For about one-third of the ——_ 
there is a continuous incline of 1 in 66; and at the 
end is an incline of 1 in 70 in the opposite direction, half half a 
mile long. The carriages are composite, of large size, two 
stories high, containing three classes with luggage compart- 
uate as ov weigh 84 tons empty, and can carry about a 

ngers- There are no In 
ae the engines take four of these ina train, | ° 
and in winter two. The amount of her is very large; 
in 1878 there were 15,500 trains, or an average of 42 per 
day throughout the whole year; but in summer the daily 
number is much higher, and on ‘the 8th September, 1878— 
the Biarritz holiday—as many as 12, passengers were 
carried in 62 trains. 

The consumption of coal (Cardiff) in these , for a 
amounted ts 18,55 Ib. per mile, incloding govtin 15 "ae 
amount per in g up steam, 
shunting, and everything. The lowest’ consumption 
reached was in December, 1878, by No. 2 engine, w! for 
—— run in the month burnt only 10.90 lb. of coal 
per mile 

The time occupied in each j is a quarter of an 
hour, so that the average speed is 20 miles an SSiee, includ- 
ing stoppages; but at some parts of the line the speed is 
30 miles an hour. 

It is difficult’ to ascertain the a weight of train, 
as the weight of the passengers forms a large pro- 
portion of the whole, where so many are carried in each 
= e. As there are four carriages per train in summer 
as on Sundays and holidays in winter, the average 
for the year is rather above than below three carriages ; 
and supposing these to be half filled, the total load would 
amount to 36 tons. But it must be in mind that the 
tractive resistance of these carriages is sade than 
that of ordinary carriages, inasmuch as = wheels are of 
much smaller diameter, and the extent of surface for the 
wind to act upon is nearly double; while the greater 
length increases the resistance in ru round curves, of 
which there area large number on this line. It cannot. be 
far res b eway 9 to wake the ree a as 30 per cent. | 
greater than the ordinary amount @ average weig! 
of train would then be equivalent to 36x1.30=46.8 tons, 
together with 19 tons for the engine, making 65.8 tons 


= this rate the consumption of coal amounts to 0.206 Ib. 
re ton per mile, including the aoe, of the engine ; or 
289 lb. omitting the engine. In looking at these figures 


Lr 


oer : ane vm My taken into a th 
e ocomotive an ‘or the year 
1878 amounted to 16861. 366d. for 77,090 miles run, or 
5.25 pence per mile run, which is made up as follows : 
Penny per 
Mile run, 
Wi of engin emen eee oe " . 
Water, “oil, and sundries i re : 0.60 
Engine repairs os 1.41 
Carriage repairs ove 0.40 
Total runni: 25 


e 5. 

In the coal is here includ That & was burnt in the shop | » 
for the stationary engine and smith’s fire. The cost for 
the locomotives alone, with the average consumption pre- 
viously stated of 13.55lb. per mile run, w be only 
1.67d. per mile run, at the price paid at Bayonne of 23s. 


Pethe working 13.784. per mile 48 per 
expenses are per mile run, or 

cent. of the receipts, the latter amounting to 28.51d. ee 

mile run, after deducting taxes. The receipts per mile 


* This figure is obtained by introducing the additional 
elements mentioned above into Vuillemin’s formula for 
train resistance. 





of with 





19 








line amounted for the 1878 to 18311. after deducting | 
taxes, being t' a earned on any branch 

i These the 

been worked for two years 


economy, by compound locomotives 
Haironville Engines.—Engines of the same kind were 
built bac tg afterwards oe a metre gauge line from 
Haironville to Triaucourt, in the department of the Meuse. 
ago | The railway runs alongside a high road, so that there are 
a ee as steep as 1 in 33, and curves as sharp as 
160 ft. radius, or in some cases even 120 ft. At Mcsvperse of} eating 
the _ the resistance being considerably increased, 
> admitted direct from the boiler to both linden 
have six coupled wheels of small diameter, and 
wei tons empty, and 154 tons in — their 
dimensions are given in the 
One improvement introduced by yn 3 these 
engines should have attention » the toit. In theindicator 
diagrams, Figs. 3 and 4, taken from one of the engines on 
the Bayonne and Biarritz Railw , it will be noticed o 
the steam being cut of i bot cylinder 
the » & considerable drop. 
between nee linders, so’ 


gangeand egret now 










about 36 per cent. the ‘heats would have 
in the large cylinder 
which case the drop of press 
been but slight, and tke oe 
have been — os sing 
worked 
in the sm: nde would ve ie to be at mye; 
point of the stroke, which proee be too early for the work 
required to be done. Moreover, the back pressure would 
then probably run up much too high at the end of the 
opus in the small cylinder, being due to the compression 
h-pressure steam, instead of steam expanded down 
aw to the atmospheric pressure as in o locomo- 
tives; indeed, the fear of such excessive pressure led to the 
fixing of safety valves in the bottom and cover of the small 
cylinder at each end. 
The conclusion is that means ought to be provided for 
cutting off the steam at a different point in the two cy- 
linders ; in the large —— at a percen of the stroke 
represented theoretically the ratio of the capacities of 
= two cylinders, but sli P ly modified in practice in order 
to equalise to some extent the work of the two pistons; 
— in the small cylinder at a point that can be varied ac- 
— to the work to be done ous eelerk Dak bees 
carried out in the cow pe ge by the arrangement 


shown by the hag oe ay Each link motion has a | 
omega weigh- he two 












Ne cite being in line with each 
The arm on the weigh-shaft for the large cylinder is 
-enpene re by a rod to the nut of the reversing screw, while 
the corresponding prime et pie, linder is counected toa 
head loves which cam be’ uhif erent on a 
toothed sector, itself Seecpdied! fo the nut of the reversing 
screw. By this arrangement, when the hand lever is in the 
middle notch of the sector, the reversing screw shifts oy 
links together; while by shifting the hand lever to 
ay —_ the pd the two i roar are Cat bd per 
a different degree. arrangement is very simple an 
very effective, and with some modifications in detail is 
employed by the author in all his new engines. 

Haironville engines exert a very high tractive power, 
and have now been ranning Rg for Seine wapted ‘bed 
at present a length of only six but 

ey werd ay of the line is iO miles, vere will shortly 
he en Se their time (Beg stirn) the 

trains and d materials. 

No trustworthy figures can, : th ore, be obtained at pre- 
sent as to consumption of coal, though this appears to be 
ver: hee ee judging from some Trials th wat aed been 
In nence of the line road, 
= speed 4 is ner low, not exceeding 1 a ro = or 

ess in ing throug’ h villages. 

Othe ear gines have been built, for a similar class of 
work, but with four wheels a and with the cylinders 
placed vertically so as to be better preserved from the dust 
and mud. Their principal dimensions are given in the 
Table appended. 

Other engines of greater power have also been built, 
paves six wheels eoupled, and weighing about 25 tons in 

g order, the principal dimensions as given in 
the Tate One of these engines was shown at the —_ 
Exhibition last year ; and they possess one peculiarity to 
be noticed in detail. It thes Bean onan thety withthe stab’: 
valve used in the Biarritz engines, the 
n admitted direct.into the large cylinder, is wiredrawn 

through a throttled port, so that the pressure 
inthe cylinder shall never be too high. This arrangement 
dees very well for engines, but does not answer for 
® This holds so as we consider onl the reduction to 
the minimum of the of pressure the 
but there is another point to be taken into account, ‘viz 
— there must not be too great an inequality in the rock 
the two cylinders. This latter condition conflicts 
former, so that it is necessary to a @ position 
between the two, and to allow a small fall of pressure 
between the cylinder. 
+ 12, 13, and 14 on page 516 of our last volume, 


M 









boiler steam, | Bessem 





shoe the; arrangement here referred to. 





===———S—S== 
large ones, ‘in which at moma: a 
cts] denping. Morar, tht enter ein ae a ty 


reds oh ken 


henever working direct total pressure on the 
area of the new large p iston should Arend «yon on the 
original smaller pe wg both for the p of keeping 
on omen both sides of  s a » and roy be 
rs) no row greater on the parts 
Self-Acti peace Wwe.—With this object the self. 
‘alve.—With r) t - 
pressure adm valent valve is ~— the steam 


to the bye working 
ot aoe 80 as never Mey rece certain limit, 
beartag 0 ceasend ppcpection bothas Relies = This 
meee per nga i chest 1 i exhibi se eh ps vet og 
ive oon oo 
fitted with a [wee aie havi pha ey ne 
ot si the aoa holies 


passes out thro 
no external at ou piston acts as a stop valve 
sliding over a at the back end, which communicates 
from en ical chamber to the starting-valve chest ; 
—_ im z eaped end ley en is in direct communica- 
m Wi 6 valve c a t 
Hl be orn et with i Sas Siac yl 
8 
to the large as before 


i place of f one 
tion that 





























































eiving such an amount of} pening 
for the holler ebenar’ a as that the total pressures on the two 
faces of the piston valve are equal to each other; conse- 
quently the pressures per square inch upon the two faces 
will be nearly in the inverse ratio of their areas (neglecting 
here the effect of the piston rod). Thus if D and d be the 
Jo of the piston valve and its rod in inches, and P 
af 5 the pressure of steam in pounds per square ‘inch 
the iler and in the s valve chest, the valve chest 
pressure p on the full front face of the piston valve 
ra balance the boiler pressure actitg on {the back annular 
face together with the mur ge! ressure Fd on the 


piston rod, so that p= — 4.74" Henoe if the 
baa of the two faces of the piston valve be made to 













a same, Salle i buen Gixet 0, Ge. Sse 58 te 
p paging pis ingerNew steam oan pressure admitted to the 
trite when 8 be automa’ 
mys eee nbs that te gyphresiva gid 
wo ers sensibly fm @ pressure in 
te Chest wil that keke iv ‘ays a constant ratio 
to le pressure, whatever be gh Bxtens amount of 
Provision has to be made for the ease of app counter- 
Poeition t re manag 1 ta bc rhepeden abe in, the 
position for om 
ressed in the into. the 


ey we fren, back’ i 

* | btarting valve ches ge act on the fall? front face of the 
reducing yatoo yalve. to close the boiler orifice, and so 
pr reclude its own passage from the valve chest into the 
iler. A stop is therefore fixed, to prevent the piston 
valve from ever closing the boiler orifice entirely, In other 

engines, as will be mentioned subsequently, a safety valve 
has been placed upon the arti ve chest, es the 
as? - es pe eaeeret het 
ueing valve presen an mportant ad n diminish- 
greatly the steam pressure on the back of the starting 
ie valve, so that this valve can be shifted much more 
y than otherwise ; this is a consideration, especially in 

the paseief large engines. 

The compound ‘locomotive shown at the Paris age mot 





pas Ue chilies todepeceeal’ platooens madekinemeter 
can be s inde ai and an ann 
blast nozzle with ihe inner Sens deed ‘ 
(te be bontteued 
BgssEMER STEEL IN THE UNITED STATES.—The quan- 
ee of pig iron, s: m, and ferro- ese converted 
pe ges process in the Uni 


er 8 


teel ingots produced in 1878 was 732 
against yen gi, Ae in 1877. ,Th of 


@ number 
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COMBINED THRASHING AND STRAW-CHOPPING MACHINE AT THE KILBURN 
CONSTRUCTED BY MESSRS. RANSOMES, SIMS, AND HEAD, ENGINEERS, IPSWICH. 


SHOW. 





We illustrate above one of the combined thrashing 
and straw-finishing machines manufactured by Messrs, 
Ransomes, Sims, and Head, of Ipswich, and which we 
described in our last issue. The illustration shows the 
mode of working, and of removing the broken straw 
from the rear riddle. 





FOREIGN AND COLONIAL NOTES. 
American Steam Hammers.—Mr. Richard Dudgeon, of 
24, Columbia-street, New York, has recently built several 
steam hammers to fill orders. One, a 10-in. hammer, with 
2ft. 6in. drop, was sent to Messrs. Chisley Brothers, of 
St. John, ew Brunswick. It is intended for maki 
ey = shapes of shi paged which were formerly imparted 
firm now for themselves, 
the new hammer ts to be ened forthe work. _ The National 


. stroke, 
orging a 
oh Bones ceca cee - 
one e mers 
: motion, by w! her fiend valve is waned 
piston preven rom pounding the 
t works by lifting the valve and giving m nay 
whenever hammer rises above the 

joint. A small 8-in. hammer is just completed for 
ae Garner and Co., and is intended for their works at 
Robbins Creek. This hammer has 24-in. stroke, and will 
deliver a 1}-ton blow. 


ES eg Rel at 
a 
a ending December 31, The 


a Sere 


ons, 
average a sae month was in 
000 ¥ ,-ye~ During the year 
Lackawanna and 140 tons of Erie coal were 
used, a the total expenses chargeable to pumping were 
69,573 dols, The cost of delivering water per million 
lons was 6.24 dols., and the cost of repairs and additions 
per million gallons ‘14 millions. The cost of delivery 
steadily decreased of late years. In 1870 it was 11.71 dols. 
ad eae Se 10S wn cade Ee ., since which 
e every year has shown a considerabl je red: 

1878 there. were manufactured in the s 
=a ee new hydrants and 252 stop 


Sar ete cae. The total 
mp Regt tehes of the stock 
on hand January 1, 1879, ts 75 dols., and the value 
of the work done was 22,756 dols. 

American Steam Shipbwilding.—The new iron steam- 
built at 


Ba 


hold 22 ft. A a Foe — 
engines are compound, with cylinders in. 
38 in. in diameter, aan of 56in. 





Chantiers. They will be tiem 15 to 20 metres long, and 
will have engines of 100 or 150-horse power. The engines 
of the Admiral Duperre, which will be the largest ironclad 
in the French Navy, are also being constructed at the 
same works. 


The Port Melbourne.—A telegram has been received 
from England giving a brief ae of a scheme opener 
mended by Sir John le for the improvement of the 
of Melbourne. Sir John Coode neither adopts the “ipect 
canal project nor yet the canal from the gas works to the 
Yarra mouth favoured, by a Royal Commission of 1874. 
He ~ we what is known as the ‘‘ Gordon scheme,”’ 
from Mr. G. Gordon, C.E., having urged its adoption. 
The proposal i is to canalise the river, making a new channel, 
however, at Fisherman’s Bend, as to cut off that detour. 
The cut will shorten the distance by one mile, but its main 


and | recommendation is that it cme away with the difficulties 


of navigation expressed in amiliar title ‘‘ Haombug 
Reach’’ and also the pak BoB caused by the Saltwater 
River meeting the Yarra at right angles, and in flood times 
wae a dam. expense of a Yarra channel 20 ft. 
is Y cotieaad at 476,0001. To deepen it to 25 ft. an 
ditional outlay of 83, 6001. will be required. The con- 
coe of the low lands behind Batman's Hill into docks 
is estimated to cost 646,0001. Minor works, including a 
steam ferry to gen Spencer-street and don-street, 
will cost 40,6001., a total of 20 ft. channel and 
extras 516,6001. ; 25 tt. pact and extras, 600,200/. ; and 
ocks, 0001. The docks and the 25 ft. canal would 
cost 1,246,2001., oawee® de ye The direct 
canal would be "cheaper than posed channel, but it 
oy many drawbacks. In partic ° Sir Se Tobe Coode lays 
stress upon the necessity of retaining the Yarra and 
Saltwater River in one so that the same outlet ane 
have the benefit of the scour of the combined streams. As 
regards floods, the recommendation is that all obstructions, 
from the rocks at Prince’s Bridge downwards, including 
the reefs at the falls, should be swept away, soas to give 
the storm waters a course. 


Rails in the United States.—The production of rails 
of all kinds in the United States in 1878 was 882,685 
net tons. This production has been but once exceeded in 
the history of the United States, viz., in 1872 and in 
1873. The increased production in 1878 over 1877 was 
117,976 tons. The production of 1878 was composed of of 
550,398 tons of Bessemer steel rails, 322,890 tons of iron 
rails, and 9397 tons of open- -hearth steel rails. The pro- 
duction of Bessemer steel rails was 118,229 tons greater in 
1878 than in 1877, while that of iron rails was 9650 tons 
less. Open-hearth steel rails appear in the statistics of last 
year’s rail production for the fret time. Nineteen states 
and the Territory of W. made rails in 1878. In 


- During | 1377 SOR? Siehionn pat very te list of rail-making states, 
and in 1878 Co! the list. 


lorado entered In March of that 


large yor oni for reselling ive tren rails, which had been re- 


moved fro was put in operation 
at Pueblo, hen touapio a dane of an peists we removed 
to Denver. A mill was commenced several years ago at 
den City, Utah Territory, and it is now stated that it 
this year be ready to re-roll iron rails. In 1878, Penn- 
esteeeie 46 per cent. of all the rails made in the 

nited States, and Illinois made about one half as 
rails as Pennsylvania. Illinois alone made as tates 
in pte ag the whole United States made in any one year 
ar the railway production of Penn- 

siraaia wa = ‘in 


it was exceeded in 1872 by about 
South Australian Jetties.—An agreement has been 
arrived at between the South Australian Government and 





the contractors for the Kingston and Rivoli Bay Jetties, 
Messrs. Wells Brothers, by which the works are to be 
taken ont of the hands of the latter and carried on by the 
Government. he amount to be paid Messrs. Wells 
Brothers is 10,2751. This includes all payments due on 
account of the two jetties, all the plant oa material to 
finish them, boats, rafts, galvanised iron stores, workshops, 
dwelling house at Rivoli Bay, and all the plant from 
Tipara Lighthouse. The Kingston Jetty, as proposed, 
was to extend 6080 ft., of which 2625 ft. have been erected ; 

and the Rivoli Bay Setty was to have been 4000 ft. in 
length, about 680 ft. of which have been completed. The 
Government have decided to shorten both jetties as ori a 
nally designed—that at Rivoli Bay very considerab: 

The ends will be widened and the plan generall altered, 
so as togive much additional accommodation. The modifi- 
cations at Ree oe have not been definitely 
It is anticipated that the works will be finish 
amount authorised. 


Steam Navigation in Eastern Europe—The Austrian 
Danube Steam Navigation Company has demanded 
from the Servian Government the conclusion of a con- 
vention to extend over 40 years. At the same time a 
Russian aorteeiien eompant bas applied for the right of 
plying along the Servian shores. 


Rolled Iron in the United States.—The uction of 
all kinds of rolled iron in the United States in 1878, including 
iron rails, was 1, — net tons, which was an increase of 
73,8 tone tons over the production of 1877. In the term rolled 
we include (1) cut nails and spikes; (2) bar, angle, 


upon. 
within the 


bolt, oak and hoop i te ; 
| and, (4) ail sinea of iron taila iis. 1 {2) plate and shest irun 
classed among rolled iron products. 


New Jersey Ship Canal.—The old subject of a ship canal 
to unite the Passaic and Hackensack rivers with the 
Hudson, and so effect a saving of 12 miles by water between 
Newark and New York, is again under discussion. The 
last United States Congress ordered a survey to be made 
by the Government of a route for the proposed ship canal 
between Newark and ~ York. Three different routes 
ae bg Magy mage One is ae be Newark Bay 
ug’ Curry is would necessitate a 
cutting through the Bergen Hill rock of 4732 ft.. or about 
— a of a mile. The hill has an elevation of about 
25 ft. The second route takes a CF ee course through 
the hill, and would save my Kang fae . of cutting, atid the 
third would follow a straight from Newark Bay, near 
the Beacon Light, to a point midway ey the two ba: . 
where they intersect the Morris Canal, and then follow 
line of the canal all the way to New York Bay. No Semel 
rg ap of opinion has yet been made, but it is believed 
hat the canal is feasible and that it will be of enormous 
, and New York. No esti- 
a but it will foot up to at 
least 2,000,000 dols. General Newton will make a rt 
to the United States Government upon the whole question. 


nant era sel the exhaustion of the 
pine forests of the lower peninsula of is only a 
question of time, but as that term is used in the State it is 


standing pin of t 
river and its tributaries = furnish 600,000,000 
seund lumber for 17 years, and then the supply would. be 
exhausted. The time allotted for this i 
to a close, but the supply is as Ser te reg Bo 
last far into the future. Geledentde Lonenat bie ant 
inexhaustible 
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SKIMMING MILK BY CENTRIFUGAL 
ACTION. 


One of the results of modern systems of dealing 
with agricultural produce has been the growth in 
most civilised countries of large establishments for 
carrying out dairy — in a wholesale way, 
such establishments being really manufactories in 
which mechanical appliances can be largely and 
profitably used to assist or replace hand labour. 
Amongst the operations to be performed in connexion 
with such manufacturing dairies as we may call them, 
the skimming of milk occupies no unimportant place, 
yet until comparatively recently no efficient means of 





at a constant temperature of about 50 deg. 
means ofice. According to the mode o' 
usually followed in this country, on the Continent, 
and in America, the separation of the milk and cream 
occupies from 24 to 96 hours, the result being that in 
some cases the milk will not stand the period of ex- 
posure required to effect the thorough separation of 
the cream, 

Under these circumstances, the idea some years 

o occurred of, as it were, intensifying the action 
of gravity by employing centrifugal force, and thus 
effecting the separation of the milk and cream more 
promptly. As this mode of operating has during 
the past week been shown in action at the dairy at 
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consisted of a vertical shaft carrying arms pro- 
vided with hooks on which vessels containing milk 
were hung. The shaft was driven at a great speed ; 
but it was found that in stopping the machine the 
milk was spilt, and, moreover, it got to some extent 
remixed with the cream. In 1875 another centrifugal 
machine was exhibited at Frankfort-on-the-Maine 
by Professor A. Brandtl, of Weihenstefan, and, in 
1878, yet another machine, with the same defect 
= Mr, Lefeldt’s, was patented and exhibited at 

ue, 

one of these machines answered their purpose, 
and it was left for Mr. F. Wannieck, of Brinn, 
Austria, to produce a machine of real practical value, 









































LEFELDT’S CENTRIFUGAL MILK-SKIMMING MACHINE, CONSTRUCTED BY MR. F. WANNIECK, ENGINEER, BRUNN, AUSTRIA. 


accelerating the ordinary mode of separating the 
milk from the cream had been perfected. As is well 
known the mixture of the milk and cream is a purely 
mechanical one, the lighter fatty particles of the 
cream being as it were entangled in those of the 
milk and separating from the latter by the action of 
gravity if the mixture is allowed to remain undis- 
turbed fora sufficient length of time. 

Experience has shown that the separation of the 
cream and milk is facilitated by maintaining the 
latter ata low temperature ; but even under the most 
favourable circumstances the natural separation of 
the two substances is a slow operation. The shortest 
time, in fact, in which the separation has ever been 


thoroughly produced—so long as the ordinary action 
of aaa is relied upon to effeet the ion—is, 
we believe, about twelve hours, the milk in this case 


being treated on Mr. Senwartz’s plan, and kept 





the Royal Agricultural Society’s Show at Kilburn, 
it may be interesting to trace the development of 
the process. So faras we are aware, the first sugges- 
tion of this kind was made by Professor C. F. 
Fuchs, of Carlsbad, who, in 1859, proposed to 
employ centrifugal force to prove the amount of 
cream in milk, while in 1864 Mr. Brandtl, a brewer 
of Munich, applied centrifugal force to the skimming 
of milk on a large scale. The results of his experi- 
ments, however, were not published. 

Later on, on the occasion of an agricultural show 
at Vienna, Mr. Lefeldt, an engineer of Schémmigen 
(Germany), was entrusted with the task of investi- 
gating the subject and producing a ical ma- 
chine for skimming milk by centrifugal action, and 
in 1874 such a machine constructed by Mr. Lefeldt 
was exhibited at an agricultural show at Bremen, 
This machine—which, however, did not answer— 








The centrifugal skimming machine, as now made by 
Mr, Wannieck, is shown by the engravings which 
we annex, while the di Figs. 1 to 4, on the 
following page, will explain its mode of action. 
In these diagrams A is the drum of a centrifugal 
machine containing the milk to be treated, this 
drum being provided with @ couple of internal 
paddles which insure the milk g carried round 
at the same as the drum. At the top the . 
drum is partially closed by the cover B, while 
within is a conical diephem C, which reaches 
nearly to the bottom of the drum, as shows, A 
fannel D dips. into the drum within the conical 
iaphragm, this funnel being supported e cover 
E which does revolve, it being carried by the ex- 
ternal casing M of the machine. — 

The vertical shaft of the drum runs in two bearings 
as shown by the section, Fig. 5, annexed, this view 
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— 
also showing the other constructive details more 
clearly than Figs. 1 to 4. It will be seen that the 
external case carries at its top an annular trough 
S, this trough being furnished,at one side with a dis- 
charge spout 8,. The revolving drum is furnished 
at the bottom with discharge cocks T,. The mode of 
driving the drum will be readily understood from 
Figs. 5 and 6. The base of the machine is con- 
nected to a couple of pieces of timber which carry 
the standards for supporting a short horizontal 
countershaft provided with fast and loose pulleys 
and a larger pulley from which a twisted belt is led 
off to the pulley on the vertical shaft of the revolv- 
ing drum. The speed given to the latter is 1000 
revolutions per minute and the belt driving it passes 
under a tightening pulley adjusted by the lever 
shown, this tightening pulley enabling the drum to 
be started gradually. A light belt on the vertical 





spout §,. The cream having been thus collected, the 
machine is stopped, and the skimmed milk run off 
through the cock T. 

With two machines containing 11 gallons each, 
250 gallons of milk can be effectively med in a 
day of ten hours, while the operation requires no 
skilled labour and but very ordinary care. Owing to 
the short time required, also, all chance of the milk 
turning sour is avoided, and the butter made from 
the cream is considered of first-rate quality. Another 
advantage of this system, which was not at first 
counted upon, lies in its thoroughly separating from 
the milk alldirt which may have become mixed with it 
either during the process of milking or subsequently. 
This dirt, which collects as indicated in Fig. 4, smells 
badly, and an astonishing amount of it is separated 
by the centrifugal action even from milk which has 
been carefully filtered through hair-cloth, thus 


shaft of the drum gives motion to a revolution | showing that the hair-cloth filters usually relied upon 


counter as shown. 
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The mode of using the apparatus is as follows: 
The drum having been charged with milk to the 
height indicated in Fig. 1, is set in motion, and as 
the speed increases the milk assumes the position 
shown in Fig. 2, and eventually that indicated in 
- 3. In this position the particles of the milk 
will evidently, under the influence of the centrifugal 
force to which they are subjected, have a tendency 
to arrange themselves in layers in the order of their 
specific gravity, the heavier particles moving out- 
wards, while the light or fatty particles collect on 
the inner surface of the liquid column, The action 
of the centrifugal force being much more energetic 
than the ordinary action of gravity, this separation 
of the different particles of milk takes place very 
much more rapidly than when milk is allowed to 
stand in the usual way, and after the drum has been 
running at from 800 to 1000 revolutions per minute 
for from 25 to 30 minutes, the cream is found to 
have collected on the inner surface, as indicated in 
Fig. 4, while all dirt in the milk has been thrown 
outwards again-t the side of the revolving drum. 

The next operation is to remove from the revolv- 
ing drom the cream thus collected. This is effected 
as follows: It will be noticed that the amount of the 
charge of milk is such that when it is, by the action 
of the centrifugal force, thrown into the form of an 
annular column, the inner circumference of the 
column is just level with the inner circumference of 
the partial cover B of the drum. To remove the 
cream some milk—generally skim milk—is poured 
down the funnel D, and falling within the conical 
diaphragm C, passes under the lower edge of the 
latter, as indicated in Fig. 4, The milk so intro- 
duced passes into the charge without distarbing the 
layer of cream, and the latter being displaced in- 
wards, flows over the inner edge of the anvular 
cover B, and escapes into the trough S, from which 
it is discharged into suitable vessels through the 





are far from being thoroughly efficient. 
Fig.3 
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Although the system of centrifugal skimming 
which we have been describing is not calculated to 
be of service to a single farmer unless he be 
engaged in dairy farming on a very large scale, Ea 
it is one which will probably prove of much value 
to firms collecting milk from a number of farmers 
and dealing in dairy produce. In September, 1877, 
an establishment fitted up with these centrifugal 
skimming machines was started at Kiel (Germany) 
by an association of eighteen farmers, and it has 
proved successful in every respect, and is increasing 
rapidly. At Flensburg, Hamburg, Liibeck, Magde- 
burg, Berlin, Darmstadt, Hanover, Rigi, Portici, 
Mailand, Copenhagen, and Briinn, establishments of 
a similar kind have also been started, or are in pro- 
gress of construction, so that on the Continent the 
system has already taken a strong hold. In con- 

usion, we must acknowledge our indebtedness to 
Mr, E, Schliegel, of Mr. Wannieck’s works at Briinn, 
for the particulars of the system of skimming which 
we have Jaid laid before our readers, 








PORTABLE AND FIXED ENGINES AT 
THE KILBURN SHOW.—No. III. 

TURNING now to the engines in the north-east 
corner of the show-yard, we have first to notice 
Messrs. Robey and Co.’s exhibit. ‘This was a very 
extensive one, but did not contain much that calls for 
special mention here, simply from the fact that the 
engines shown were of types which we have already 
fully noticed. Thus the horizontal engines shown 
were of the type illustrated by us in connexion with 
the last Smithtield Show,* with a massive girder 
bedplate of very good design. Vertical engines of 
the pattern which we gave an engraving on page 457 
of our twenty-fourth volume were also shown, the 4 
and 6-horse power having thier patent tubularvertical 





* See ENGINEERING, vol. xxvi., page 466. 





boiler, which we illustrated some time ago (vide 
page 34 of our eighteenth volume). Messrs. Robey 
also showed 6, 10, and 12-horse power fixed 
horizontal engines placed under locomotive boilers 
(to work at 80 Ib.), a form of combined engine of 
which this firm make a specialty. The two larger 
sizes have two cylinders, jacketted, and fitted with 
variable expansion gear. The exhibits also included 
a good show of portables and a traction engine all of 
these makers’ standard patterns. Messrs. Robey, 
we may mention, had unusual difficulties to contend 
with in getting their exhibits into decent order, for 
bad as the show-ground was everywhere, it was in 
few places so bad as in their immediate neighbour- 
hook Their stand was in fact surrounded by a 
quagmire almost impassable for heavy loads, and 
some of their engines bad to remain and be ex- 
hibited in the mud from the ~—_ impossibility of 
getting them anywhere else. Under the circum- 
stances the excellent show they ultimately made 
was highly creditable to their energy. 

Messrs. Woods, Cocksedge, and Co., in a large 
exhibit of implements, showed three small vertical en- 
gines and an 8-horse power horizontal, with variable 
expansion and jacketted cylinder. Mr. F. W. 
Turner's verticals are of a pattern which we noticed 
on a former occasion, we shall have something to 
say about his gas engines further on. Messrs, 
Thomson, Sterne, and Co., Limited, showed, along 
with the hydro-carbon engines and Clerk’s gas 
engines,* both of which we have illustrated, a small 
steam engine of novel arrangement, the patent of 
Mr. Dugald Clerk, and called by him the ‘‘ domestic 
motor.” This little machine does work equal to 
about one-tenth of a horse power, and resembles a 
very small vertical engine enclosed in a column, and 
having a boiler of special form placed above it, the 
whole taking up, with column and casing, about as 
much room as an ordinary 4 in. vertical engine 
without its boiler. The boiler of this ‘‘ domestic 
motor” constitutes the specially novel feature of the 
machine, although there are also some special details 
about the engine itself. The boiler consists of a series 
of gun-metal plates over which the water— continually 
pumped in from a tiny pump at one side of the ma- 
chine—is distributed in the form of exceedingly fine 
spray. The plates are heated by Bunsen burners, and 
by contact with them the spray is wholly converted 
into steam, so that there is never any water lying in 
the boiler. If any water comes down unevaporated, 
it simply passes into the cylinder direct. ‘This in- 
genious little machine costs only 15/. in Glasgow, 
and must, we should imagine, be more economical 
than any of the gas engines of similar power that 
have yet been brought forward. We hope to hear 
more of it when its working has been further 
tested. 

Messrs. A. H. Bateman aad Co., of East Green- 
wich, in a collection of various details, showed a 
Smith’s “double chamber” vertical boiler, made 
for them by the Smith’s Patent Boiler Company, of 
London. ‘This boiler is called 8-horse power in the 
catalogue, but a larger size, apparently, is exhibited, 
—it is cut in half, tubes and all, to show its con- 
struction. It may be described asa boiler of the Field 
type with a combustion chamber above the fire- 
box, communicating with it by a tube or tubes, 
and containing itself a second setof hanging tubes, 
like those in the firebox. Each outer tube is fixed 
into the boiler-plate in the usual way, and each 
inner or circulating tube has a perforated cast-iron 
spherical cap, which acts as a deflector, and which 
has a large neck, clear of the small tube, which 
drops into the large one and keeps the whole steady. 
The hanging tubes used in this boiler are much 
larger than ‘‘ Field” tubes are usually made, they 
being 3 in, in diameter, while the inner tubes with 
their hollow spherical caps are merely dropped loosely 
into the outer tubes, so that they may be readily re- 
moved for cleaning. We are somewhat doubtful 
whether it is a good principle to increase the distance 
between the firegrate and the water level in the way 
it is done in this boiler so as to generate steam (pro- 
bably) so very far from the only part of the boiler 
where it can free itself from the water. On the 
other hand, the arrangement enables a boiler with a 
large amount of heating surface to be got on a very 
small area of base, and hence we should be glad to 
hear, in some exact form, the results which have 
been obtained from it; the data derived from a single 
well-conducted experiment being of greater value 
than any number of testimonials. A special feature 


* In our recent notice of Clerk’s engine it was by an error 
stated to be ‘‘ double acting,” whereas it is sing acting. 
We shall shortly illustrate this engine in its latest form. 
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in the constructive details of the boiler of which we 
have just been speaking is the form of elastic stays 
employed between the crown of the upper chamber 
po the crown of the outside shell. In these stays 
the upper end, instead of being directly attached to 
the shell, is furnished with a nut and washer bear- 
ing upon a strong copper-coated spring, which is 
enclosed in a wrought-iron casing rivetted to the 
shell of the boiler, as shown. By the use of this 
arrangement the firebox and combustion chamber 
are allowed to expand or contract relatively to the 
shell without materially affecting the tension on the 
stays. 

, the numerous other exhibits to be 
found at Messrs. Bateman and Co.’sstand, a number 
of examples of metalline bearings deserve notice. As 
most of our readers are doubtless aware, these bear- 
ings run entirely without lubricant, and we have 
heard very satisfactory accounts of their performance 
when used under suitable conditions. In loose 
pulleys they appear to give excellent results. Messrs. 
Bateman also showed a number of examples of 
engine fittings and specimens of a eager 
of wrought-iron firebar made by Messrs. Hopewell 
and Co., of Exeter, these bars being of plain rect- 
angular section, but having bosses rolled on them 
at intervals on one side to give the requisite air 
spacing. 

Messrs. Tangye, Brothers, and Holman made, as 
usual on such occasions, an excellent show ; it must 
be said for them, too, that their stand was one of 
the earliest to assume anything like a ready ap- 


pearance. The principal novelty at their stand was a 
four-horse power semi-portable engine very neatly 
arranged. It is simply one of the firm’s ‘‘ Soho” 


engines placed horizontally on the top of a cylindri- 
eal tubular boiler, fired externally underneath, the 
gases passing back through the tubes. The furnace 
is lined with firebrick and the whole covered neatly 
with sheet iron, Messrs. Tangye have named this 
arrangement the “Colonial.” It appears one which 
should be very convenient in many cases, especially 
abroad, or where any trash fuel has to be used, as 
the external grate can be made comparatively very 
large without difficulty. The same firm also show 
two neat combined vertical engines with cross tube 
boilers on wheels and two three-cylinder Willans’ 
engines. They have, we are informed, found it 
advisable to fit these engines with a short piston 
rod and guides instead of jointing the connecting 
rod direct to the piston, and the engines exhibited 
contain this improvement. Messrs. Tangye’s ordinary 
engines and pumps, of which they made a great 
show, are too well known to need any detailed 
notice here. 

We described and illustrated last week the ice- 
making machinery exhibited by the Atlas Engine 
Company (Limited), of Birmingham. This firm 
showed also several horizontal engines of their well- 
known form, which is also a well-designed one ; the 
vertical engines, by the way, would perhaps be the 
better for having a slide rod guide. hey exhibited 
also a three-horse power colonial engine (5}in. in 
diameter, by 9 in. stroke), which they have specially 
designed for export. It is of very simple and 
straightforward design, with bent crankshaft, ad- 
justable guide bars and crosshead, and steel piston 
rod, and has neat oil retainers cast on the frame 
throughout. The flywheel can be placed on either 
side at pleasure. 

The Barrow Shipbuilding Company showed two of 
the well-known tubular boilers which they make, 
one of which was at work. In these boilers several 
improvements in constructive details have been 
introduced since we last noticed them, and we hope 
shortly to illustrate the latest pattern adopted. 
Meanwhile we may state that the improvements 
include shortening the (approximately) horizontal 
tubes, and greatly increasing their angle, and also 
increasing the area of the back vertical tubes. ‘Che 
connexion between the horizontal and vertical tubes 
has also been improved so as to secure through it an 
area equal to the full area of the horizontal tubes. 
The upper tubes, which are superheaters, are also 
now so connected that there may be a current of 
steam through them, while the steam receiver above 
is connected direct to the feed receptacle below. The 
firm also showed two small compound engines. One 
of them, the ‘‘ Barrow” engine (which has been de- 
signed specially to make use of the high steam 
pressures suitable to the tubular boilers), is a 
small horizontal engine with the cylinders set side 
by side and connected to the same crosshead, the 
guides for which occupy the space between the two 
piston rod heads. One valve, worked by a single 





eccentric, suffices for the steam distribution of both 
cylinders. It is now very generally admitted that 
boilers of the water tube type do not have fair play 
when worked with steam at low pressure, on account 
of the relatively large volume a oy by the steam 
as generated at such pressures. But on the other 
hand there are comparatively few engines in the 
market thoroughly fit to work at pressures of 140 lb. 
to 150 lb. per square inch, and it is to supply this want 
in a simple form that the engine of which we have 
just ikon has been designed. The other engine 
is a compound three-cylinder engine, in form re- 
sembling a Brotherhood, but with the cylinders of 
three different sizes, and the steam expanding 
successively into the three. The distribution of 
the steam is effected by a single valve worked by 
an eccentric enclosed in the engine casing. We 
hope shortly to illustrate both the engines just 
mentioned. 

The Patent Steam Boiler Company, of Bir- 
mingham, showed a ‘‘ Root” boiler with Knap’s patent 
mechanical stoker. The former needs no description, 
as it is now thoroughly well known; the latter, it 
may be remembered, is an apparatus which receives 
fuel from a hopper, breaks it by a series of star- 
shaped cutters revolving slowly in a case, and then 
delivers it on to the front of the grate, the bars of 
which receive, mechanically, a continuous rocking 
motion. 

Messrs, Abbott and Co., of Newark-on-Trent, 
had a capital show of vertical boilers, both cross 
tube and tubular. There is nothing specially novel 
about the construction of these boilers, which are 
very good examples of their type, both as to pro- 
portions and workmanship, but we are glad to notice 
that this firm is adopting steel for boiler shells very 
largely, and apparently with great success. The 
material used by them is Cammell’s ‘ sub-carburised” 
steel, a material which, like other so-called ‘‘ mild 
steels,” verges closely on the properties of a very 
high-class wrought iron. A number of specimens 
which Messrs. Abbott had on their table spoke 
extremely well for its ductility cold, and they say 
that they have no difficulty whatever in working it 
hot. They punch and rimer the rivet holes, and use 
Lowmoor rivets, They find that they can sell boilers 
of this material at the same pees as iron boilers, the 
reduced weight of the steel just about compensat- 
ing for its increased cost. In their smaller boilers 
(one and two ge gg | they make the whole 
shell out of one plate. ey exhibited also two 
of Cochran’s boilers, and a number of Jordan’s 
patent dead load safety valves, in which the valve 
itself is a sphere with a passage through it, the 
lower part of the sphere resting on the seating, while 
the weights or spring casing rest upon the upper 
part, the underside of the weights or casing being 
cupped out and faced. In this way the valve has the 
greatest possible freedom of motion, and the dis- 
charge, for a very small rise of pressure, can take 
place through two openings, 

Messrs. May and Mcuntain exhibited, along with 
sundry pumps, including especially a bucket and 
wer cad type neatly arranged, a 10-horse power 

orizontal engine with a new automatic cut-off gear. 
A lay shaft placed parallel to the axis of the cylinder 
drives the governor and drives also a long cam, 
which is, however, free to slide upon it. The cam 
gives motion to a rocking shaft passing through the 
valve chest, which in turn by means of levers, moves 
a gridiron cut-off valve across the back of the main 
slide. The point of cut-off depends on the position 
of the cam, and this being regulated by the governor, 
gives the latter complete control of the expansion. 
The engine exhibited is, we believe, the first of its 
type made, and there is no reason why, in future 
engines, the gear should not act quickly enough, 
although, in the present one, owing perhaps to some 
mis-proportioning of the cam or the valve, the 
action is somewhat sluggish; the arrangement is 
certainly simple enough, and we shall be glad to 
hear more about it. 

Vosper’s four-cylinder engine (shown by Mr. 
Okes) we have already illustrated. Close to it was 
Hayward Tyler and Co.’s large collection of engines 
ond other machines. They showed one of their 
8-horse power engines with Rider’s automatic ex- 

sion gear, such as was exhibited at Paris and 
illustrated by us at the time. They also showed some 
small combined engines and three of Rider's hot-air 
engines. Of the latter we shall have to say some} 
thing further on. Amongst the steam engines ex- 
hibited by Messrs. Hayward Tyler and Co. we may 
especially mention a type of 3 and 4-horse engine 
which they have brought out for driving soda-water 


machinery, and to which they have given the name of 
the ‘‘Bramah” engine. These engines are of a stron 
and simple design. Messrs. John Hands and Sons, o 
Birmingham, showed one or two small engines, in- 
cluding a substantial looking 2-horse power engine 
with a Corliss frame and Porter governor, A 
Brotherhood’s three-cylinder engine (7 in, by 
6 in.) was shown by the Hydraulic Engineering Com. 

ny, of Chester, who manufacture this form under 
icense from the patentee. Mr. Hett, of Brigg, 
showed one of his 24-horse power ‘‘ Universal” hori- 
zontal engines, a type which he introduced some 
years ago, and which may be regarded as the pre- 
cursor of several very similar patterns now in the 
market. We consider, however, that Mr. Hett’s 
design would be much improved by less spread bein 
given to the main bearings. Messrs. Chapman an 
Sutton, of Limehouse, showed some vertical engines 
and horizontal combined engines. They exhibit 
also their self-oiling bearing, which we have already 
illustrated,* one being shown with the cap removed 
in order to make its working more visible. Messrs. 
Henry Tittley and Son, of Smethwick, showed several 
small engines of different types, the design of which 
is by no means without merit. But the want of 
metal in their connecting-rod caps, and the use of 
studs in the heads instead of bolts, is not ‘ofa 
piece” with the rest of their work. This firm, b 
the way, and a good many others too, seem to t 
that massive brass (or ‘ gun-metal’’) eccentric 
straps improve an engine. No doubt they know 
best what makes an engine se//, but from an engi- 
neering point of view it seems always a pity to use 
brass when cast iron will do in every respect not 
merely as well, but much better as faras durability 
is concerned. The 6-horse power combined engine 
and boiler of Messrs. T. Robinson and Son, of 
Rochdale, had no special features unless it be the 
mode of fixing the eccentric rod on the (brass) 
strap, which is done by the help of two screws 
and a dovetailed mortise. No doubt it wil! hold 
well, but it is rather an expensive luxury. Messrs. 
Archibald Campbell and Co.'s ‘‘ Simplex” engines 
(six were exhibited all with vertical boilers) deserve 
mention on account of the roughness of their castings, 
while the — engines of Messrs. W. N. Nichol- 
son and Son, of Newark, we have already noticed, 
We may mention, however, here that in another 
part of the show-ground Messrs, Nicholson and 
Son exhibited a portable differing from ordinary 
types. This engine, which was employed in driving 
en Rec omy hoist, had a boiler of the 
ordinary locomotive ty ing on its top a neat 
pattern of forked maties belaite, The cylinder 
is bolted to one end of this bedplate, and has also 
a connexion by an angle iron with the boiler, while 
the other end of the bedplate which has the crank- 
shaft plummer blocks cast in one piece within it, is 
well bolted down to wrought-iron bracket plates 
rivetted to the boiler. The engine is fitted with a 
high-speed governor, and is of a neat and simple 
design generally. Messrs. Death and Ellwood’s 
engines are substantial but can hardly be said to be 
beautiful or highly finished. They exhibited a 
3-horse vertical combined, and 6-horse power and 
25-horse power horizontals, the latter with a separate 
expansion valve on the back of main slide, The 
use mild steel for all their rods and caseharden all 
pins. 

Messrs, Cater, Walker, and Son exhibited one of 
their well-known multitubular boilers, which em- 
bodies several improvements over former ones, 
These are, first, that the boiler is entirely made of 
unild steel (Weardale Bessemer), the rivet holes are 
punched and rimed and iron rivets used. Secondly, 
that all rivetted joints are removed from the fur- 
nace (which, as may be remembered, is external) by 
using one steel plate along underneath the whole 
length of the boiler; and third, by the addition of 
a ‘mud drum” or sediment collector placed below 
the back end of the boiler and communicating with 
it by means of a vertical. pipe, All these are sub- 
stantial improvements in what was before a very 
efficient type of multitubular boiler. The same firm 
showed also one of Atkinson’s feed-water heaters 
(which they manufacture), the construction of which 
is familiar to our readers, and an ordinary vertical 
cross tube boiler. 

Messrs, Halsey and Co. showed three of Halsey’s 
patent three-cylinder engines, and one of his two- 
cylinder engines, as well as a steel boiler. Messrs. 

olborow and Co, (Stroud) exhibited an 8-horse 
power horizontal engine fitted with Mr. Halpin’s 
automatic cut-off gear, one arrangement of which we 








* See ENGINEERING, vol, xxv., page 170. 
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TRACTION ENGINE WITH AUTOMATIC VALVE GEAR. 
CONSTRUCTED BY MESSRS. MARSHALL, SONS, AND CO., ENGINEERS, GAINSBOROUGH. 
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PORTABLE ENGINE AT THE KILBURN SHOW. 
CONSTRUCTED BY MR. J. D. GARRETT, ENGINEER, BUOKAU, MAGDEBURG. 
(For Description, see Page 26.) 
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illustrated a few weeks since*, and also a 6 horse 
power horizontal engine of their ordinary type. It 
may be remembered that about a year since} we 
Se an account of a trial of an engine made 

y this firm, in which exceedingly good results were 
realised, the engine (compound condensing) using 
only about 20.5 lb. water per indicated horse power 
perhour. Of the engine fitted with Mr. Halpin’s 
gear we shall have more to say hereafter, when we 
shall publish indicator diagrams taken from it. 

We mentioned last week Messrs, Davey, Paxman, 
and Co.’s stand, They intended to exhibit a 192- 
horse power engine of a new type, which duly 
arrived in London, but which, unfortunately (along, 
doubtless, with many other exhibits), never got 
into the show-yard for reasons which need not be 
specified. Their exhibit was, as uaual, a very good 
one, but did not contain anything new in the way 
of stationary or portable engines, with the excep- 
tion of a portable engine boiler made of Landore- 
Siemens steel, and an excellent piece of work. 
Messrs. Davey, Paxman, and Co. are, we under- 
stand, likely to use steel ead for their port- 
able boilers, and by the side of the boiler just 
mentioned they exhibited a number of samples of 
the material illustrating its toughness and ductility. 

Of Messrs. Clayton and Shuttleworth’s exhibits 


* See ENGINEERING, vol. xxvii., page 480. 
t+ See ENGINEERING, vol. xxy., page 386. 
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we last week only gave a passing notice, they not 
having been fully arranged at the time our former 
article was written. The collection of engines sent 
by Messrs. Clayton and Shuttleworth to Kilburn 
was for extent and workmanship fully up to the 
usual high stand of the firm, but it included no 
special novelties. The stationary engine shown by 
Messrs. Clayton and Shuttleworth this year was a 
20-horse horizontal engine, which was a most 
beautiful specimen of workmanship and high finish. 
In their portables Messrs, Clayton and Shuttleworth 
have introduced no new features since we last spoke 
of them, except some modifications of detail in their 
straw-burner, which we illustrated in our last 
number but one (vide page 572 of our last volume), 
Besides their portables of various sizes and an ex- 
ceedingly neat 4-horse semi-fixed engine, Messrs. 
Clayton and Shuttleworth also showed a couple of 
traction engines, one of them a single-cylinder and 
tbe other a double-cylinder engine, and both of 
patterns which the firm have for some time adopted. 
One of the engines, however, is fitted with a new 
form of slide valve, of which we hope hereafter to 
be able to give engravings. 

Messrs. Hornsby and Sons, of Grantham, were 
also large exhibitors of portables this year, but their 
engines were not marked by any departures from 
their well-known desi + Boa 4 Holmes and Son, 
Messrs. Tuxford and Sons, Messrs, William Foster 





and Co., Messrs, Brown and May, Mr. Frederick 
Savage, and Messrs. Barrows and Stewart also are 
all makers who showed engines of their established 
types, the latter firm, however, showing a new 
pattern of traction engine, a special feature in this 
engine being the construction of the driving wheels, 
Instead of ordinary spokes these wheels have the 
rim and boss connected by wrought-iron plates or 
discs, having holes cut in them for lightness. Each 
wheel has two of these disc plates, and this mode of 
construction, although perhaps somewhat expensive, 
certainly makes a very neat and substantial job. 

We this week fulfil the promise made in our last 
number, and give on the opposite page engravings 
of the 8-horse traction engine with automatic ex- 
pansion gear, exhibited at Kilburn by Messrs. Mar- 
shall, Sons, and Co., of Gainsborough. In this 
engine Messrs. Marshall have, as we stated in a 
former article, made a very decided step, and they 
have produced an engine which, while self-moving, 
and in no way crippled in its powers of hauling, is 
yet capable of working with high economy when 
employed in driving machinery. The general ar- 
rangement of the engine is shown by Fig. 1 on 
page 24, from which it will be seen that the cy- 
inder is bolted to the boiler near the front end, 
while the bearings for the crank and countershafts 
are carried by a strong wrought iron box frame, the 
side plates of which are very stiff, and are double 
rivetted to the flat sides of the firebox casing. The 
cylinder is 9} in. in diameter, with 12 in, stroke, the 
working barrel being, as in all Messrs. Marshall’s 
steam-jacketted cylinders, made of extra hard metal, 
and forced tightly into the external shell. This shell 
formsin the engine under notice both the steam jacket 
and steam dome, and it is provided with a top cover 
carrying a couple of safety valves (one a lock-up 
valve), the removal of this cover giving access to the 
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stop-valve, which is a slide valve fitted on the top 
of the valve chest. The cylinder and valve chest 
are provided with a strong all round, giving 
a large area of —. on the boiler, and the Jacket 
is arranged so that it is well drained, the drain being 
distinct from the steam supply. The slide valve is 
one of Church's circular equilibrium slides of which 
we have spoken on former occasions, and which we 
hope hereafter to illustrate. This valve bein 
relieved of pressure can be moved very easily, an 
advantage has been taken of this to connect the link 
motion with the governor in the manner we are about 
to explain, and to thus obtain a variable cut-off with 
a single valve, and controlled by the governor. 

The arrangement of the automatic expansion 
gear, which forms the chief feature of the engine, 
can be best explained by reference to the general 
view, Fig. 1, page 24, combined with the diagram 
view of the gear, Fig. 2 subjoined, the parts 
being similarly lettered in the two figures. The 
Jink motion is of the shifting link type and is of the 
ordi pattern used by Messrs, Marshall, the 
reversal being effected by a reversing lever provided 
with a catch plate in the usual way. Instead, how- 
ever, of the reversing rod a being coupled direct to 
the arm on the weighbar, it is coupled to the upper 
end of a rocking bar 4 which turns on a centre ¢ at 
its lower end. This rocking bar is curved to an 
arc struck with a radius equal to the length of the 
rod d, this rod being connected at one end to an 
arm ¢ on the weighbar/, while the other end embraces 
the rocking bar 4. The concave side of this rocking 

















bar, we should state, has small grooves formed in 
it, and the outer end of the rod d has a fitting piece 
provided with ridges fitting these grooves, and 
capable of being adjusted so as to cause the outer 
end of the rod d to move on the rocking bar with 
any desired degree of friction. This device has been 
adopted to check sudden movements of the governor 
and thus prevent hunting. To an intermediate 
point on the rod d a link ¢ is coupled, this link being 
connected to the governor by the lever £, the arrange- 
ment being such that when the governor balls are 
closed, the parts occupy the positions shown in our 
engravings, the outer end of the rod d being then at 
about the centre of length of the rocking bar 6. 
From what we have already said, it will be seen that 
if the reversing lever be put in mid-gear, the curved 
bar 4 will be upright, and while in this position any 
motion given to the radius rod d by the governor 
would be without effect on the valve gear. If, how- 
ever, the reversing lever be put into either forward or 
backward gear, the results will be different, the 
arrangement being that the movement of the radius 
rod d due to the opening of the governor balls will 
“notch up” the link motion, and thus produce an 
earlier cut-off. The governor employed is Hartnell’s 
and it is sufficiently powerful to have good command 
of the work it bas to do. The arrangement is 
altogether an exceedingly ingenious one, and the 
indicator diagrams, Figs. 3 to 7 on page 24— 
taken from the engine exhibited when working with 
different loads—show that its action is exceedingly 
satisfactory. ‘The whole of the link motion and 
governor, together with the bearings for the weigh- 
bar and guide for the valve spindle, are, we may 
mention, carried by a single bracket of neat design. 
The weighbar works in long steel bushes, while the 
governor spindle is provided with an upper bearing, 
consisting of an adjustable conical bush, and a 
bottom bearing formed by a gun-metal step, the toe 
of the governor spindle working in this step being 
turned to Schiele’s anti-friction curve, every point of 
which is subject to equal wear. 

The engine has a crankshaft 34 in. in diameter, 
while the diameter of the countershaft is 4 in. and of 
the main driving axle 5 ino. throughout. The 
plummer-blocks for the crankshaft are fitted with 
wrought-iron caps, and are let down bo lily into the 
stiff wrought-iron horn-plates or frame-plates already 
mentioned, the brasses being provided with a wedge 
adjustment. The main bearings for the counter- 





shaft are also let into the frame-plates in a similar 
manner, while the bearings for the driving axle are 

into strong wrought-iron brackets which 
are double-rivetted to the side plates of the firebox 
casing. The brasses of all these bearings are readily 
accessible for renewals. The driving axle is fitted 
with very strong differential gear of malleable cast 
iron, and it is provided with a powerful screw 
brake. The driving wheels and leading wheels are 
all of wrought iron, the former being 5 ft. 6 in. in 
diameter by 1 ft. 6 in. broad, and the latter 3 ft. 6 in. 
in diameter by 9 in. broad. 

The road gear is arranged for two speeds, namely, 
a slow speed corresponding to 1} miles per hour 
and a quick speed of 2 miles per hour. The whole 
of the road gear is of crucible cast steel, the first 
motion being 2} in. pitch by % in. broad, while the 
second motion is 24 in. pitch by 4in. broad. The 

inions on the crankshaft are operated from the 
oot-plate by a single lever, the arrangement adopted, 
which is an exceedingly neat one, being shown by 
Figs. 8 to 13 on page 24. Referring to the views 
there given, it will be seen from Fig. 9, that when 
in slow gear the slow-speed pinion is placed imme- 
diately against the bearing. This slow pinion is 
made to revolve with the crank by two steel keys 
let into the shaft, but is free to slide endwise, and 
is made to do so when required by a steel jib-headed 
key which is sunk into the crankshaft flush with 
its periphery, the jib-head taking into an internal 
groove in the slow-speed pinion at one end and into 
a circular recess in a fork lever-collar at the other 
end. The quick-speed pinion is free to revolve on 
the shaft when not driving, and is provided with 
a hard gun-metal bush which can be replaced when 
worn; it also bears upon the flange of the slow-speed 
inion and is retained in position by a wrought- 
iron collar having a linch-pin passed through 
the shaft and seeured by a spring steel cotter. 
The slow-speed pinion is provided with a clutch 
face at the outer end, corresponding with another on 
the inner face of the quick-speed pinion. When in 
quick gear the slow-speed pinion acts as a driving 
clutch to the quick-speed pinion, and is secured in 
that position by a hand lever being fixed on its central 
sition, as shownin Fig. 12. Fig. 11, on the other 
and, represents the position of the crankshaft pinions 
when thrashing or driving any other machinery, 
both the pinions being withdrawn from contact with 
the spur wheels, and the linch-pin having been 
removed to another hole in the shaft end, thus 
securing the pinions from being accidentally slipped 
into gear. In this position both pinions are free to 
revolve with the shaft. Fig. 10 shows the pinions 
in an intermediate position when changing from 
slow to quick speed, both being free from contact, 
while Fig. 8 is an end view of the pinions and lever 
complete. Fig. 13 is a plan view of the gib-headed 
steel key which connects the slow-speed pinion and the 
deep collar at the end of the crankshaft. The arrange- 
ment of fast and slow-gear pinions, which we have 
been describing, is very simple and easily handled, 
while, as will be seen from our description, there is 
po wear going on when the engine is employed in 
driving machinery. 

The engine under notice has an ample-sized 
boiler, the heating surface on the tubes being 136.8 
square feet and on the firebox 25.5 square feet, 
making 162.3 square feet, in all. The firegrate area 
is 5.86 square feet, there being thus 27.7 square feet 
of heating surface per square foot of grate. The 
boiler has the longitudinal seams double-rivetted, 
and the flat surfaces are well pages, The working 
pressure js 1001b. per squareinch. The feed pump 
is well arranged, and the water tank contains 180 
gallons, while from 6 cwt, to 10 cwt. of coal can be 
carried in the coal bunker. The fore carriage is 
wholly of wrought iron and is fitted with a ball and 
socket turnplate, while it also carries an iron box 
containing check chains, spuds for the wheels, 
&c. The steering gear is simple and well arranged ; 
it is of course worked from the footplate, while the 
workmanship of the engine is throughout excellent. 

Another engine to which we referred briefly last 
week, and respecting which we have more to say, is 
the portable exhibited by Mr. J. D. Garrett, 
of Buckau, Magdeburg} Of the boiler of this en- 
gine we this week give an engraving on page 25. 
As we stated in our last number, Mr. Garrett has 
for many years flanged all his plates by hydraulic 
ney and our engraving shows the system which 

e has adopted for closing the bottom of the water 
space around the firebox. The section of smoke. 
box door used is also shown, as well as the turn- 
plate, which is dished to form a spherical bearing 





surface. The blast nozzle is fitted with a kind of 
spiral spreader, which Mr. Garrett has successfully 
used to prevent the discharge of sparks, this arrange- 
ment being kept clear by the occasional discharge of 
a powerful jet of live steam, the particular boiler 
shown by our engraving being fitted with such a jet 
on Messrs. Brown and May’s system for clearingthe 
tubes. A noticeable feature in the engine exhibited 
is the type of axle arms adopted, these being of the 
form shown by Fig. 4, and being constructed of 
wrought iron by a special system of forging of which 
Mr. Garrett is the patentee. The essential feature of 
this system is the production of the forgings in dies 
furnished with an opening or recess into which the 
surplus metal can flow, the pressure being so applied 
as to — this flow, a point which Mr. Garrett has 
found to be of importance in securing solid welds. 
Our engravings, Figs, 5, 6, and 7 on page 25, show 
how this forging process is carried out in the pro- 
duction of the axle arms just referred to. The axle 
is composed of a pierced disc of iron A and of 
fagotted iron B, these two pieces being welded to- 
gether and brought to the shape shown in section 
at CC, The pieces A and B, while at a welding 
heat, are placed in the lower die, and by means of 
hydraulic pressure the upper die and lower dies are 
brought together. The lower die (see Figs. 6 and 
7) consists of a hollow block of metal a coned in- 
ternally for the greater portion of its depth, and 
resting upon a plate carried by the table of the 
hydraulic press, ‘The block a is fitted at bottom 
with a circular plate 4 grooved on its under side, 
and above this are fitted three pieces 4' which give 
shape to the journal portion of the axle. The 
upper ends of these portions 4! of the die are coned 
to receive wedge-shaped pieces 4?, above which are 
placed the pieces ¢c, which together with the upper 
portions of the pieces 6! serve to mould the conical 
portion or shoulder of the axle where the weld of 
of the parts A Bis effected. ‘The upper die d is con- 
structed with a projecting coned centre e for convert- 
ing the disc into a trumpet-mouth shaped piece, and 
uniting it by oe with the faggot B, the upper 
end of which it serves to hollow out and press 
laterally against the surrounding pieces c of the 
lower die. The pieces c of the lower die are each 
provided with steel projecting pins ffor forming or 
indenting the bolt holes in the flange, and for con- 
verting the metal displaced by these pins into bosses, 
raised concentric rings are formed in steel blocks g 
fitted to the upper die, their action being to 
prevent the lateral spreading of the metal and 
cause it to fill the space to which it is con- 
fined. In the pieces 4' of the lower die an 
annular recess / is formed (at about the line of junc- 
tion of the disc with the fagotted iron) for the re- 
ception of any excess of metal that the dies may 
contain. As the metal is at a welding heat when 
placed in the lower die the rise of that die into con- 
tact with the fixed upper die under the action of a 
powerful hydraulic press causes the metal to take 
the counterpart figure of the dies, the flow of the 
metal being greatly assisted by the annular recess 4 
provided for the reception of the surplus metal. To 
release the moulded axle from the lower die a wedge 
is driven through an opening in the block a corre- 
sponding with the groove in the circular plate J, 
which plate is thereby lifted, and with it the loose 
portions 4!, 4°, and c of the die. These pieces now 
falling apart will permit of the axle being taken out 
of the die. As will be seen from our engravings, 
the axle is formed with the usual “set” or inclina- 
tion, this being obtained by giving a corresponding 
shape to the parts b', 4', of the lower die. When 
the axle is secured in place by bolts and nuts there 
is, by reason of the raised bosses, a free space for 
the circulation of air between the axle and the boiler, 
and thus the tendency of the axle to heat is greatly 
diminished. We may mention that we some time 
ago had in our possession the half of one of these 
axle arms.which had been planed down the middle 
By treating the planed surface with acid the grain 
of the iron was oe and it was rendered 
— to print from the surface engravings, the 
ines of which showed clearly the directions in 
which the flow of metal had taken place during the 
process of forging. The result was of much interest, 
and showed that _a perfect union had taken place 
between the two pieces of which each axle arm is 
formed. A print obtained in the manner we have 
described was exhibited on Mr. Garrett’s engine at 
Kilburn. Altogether Mr. Garrett has found this 
mode of forging to give excellent results. 

In our previous notice of Messrs. Shanks and Sons’ 
exhibits at Kilburn, we mentioned that that firm 
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had recently applied to their engines a special form 
of governor, and of this governor, of which a number 
of examples were shown at Kilburn, we now give 
an engraving on page 28. As will be seen from our 
illustrations, the governor consists of a spherical 
case made in two parts, and furnished with a pair of 
axes or trunnions, as shown, one of these being con- 
siderably longer than the other, and carrying the 
driving pulley. The half of the casing with the 
longer trunnion has two crossbars cast in it, and 
on them are mounted the governor arms, each of 
these arms turning on its centre, and being provided 
with a ball at each end. Traversing the casing of 
the governor is a small spindle, one end of which is 
connected to the throttle valve or expansion gear as 
the case may be, while the other end is encircled by 
a helical spring, as shown. One end of the spring 
just mentioned presses against a crossbar so con- 
nected to the governor arms that the opening of 
these arms compresses the spring, while at the other 

‘end the spring has an abutment against a kind of 
plunger which can be adjusted by a screw and ex- 
ternal thumb wheel, as shown, so as to vary the 
amount by which the spring is compressed, and thus 
control the speed at which the governor balls 
diverge. The whole arrangement is very neat and 
a handy one. 

Of the gas engines exhibited at the Kilburn Show 
we have already noticed two types, the Otto en- 
gines exhibited in a capitally a d stand by 
Messrs. Crossley Brothers and Mr. Dugald Clerk’s 
engine shown by Messrs. Thomson, Sterne, and Co., 
of Glasgow. Near the former. of these Messrs, 
Louis Simon and Son, of Nottingham, show one of 
Simon and Beechey’s patent ‘* Eclipse” engines at 
work. In this engine the cylinder is placed verti- 
cally inverted above the shaft and beside it is a 
compression pump, worked by a separate crank. 
The cylinder is surrounded by a water jacket and 
water is also contained in a ‘“ generator” placed 
above it, The mode of working the engine is that 
a mixture of air and gas (in the proportion of about 
10 to 1) is drawn into, and compressed in, the pump 
at each stroke and then transferred (passing over the 
water in the jacket on its way) to the working cy- 
linder. Here it is exploded and burnt at every stroke 
by being caused to pass through a small flame always 
burning in the interior of the working cylinder. 
The cylinder is single-acting, the — taking 

lace on its top side only. After the engine has 

een at work a short time the water becomes 
sufficiently heated to evaporate under consider- 
able pressure, and the steam thus formed enters 
the cylinder along with the gas mixture, and is 
allowed to expand with it. The hot gases are 
thus used in part simply as fuel to a 
the water. If the heat thus spent could di- 
rectly utilised the only result of this would be a 
loss, but we know that very much of the heat of the 
explosion is under ordinary circumstances lost (on ac- 
count of its sudden intensity), and if a part of this 
(otherwise lost) heat can be utilised in the evapo- 
ration of water, the steam of which afterwards does 
work, there will, of course, be a gain in economy of 
just the same kind as when the “ waste” gases of a 
furnace are used to heat feed water. Messrs. Simon 
say that this is the case, and an indicator card which 
they publish bears out their statement (which we 
have no reason to disbelieve) so far as appearances 
go. Atthe same time the account given to us of 
the extremely small amount of water used is difficult 
to reconcile with an increase of power of 50 or 60 per 
cent., which is mentioned in one of their circulars. 
The matter is one of quite sufficient importance and 
interest to be settled by exact experiment. Ad- 
vantages are claimed for this engine on account of 
the better lubrication and consequent avoidance of 
wear which results from the moistness of the work- 
ing fluid (and this is certainly a very important 
matter), and also on account of the regularity of 
speed due to an explosion occurring at each stroke, 

he governor acts both by altering the supply of 
gas and by shutting off the steam. In spite of recent 
simplifications it must be said that the engine re- 
mains somewhat complexin appearance. No doubt 
further experience may enable its makers to simplify 
it still more. 

Messrs. Thwaites Brothers were prevented from 
showing the Clayton gas engine, which was entered 
in the catalogue, by a strike at their works, which 
had unfortunately also prevented them from having 
some of their other exhibits ready in time. 

We have on a former occasion briefly mentioned 
Turner's’ patent gas engine, shown by its maker, 
Mr, T. W. Turner, of St. Albans, This engine has 





a single-acting vertical cylinder (its piston connected 


directly to the crank) into which the explosive 
mixture is admitted every stroke until it is about 
one-third full. Ignition then occurs by means of a 
gas flame continually burning outside the cylinder, 
and the piston completes its stroke by the expan. 
sion of the gases. We do not see wherein this 
mode of working differs essentially from that used 
in Bisschop’s engine. Some of the details are how- 
ever different, particularly the arrangements for 
keeping the valve cool and in good order, and the 
engine has a better appearance as a whole, but 
without further experience of its working (the two 
engines shown by Mr. Turner are the 
made) we cannot, of course, institute a definite 
comparison between them, although the patentee 
seems quite ready todo so. We hope on a future 
occasion to illustrate this engine, and we shall then 
have more to say about it, As is unavoidable with 
any gas engine working on the principle described, 
the consumption of gasis large. We hope that such 
trials of the engine may be carried out as may 
afford definite data on this head. 

The only other gas engine which we noticed was 
the Bisschop engine, of which there’ were several in 
different parts of the show-yard, This little engine 
we have already illustrated and described very 
fully*, so that we need not say more about it here. 

Rider’s hot-air engine, which is made by Messrs. 
Hayward Tyler and Co., and which seems also to be 
finding considerable application where small powers 
are wanted, was exhibited by its makers, and was also 
to be seen in one or two other stands. This engine 
was fully described by us some time since,t and 
all we need say about it here is that we continue to 
hear very good reports of its performance, The 
‘“‘ Hock” engine, which was exhibited in Paris, and 
which figured in the catalogue, did not put in an 
appearance, so that the Rider engine was the only one 
of its class shown. 

Messrs. Thomson, Sterne, and Co, showed a 
5-horse power “‘hydro-carbon” engine of the kind 
illustrated by us on a former occasion.{ This 
engine, it may be remembered, is worked by a mix- 
ture of gasefied hydro-carbon and compressed air, 
and appears likely to become a type available for 
small powers in situations where no gas can be had. 
Since we illustrated this engine many important 
improvements have been made in its details, and we 
hope on a future occasion to be able to describe it 
fully in its perfected form. 





REAPING MACHINES AND SHEAF 
BINDERS AT THE KILBURN SHOW. 
Tue show of reaping and mowing machines manufac- 

tured by Messrs. Handyside and Co., of Derby, was very 
large and conspicuous for the excellent workmanship and 
finish. They were all manufactured under the patents of 
Mr. J. E. Phillips, and combine many excellent and novel 
details. One special feature about the machines is that 
the rakes revolve around a centre over the carrying 
wheel, an arrangement possessing advantages over 
either of the positions, inside or outside of the wheel. 
As we propose shortly to illustrate. this machine very 
fully we content ourselves for the present by a passing 
notice. None of the implements exhibited are provided 
with controllable mechanism, though this can easily be 
added if desired. Besides the large implements the same 
firm showed some very neat manual reapers and mowing 
machines. 

Messrs. Samuelson and Co., of Banbury, exhibited a fine 
collection of reaping and mowing machines. Among the 
former the most important was the so-called ‘‘ Imperial,” in 
which, in addition to the usual well-known characteristics 
of Messrs. Samuelson’s standard implements, is provided 
a hinged beam and platform, in order that it may be 
reduced in width for travelling; when so folded it occu- 
pies a breadth of less than 4 ft., and can thus pass easily 
along lanes and through narrow gateways. The machine 
is also provided with a special draught mechanism, by 
which the side draught is reduced toa minimum. The 
rakes also are controllable from the driver’s seat, so that 
the size of the sheaves may be regulated at pleasure. 
The beam and small land wheel are in a line with the 
main axle, an arrangement which greatly facilitates the 
turning or backing of the machine. This, as well as 
the other implements, are fitted with the fingers which 
are a specialty of the firm. They are of the open 
pattern to allow stones, dirt, &c., to fall through, and the 
working parts are of iron faced with steel. By this ar- 
rangement the wear has always a tendency to make the 
face of the finger hollow instead of convex, the result 
being that the cutting edgesare alwayskept sharp. The 
wrought iron portion of the finger is so arranged that 
while its fibres run longitudinally, those of the guard or 
* See ENGINEERING, vol. xxvi., p- 331. 

+ See ENGINEERING, vol. xxii. page 33. 
t See ENGINEERING, vol. xxvi. page 46. 
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cross plate lie at right angles, the effect being to consider- 
ably strengthen the construction. Other of the “Im- 
perial” reapers shown by Messrs. Samuelson are not fitted 
with the controllable mechanism, and in this form the 
implement is simple, and for that reason recommends it- 
self to many farmers. These machines are fitted with 
either four or six'rakes. There was a good display of this 
firm’s “Omnium” reapers, with or without controllable 
mechanism, as well as manual delivering reapers, to cut 
either on the left or right hand, as may be desired. The 
draught of this machine is very light, although the 
width of cut for the two-horse implement is 5 ft. 5 in. Of 
the various well-known types of mowers made and ex- 
hibited by Messrs. Samuelson and Oo., we need not speak 


ere. 

The sheaf-binding apparatus exhibited by Messrs. 
Burgess and Key, whatever may be its shortcomings 
under the test of practical and continued use, merits, at 
all events, the highest for the beauty and ingenuity 
of its mechanism. The apparatus forms an attachment 
to the ordinary reaping machine, the table upon which 
the collecting and binding of the sheaves is effected, being 
an extension of the platform. Without drawings it is 
impossible to convey a clear idea of the arrangement, 
and as these are not available we must limit ourselves to 
an indication of the Fenny principles. A collector, 
formed of light curved bars, is caused to travel up and 
down the table through a slot, this motion being imparted 
from a crank on the main axle and a series of articulated 
levers. This collector, in travelling from the bottom of 
the table to the top where the tying mechanism is placed, 
collects all the straw brought on to the table f the 
rakes from the platform. On arriving at the top of the 
table the straw is seized by a pair of compress arms 
which carry the binding string, and it is also further 
compressed by a finger passing through a slot in the 


‘table, and which, after the tying has been effected, dis- 


appears beneath the table, to come up on the other side, 
when it pushes the sheaf off on to the ground. The 
binding mechanism is protected from being clogged by 
straw from the platform, by a shield which descends 
mechanically every time the rake brings round a new 
supply for binding, and which rises as soon as the straw 
is delivered on to the binding table. One of the most 
ingenious portions of the apparatus is the knotting 
mechanism, which we illustrate by Figs 1 to 14 on the 
following page. The drawing differs slightly from the 
mechanism exhibited at Kilburn, but the principle shown 
is identical. 

The string from the reel is led up through an eye 
into the clip at the end of a clip arm, and when 
this rises it draws the end of the string up through 
a slot in the platform, and the string remains dis- 
tended between the clip and the eye. As the gather- 
ing fingers deliver the corn to the compressor the 
bundle comes against the string. When the clip arm 
again descends it carries the string entirely around 


‘the bundle, and at the end of its downward move- 


ment delivers the end of the string held by it into 
another spring clip, which is open to receive it. 
Normally, this clip is kept open by a strong spring 
forcing forwards a rod, and the end of the rod turn- 
ing a small lever, the spindle of which is flattened, 
and passes between the jaws of the spring clip. When 
the rod is pressing on the lever the flattened portion 
of the spindle lies at an angle between the jaws of the 
clip, and holds them apart. At the termination of the 
downward movement of the clip arm its end comes against 
the end of the rod, and presses it back; the spring of 
the flip then causes the jaws of this clip to close, and 
lay hold of the strings which lie in it, whilst at the same 
time the clip at the end of the clip arm releases its 
hold of the spring, by reason of the tail of the movably 
jaw of the clip coming against a fixed stop. During the 
latter portion of the downward movement of the clip arm, 
a finger jointed to this arm comes down on to the 
platform, and sliding along it presses the string along 
the slot in the platform, to bring the part of the string 
which is then between the clip of the clip arm and the 
platform in a straight line with the other part of the 
string, which is between the platform and the eye, The 
two strings thus held in the clip, a little below the plat- 
form, then lie against the side of the knotter tube, The 
knotter tube then commences to revolve to tie the two 
strings into a knot, 

The knotter consists of a tube a with a hook 6 project- 
ing from its side, and forming part of a boss or enlarge- 
ment near the end of the tube, and which is shaped in thé’ 
manner shown by Figs. 1 to 4. Just before the knotter 
tube commences to revolve the strings lie against tho” 
side of the tube, and in front of the- hook, as shown in 
diagrams 5. As the tube revolves thé hook carries the * 
string in a loop around the tube, as shown in Fig. 6:; as 
it continues to revolve the part of the string which goes 
up through the platform and around the sheaf, slips off 
the enlarged boss, and crosses in front of the end of the 
tube, as shown at diagram 7, but cannot escape from 
under the hook, by reason of there being a fixed plate c, 
which the hook has to pass at this time, and between 
which and the hook the string cannot pass freely. A 
further rotation of the tube brings it into the position 
shown in Fig. 8, and then into the position shown in 
Fig. 9. The loop previously formed in the part of the 
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strings which goes to the sheaf has then been straightened 
out. This straightening out of the loop is important, and 
forms one of the peculiar features of the apparatus, as it 
enables the knot to be tied properly and securely. 

A further revolution of the knotter tube brings it into 
the position shown in diagram 10. The hook d has then 
been protruded from the end of the tube; the part of 
the strings which go to the clip # has also slipped over the 
front of the tube, and entered the hook. To insure that 
this part of the string, as it passes over the front of the 
tube, shall tighten up at once and enter the hook, the 
clip 2, as shown at Fig. 2, is capable of turning ona pin 2', 
but is pressed by a spring into the position there shown. 

During the operation above described of winding the 
strings around the knotter tube the clip gets drawn 
somewhat towards the tube. The moment, however, 
that the part of the string which goes to the clip slips 
over the front of the knotter tube the clip springs back to 
its former position, and, at once straightening the 
strings, lays them into the hook. The hook now retires 
into the tube at the same time that the tube turns back 
in the opposite direction. When the string has been 
drawn into the tube the part of it which goes towards 
the clip gets nipped or pressed between the hook and the 
interior of the tube, and the strings are then cut near to 
the clip, when the knotter is about in the position shown 
in Fig. 11. The hook then continues to retire, and the 
knotter tube to turn back, as shown in Figs. 12, 13, and 
14, the end of the string being drawn inwards with the 
tube, and taking up the slack string caused by the turn- 
ing back of the knotter tube, the coils of the knot still 
remaining around the tube. As, however, the knotter 
tube still continues to turn back, the part of the strings 
which are being drawn into the tube of the hook, slip, 
little by little, over the front of the tube until the knot is 
almost tight. 

The spring finger ¢ is that against which the part of 
the strings which pass to the sheaf come as the tube turns 
back, As the hook continues to draw in the end of the 
strings into the tube, the knot is tightened up, and then 
the now bound and secured sheaf is released by the com- 
presser; the sheaf is then at once removed by an at- 
tendant. 

To give the to-and-fro revolving motion to the knotter 
tube and a similar motion to the hook, as well as giving 
to the hook a backward and forward movement, a rocking 
shaft f is employed ; this shaft at its end has a crank 
arm on it, which is connected by a link to a crank on a 
pinion which is formed with a delay space. Working 
with the pinion is a delay wheel formed on the upper 
surface of the wheel which carries the crankpin by 
which the movements are given to the gatherer and com- 
pressor. When the teeth on the delay wheel gear with 
the teeth on the pinion they give this pinion one complete 
turn, and then it remains for a time at rest, and the turn- 
ing of the pinion gives a rocking motion to the shaft / 
On the shaft / are fixed two similar quadrants i and &. 
One quadrant i gears with a pinion on the knotter tube, 
and gives it its revolving to-and-fro motion; the other 
gears with a long pinion on the stem of the hook, and 
gives it a si revolving to-and-fro motion. The 
stem of the hook has formed on it a screw thread, which 

into a fixed nut on the frame which carries the 
notter, so that as the hook turns to and fro, it also 
moves backwards and forwards. The rear end of the 
stem of the hook also gives a to-and-fro motion to the 
knife i employed for severing the strings. The knife 
itself is of a hook form, somewhat similar to the hook d, 
and the ends of the strings which are sprung into the 
hook, as before explained, when forming the knot are 
simultaneously sprung into the hook of the knife. When 
the knife is drawn back by the backward movement of 
the hook, the knife acting close up to the —_ plate m 
cuts the strings; it acts somewhat after the hook has 
drawn the strings into the knotter tube, as the back end 
of the knife stem is acted on by nuts at some distance 
apart an — end of the stem of the hook, as shown at 

All of the mechanism in this binder are covered 
up as far as possible to secure them from damage on the 
field, and the knotting apparatus, which is the most deli- 
cate, can be slipped out of its place instantly, and only 
kopt in the machine when the latter is in operation, 

eale’s string-knotting sheaf-binding reaper was first 
noticed in our issue of July 20th, 1877, in our report 
of the Royal Agricultural Society’s Show at Liverpool. 
Since that date many modifications have been made in the 
om, and the arrangement that was exhibited at 

burn appears well balanced, so as to relieve the horses 
from the weight of the pole and shafts, and generally 
seems fit for the rough usage of the field. 

Unlike the form of reapers, this machine is 
constructed with a straight instead of a semicircular plat- 
form, and is provided with revolving beaters or dummies : 
by a very ingenious contrivance, the rakes or brushes, 
although revolving round the centre, are caused to elon- 
Fa and to follow the entire length of the platform, and 

us force backwards in sheaf quantities the cut grain on 
to a rearward platform. This second platform is pro- 
vided with slots, into which dip the prongs of a trans- 
verse rake which is centred above it. Whilst the grain 
is forced up the forward platform, the rake is in 
its backward ition, but so soon as it is delivered on 
to the second platform, the rake is caused to travel and 








BURGESS’S SHEAF BINDER AT THE KILBURN SHOW. 
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SHANKS’ EQUILIBRIUM GOVERNOR AT THE KILBURN SHOW. 
(For Description, see Page 27). 
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ROLLER MILL AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. GANZ AND O0O., ENGINEERS, BUDA-PESTH. 
(For Description, see Page 33.) 
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gather the grain to the side of the machine, 
forcing it on to and over a gathering arm, at the 
extremity of which is gripped. the end of the 
twine with which the sheaf is to be bound. 
The arm rising, surrounds the grain with twine, 
the transverse rake at the same time ro g 
to its original position, to await another supply. 
A pair of compressing arms advance as the arm 
rises, and compress the grain into a bundle. 
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upwards and into the hopper of the bind 
apparatus by a rake moving from a horizon’ 
toav or inclined position upon a hori- 
zontal axle. 

In the sheaf-binding mechanism a spur wheel 
is driven so as to make one revolution for each 
sheaf tied, whilst a second spur wheel makes 
two in the same period. This wheel is on a stud 
fixed to a bracket, and is attached to and 
carries round a lever having fixed to it a tubular 








The manner in which an absolutely slipless e | pee 

double reef-knot is formed, is exceedingly in- $$ — binder arm, the string being passed through i 

genious and effective. The gathering arm has U and in revolving is drawn off a bobbin, 

at its end a pair of pincers, which are provided on the same stud as the second spur wheel. 

with a sliding knife or cutter, so that they not The string passes through an eye in the cranked 

only grip firmly the twine on one side of their end of a rod, projecting from the end of the 

jaws, but at the same time shear it off on the ceere tubular arm; the end of this rod is wedged- 

other. The pincers hold the freed end of the aoe so as to pass between one of the blades 

twine, and when the sheaf is surrounded, a pair and the centre of the forceps piece, which is 

of forked loopers, partially rotating in their ~ § carried by a lever fixed on a crank. The 

forward movement, twist an intermediate part end of the string being held in the for 

of the twine into two loops, a taper tube %, 9 ¢ f~ ¢_ ZS _ thet piece, the compressing arm passes round 
sheaf, and the rod with the w aped end 


having within it a hook, passes through the 
prongs of the loopers, and the hook seizes the twine 
presented by the ends of the gathering arm, the 
eg being automatically opened to relieve their 

old. When the loopers rise they deposit the two loops 
they have formed on the outside of the tube, the hook 
meanwhile having drawn the free ends of the twine 
within by means of a pusher, sliding on the outside of 
the tube; the two loops are pushed off the tube, a tension 
arrangement causing them to be drawn on to the free 
end of the twine, a small fork or presser causing the knot 
thus formed to be fairly reefed ; thus an actual slipless 
knot is produced. A projection above the pusher having 
an eye at its extremity (through which the twine passes) 
leads the twine between the jaws of the arm pincers, which 
have remained open, the pincers then close, and the twine 
is cut just above the knot, the end at the same time 
being gripped ready to repeat the operation, and the tied 
sheaf being liberated (through the compressors having 
descended) falls gently to the ground. A rack and 
pinion is used to wind the tying apparatus inwards 
or outwards, so as to accommodate the position of 
tying to the length of the grain to be treated. It is 
claimed as a considerable advantage that there is no 
liability to shed the corn, as the ears are untouched 
either in their passage up the forward platform, or in 
the process of gathering or binding. The cost of the 
machine tying is estimated at 1s. per acre. We hope 


soon to give an illustration and more detailed description 
of this apparatus. 

Mr. H. J. H. King, of Newmarket, Stroud, showed a reap- 
ing machine and sheaf binder, made on the and 
Bomford patent. In this arrangement the corn, when cut, 
is conveyed to the hopper of the binding apparatus by a 
rake which, in one fication, is one of a pair moved 
by two endless chains actuated by gearing. A horizontal 
platform, upon which the cut corn is fitted at a some- 
what — level than the o platform of the reap- 
ing machine, and at one side this platform is continued 
in an inclined direction to a level sufficiently high for 
the binding apparatus. The two endless chains are dis- 
posed in transverse vertical planes, one at the front and 
the other at the back of the platform. Each rake con- 
sists of a fore-and-aft bar with prongs fixed to it at 
right angles, and each end of tho bar is attached to one 
chain and is so as to erect over the plat- 
form to gather the cut crop and convey it up the inclined 
side into the hopper of the binding apparatus. The 
continued motion of the chains carries each rake folded 
under the platform back to the starting point, and 
when one rake is being thus moved back the other 
aes the act of conveying a portion of the crop to the 

opper. 
another arrangement the crop is moved to one side 
of the platform by endless aprons, and at the side is lifted 








being moved slightly passes between the other blade 
and the centre of the forceps piece, and the string is 
held and immediately afterwards cut off by a knife. 
The forceps piece is then put into rapid motion by 
means of a cord and gearing, and the two ends of the 

are thereby twisted together, tightening the sheaf. 
The bell-crank is then acted upon bya cam, so as tc 
turn the lever and forceps piece, and the twisted motion 
being continued the twisted ends of the string finally escape 
from the forceps piece after twisting themselves round a 
part of the string passing round the sheaf, and thereby 
form a sufficiently secure fastening. The box or hopper 
in which the sheaf rests whilst being bound, is open at 
the part where the string is passed round the sheaf. The 
forward portion is a semi-cylindrical shell of thin sheet 
metal, whilst the after part is formed by two sets of 
arms or looped prongs, fixed on fore-and-aft rods. These 
arms or prongs open to let the sheaf fall out towards 
the side, and the front part of the hopper at the same 
time turns on a rod to let the sheaf drop off it, An arm 
is provided for compressing the crop on its put 
into the hopper, and after the binding is effected this 
arm turns further downwards and insures the sheaf being 


a, | delivered from the hopper. 
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GOODS LOCOMOTIVE. . 
We give this week a two-page ving of an eight- 
cou Jed goods locomotive for the s, Lyons, and 
Mediterranean Railway. We intend shortly to publish 
other engravings of this engine, and for the present, there- 
fore, we postpone our description. 





NOTES FROM THE NORTH. 
Gtaseow, Wednesday. 

Pig [ron Market.—The warrant market was 
Thursday, and prices at the close were about 
14d. per ton higher than on the ious day. Business 
was p mol during the forenoon at from 40s. 9d. to 40s. 10d. 
cash, and at 40s. 114d. to 41s. one month, buyers over at 
the close at the higher quotations, and sellers asking 1d. 
per ton more. Ho were very firm in the afternoon, 
and were seeking 41s. cash and 41s. 14d. one month, but 
buyers would not go above 40s. 10jd. cash and 41s. one 
month, which prices were held till the close. There was 
considerable dulness on Friday, and prices receded fully 
2d., the week closing with quotations 1d. per ton under 
those of the previous Friday. In the morning ess 
was done at from 40s. 10d. to 40s. 9d. cash, and at 41s. to 
40s. 104d. one month, sellers over at the close at the lower 
figures, and buyers offering 1d. per ton lower. Iron changed 
hands in the a me cen at 40s. 8}d. down to 40s. 6d. cash, 
and 40s. 10d. was the month’s quotation. At the close 
there were buyers at 40s. 8d. cash and 40s. 10d. one month, 
and sellers at 1d. perton more. The warrant market was 
very dull on Monday, and prices fell to a point 34d. under 
the lowest quotation since June, 1852. At the opening in 
the morning there were transactions at 40s. 8d. cash, but 
the price soon receded to 40s. 6d. cash, and from 40s. 9d. 
to 40s. 8d. one month, sellers remaining at the close at the 
lower prices. There was a further decline daring the after- 
noon to 40s. 54d. and 403. 44d. cash, and to 40s. 6d. one 
month, the market closing with sellers at 40s. 4}d. cash 
and 40s. 6d. one month. Yesterday’s market opened ve 
flat, and business was done during the forenoon at 40s. 2d. 
down to 40s. cash, and at 40s. 3d. one month, sellers at the 
close asking 40s. 1d. and 40s. 3d. cash and one month re- 
spectively, and buyers offering 1d. per ton less. A good 
business was done in the afternoon at 40s. 1d. cash, which 
was the closing price. There was a steady market this 
forenoon, when business was done at 40s. 2d. cash, and at 
40s. 3$d. one month, the market closing with buyers at 
the higher quotations, sellers asking a shade more. The 
market also continued steady in the afternoon—buyers at 
40s. 14d. cash, and sellers holding out for 1d. per ton 
more. There is very little desire on any hand to buy pig 
iron unless to cover sales previously made at the higher 
prices, of which a good deal has been done during the past 
week; sellers, however, continue to prevail. Buyers 
appear for the present to have lost all confidence in iron for 
the purpose of investment, the price having gone so much 
lower than it was thought it could possibly reach. In 
makers’ iron, however, a considerable amount of business 
has been done during the week, and prices are, generally 
speaking, slightly lower, most brands being obtainable 
from dealers at prices under the official quotations. A 
considerable quantity of pig iron has been sent into the 
public warrant stores during the week, and the stock with 
Messrs. Connal and Co. up till last Friday night amounted 
to 278,202 tons, thus showing an increase for the week of 
2580 tons. Two additional blast furnaces have recently 
been relighted, one at Coltness Iron Works and the other 
at Quarter Iron Works ; so that there are now 90 furnaces 
in actual operation, as against 95 at the same time last 
year. Last week’s shipments of pig iron from all Scotch 

rts amounted to 8252 tons, as compared with 7416 tons 
in the corresponding week of last year. 


Forthcoming Visit of the Institution of Mechanical 
Engineers to Glasgow.—We have already announced 
that the autumnal meeting of the Institution of Mechanical 
Engineers will be held in Glasgow this year. The Insti- 
tution of Engineers and Shipbuilders in Scotland invited 
them to make Glasgow their meeting place, and the invi- 
tation having been accepted, the meetings have been 
arranged for the 5th, 6th, 7th, and 8th of August. The 
last time the Institution visited Glasgow was in 1864, when 
the late Mr. Robert Napier, of Shandon, was the president. 
A large committee has been formed, and for some time 
back has been engaged in making arrangements for the 
occasion. A programme has been drawn up and issued to 
the members, and the meetings will be held in the Corpo- 
ration Galleries, Sauchiehall-street, by permission of the 
city authorities. At the opening meeting on Tuesday, the 
5th of August, the members of the Institution of Mechanical 
Engineers will be received by the Lord Provost and the 
Council of the Institution of Engineers and Shipbuilders. 
Afterwards ja will be read and discussed under the 
presidency of Mr. John Robinson, President of the Institu- 
tion. In the afterpart of the day visits will be made to 
works and places of interest throughout the city. On 
Wednesday, after the reading and discussion of papers, 
excursions are intended to be made to the iron works in 


Glas 
firmer 


the eastern districts. A banquet will be held in the. 


evening. Then on Thursday, after “paper” time, the 
members will visit the works down the river. For Friday 
an excursion by the Iona through the Kyles of Bute to 
Lochfyne has been arranged. the Institution has a 
membership of nearly 1200, and a large attendance is 
ae in Glasgow, the ‘‘ meet” should be very suc- 
cessful. 


The Late Mr. Alexander Whitelaw, M.P.—The death 
was announced last week of Mr. Alexander Whitelaw, 
M.P. for Glasgow, a gentleman who had for a number of 
a been the practical head of the firm of Messrs. 

illiam Baird and Co., of the famous Gartsherrie Iron 
Works. Much profound regret has been expressed at the 





hich then, as now, to 

and Co., and in 1860 he was made a partner 
i firm. His thorough business habits, his 
practical sagacity and decision of character, and his almost 
marvellous skill in figures, were of the greatest value to 
the undertakings with which he became connected. Closely 
identified with the commercial and educational interests of 
G w, Mr. Whitelaw was enthusiastically elected to be 
the t+ chairman of the G w School Board rather 
more than six years ago, and at last general election he 
was chosen M.P. for Glasgow, being the minority or 
Conservative member for the three-cornered constituency. 
For the last two years or so he was so much affected with 
illness that his public duties had to go unperformed, much 
to his own regret and to that of his many highly-esteemed 
political and friends. Mr. Whitelaw took a most 


— interest in the welfare of the Gartsherrie Science 


Chair of Mathematics in the University of Edinburgh. | been 


—This chair, which was filled, till his lamented death, by 
Professor Philip Kelland for a period of forty years, is 
being keenly sought after by a whole host of eminent 
mathematicians, several of whom were senior wranglers 
and Smith’s prizemen at Cambridge. One of them is pro- 
fessor in the College of Physical Science at Newcastle, and 
another is professor at the Owen’s College, Manchester. 
The appointment will be made shortly by the curators. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the quarterly 
meeting of the North of England Iron and Allied Trades was 
held in the Exchange, Middlesbrough. The attendance 
was comparatively small. Although the usual facilities 
were afforded for theexhibition of articles of interest to 
the trade, only one exhibitor availed himself of this mode 
of advertising. Marine and locomotive engine steel cast- 
ings made from the open-hearth gas furnace at Stanners 
Closes Steel Works, Wolsingham, by the late Mr. C. Att- 
wood’s pstent process, were exhibi It was ascertained 
that Messrs. Connall and Co., the warrant storekeepers of 
Glasgow and Middlesbrough had 79,600 tons of Cleveland 
iron in store, and that the deliveries ex-store had been 
rather in excess of receipts. At Glasgow Messrs. Connal 
hold 279,100 tons. Everybody on ’Change appeared to do 
little else than talk of the depressed state of trade and hint 
at coming financial difficulties. Nominally the prices of 
pig iron were the same as those of last week, but merchants 
were willing to sell at 6d. and 1s.. per ton below the last 
market-day’s quotations. 


The Finished Iron Trade.—Trade continues miserably 
bad. According to the North of England Iron Trade 
Arbitration Board returns, it appears that there is an 
increase of about 4000 tons on the previous quarter in the 
sales of manufactured iron, but a decrease of 7s. per ton in 
the total average net selling price. 


Failures in Middlesbrough.—The most damaging ru- 
mours are still being circulated in this district, and very 
great uneasiness and apprehensiveness is caused. The ac- 
tual failures up to the present time are not disastrous to 
the district. A broker stopping with liabilities of about 
800/., and Mr. James Jennings, who has been conducting 
an extensive business for years, filing his petition for be- 
tween 50007. and 6000/., are trifling matters, but very t 
mischief is being done go conversations about — 
the stability of which not hitherto been questioned. 
A firm of brokers at Middlesbrough are stated to be in 
difficulties owing, itis said, to the transactions of a Glasgow 
firm with which they are connected, but the consequences 
to the Cleveland district will not be serious. It cannot be 
denied that everybody is suspicious, but well-informed 
people say that if the present month yee over without 
any large stoppage, confidence will gradually be restored. 


The Affairs of Lloyd and Co.—A meeting of the 
creditors of Lloyd and Co., of Middlesbrough, was held 
here on Tuesday, the Mayor of Stockton, Mr. Joseph 
Richardson, presiding. A report having been submitted 
from the joint trustees and the committee of inspection 
recommending the acceptance of a proposal le and as- 
sen ted to by Messrs. Hayter, of London, to the effect that 
the whole of the assets valued at 29,5001. should be 
handed over to the trustees for division rateably among 
the creditors who hold the separate obligations of Messrs. 
Hayter, and amongst all the unsecu creditors of the 
firm, and that Messrs. Hayter should retain their remaining 
property, taking upon themselves their other liabilities. 
A resolution to carry this into effect was agreed to. 

The Coal and Coke Trades.—The coal and coke trades 
are still exceedingly flat and are not expected to improve till 
the iron trade is better. 











NOTES FROM SOUTH YORKSHIRE. 


Nh op HEFFIELD, be omg: 

Reduction in Railway Rates.—The North-Eastern Rail- 
way Company has announced an important reduction in 
the of coal from South and West Yorkshire to 
Hull. In future there will be a reduction of 3d. per ton 
on coal from South Yorkshire, and of 2d. on that from 
West Yorkshire. The railway rate will also in future in- 
clude the shipping charge, exclusive of wharfage hitherto 
paid to the Dock Company, who have co-operated in this 
reduction, the usual charge, however, being made by the 


wagons. 
could 
their representations, 
The Coal Trade.—The colliers in this district appear to 
be uniting not only for the defence of their wages but also 
to free the coal trade from some of the trammels imposed 
on it by the rail companies. Their agitation is 
assuming a very im’ t character, especially in this dis- 
trict, as they have representatives in the House there 
is no doubt that they are in earnest, and intend making 
their voice heard. The platform of the Colliers’ Associa- 
tion of South Yorkshire and East pe fm is now one of 
the most comprehensive and boldest yet introduced. 
Sanitary Improvements at Dufield.—Mr. Arnold 
Taylor, one of i under the Local Government 


Board, has been holding an inquiry as to the desirability of 
constituting a special i district at Duffield. The 
scheme, which is a ag, expensive one, is sui 

by the local authority, Scarsdale, the Hon. F. Strutt, 
and others. The inspector will report on the question. 


Improvements at Doncaster.—The ty 2 of Don- 
caster proposes to borrow a sum of 12,8001. for the pur- 
poses of improvements in the town. 


Wood Pavement.—The Town Council of Sheffield has 
ing experiments in various streets of the town 
for the purpose of testing the endurance of wood pave- 
ment. The result is that wood is being adopted in centre 
thoroughfares on the level, but its use is condemned on 
inclines, and where there is exceptionally heavy traffic. 

Wages of Engineers.—Certain of the engineering houses 
in Sheffield are agitating the question of adopting the ten 
hours’ system in their shops, or demanding a reduction in 
wages. The men appear disinclined to grant either con- 
cession. 

Extensive Alterations at Rotherham.—Major Tulloch, 
R.E., Local Government Board inspector attended at the 
Town Hall, Rotherham yesterday, to inquire into the de- 
sirability of lending the Corporation 12,9181. for improye- 
ments, The proposal is to widen existing streets, open 
new ones, and build additional Corporation offices. The 
major said he should recommend his Board to allow the 
loan to be repaid over a period of thirty years. 

Increased Activity in the Iron Trade.—A happy indica- 
tion of improvement is contained in an announcement that 
Messrs. John Brown and Co., Limited, of Sheffield, have 
put a third furnace in blast during the past week. The 
same company is also much busier in the steel department, 
as it has in hand an order for nerd pr intended for five 
vessels now building for the Admiralty at Barrow. In the 
armour-plate department there is an improvement. Go- 
vernment orders are in hand for composite plates, and one 
of the new plates was fired at at Shoeburyneas. last week 
with very favourable results. 


Davy Brothers, Limited.—The seventh annual general 
meeting of the shareholders of this engineering company 
was held to-day at the Cutlers’ Hall, Sheffield. r. W. 8S. 
Davy occupied the chair. dividend was declared of 
11. 2s. 6d. per share, being equal to 5 per cent. on the paid- 
up capital of the company. Mr. W.S. Davy was re-elected 
one of the managing directors. 


NOTES FROM THE SOUTH-WEST. 

Portishead Dock.—This dock was practically opened on 
Saturday just after eleven o’clock, by locking in, swinging, 
and berthing, the Lyn steamship. No announcement 
having been made of the intention to do this, it was known 
only to a few; and, as it took place in the face of a heavy 
squall of wind and rain, the proceeding remained almost 
without spectators, except the officials. 

The South Welsh Coal Trade.—The position of affairs 
in the coal trade is still uncertain. On the part of a large 
number of the colliers, both in the Rhondda and Rhymney 
valleys, there is a ifest wish to resume work, even at 
the 10 per cent. reduction. The men who at present most 
strenuously oppose it are the hauliers, and they show a 
decided desire to resort to a strike to enforce their de- 
mands. 

Swansea Dochs.—A portion of the contractor’s plant 
is already on the ground, and the work will, it is thought, 
commence this week. Mr. Clifford, the engineer, Mr. 
Chapman, and Mr. Parker, principal representatives of the 
firm of contractors, are on the spot, and have been for some 
time past. It is stated that or 900 men will be at 
= in the course of a few days getting out the excava- 

ions. 

Cardiff.— Business at this pet during the past week has 
not been so brisk, owing to the uncertainty of the action of 
the colliers in the district. Scores of vessels are lying in 
the east and west docks, some waiting for the decision of 
the men, and others to be loaded. The demand for coal 
has fallen off slightly, especially for Mediterranean ports, 
but those colliery proprietors who have a stock have been 
able to obtain better prices. Freights are dull, both 
coasting and foreign. Several large vessels have arrived 
at this port during the week. Amongst them may be 
‘mentioned the four-masted fall-ri ship County of 
Kinross, to load for Bombay, and the Atalanta (s.s.), 
1743 tons, now loading for Alexandria, in the East Bute 
Dock. The weekly return gives a decrease in the coal 
exported foreignwise of 34,446 tons on the previous week’s 
total. Rather more iron and patent fuel were shipped than 
in the previous week. 

New Place Colliery.—At Pengam on Monday afternoon 
the whole of the engines, aa i gear, colliery plant, and 
machinery belonging to the New P Colliery were sold 
by Messrs. Alexander and Stephenson, of Cardiff. The 
sale was attended by a large number of buyers, some from 
Wolverhampton and other distant places. eral lots 


latter for defective Tt would ap 
the colliery i not —. miners, by 
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were bought by local colliery owners. 
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MEAT TRANSPORT BY RAIL. 

Amonast what may be termed the ‘‘ miscellaneous” 
exhibits at the late Kilburn Show an important place 
must be given to the two railway wagons for con- 
veying perishable goods exhibited by the Swansea 
Wagon Company and Colonel W. D’Alton Mann 
respectively, As most of our readers are probably 
aware, a special prize, consisting of a gold medal 
and the sum of 50/., was this year piaced by the 
Mansion House Committee at the disposal of the 
Royal Agricultural Society to be awarded to the best 
railway wagon adapted for conveying over a distance 
of 500 miles a load of ams ar goods, such ‘as 
meat, fish, poultry, &c., these goods to be retained 
at a low temperature, not exceeding 46 deg., for a 
period of six days. The only wagons which competed 
for this prize were the two which we have just 
mesiiaped. these two wagons being constructed on 
entirely different—and, in fact, opposed—systems, 
a fact which rendered the trials of peculiar interest. 

Both the wagons resemble externally ordinary 
covered goods wagons, and each is mounted on four 
wheels, that of the Swansea Wagon Company being 
mounted op long springs and fitted generally for 
travelling with passenger trains, while that of Colonel 
Mann has short springs and goods wagon couplings, 
&c. These details are, of course, matters of no 
importance, as either van could, of course, be made 
suitable for travelling with either passenger or goods 
trains, and we merely mention them because from what 
we hear undue importance was attached to some of 
these minor points in ing the awards, The 
wagon of the Swansea Wagon Company is fitted u 
on Knott’s system, the essence of which is to avoi 
all change of air in the van, but to keep the air 
enclosed in circulation, and to cool and purify it. 
To accomplish this, there is provided at one end of 
the van an air filter charged with charcoal, and by 
means of a fan—which is driven from one of the 
axles when the wagon is in motion—the air is con- 
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at the end furthest from the filter. To enable 
the air to be circulated when the wagon is not in 
motion, a crank handle is provided at the side 
by means of which the fan can be worked 
when desired. ‘The sides, floor, and roof of the 
wagon are made double and packed with non-con- 
ducting materials, while to cool the air a series of 
refrigerating tanks are disposed close to the roof, 
these tanks being traversed by vertical tubes, so as 
to increase the surface presented to the air in the 
van, and being charged with ice, or—as was the 
case during the recent trial—with a mixture of ice 
and salt. Any moisture deposited on the surface 
of the refrigerators can drain down and be caught 
by suitable spouts placed below, these spouts deli- 
vering the water into a drain pipe having a syphon 
bend, so that it can discharge the water without ad- 
mitting the external air. Inthe wagon as exhibited 
at Kilburn there were a few cross with light 
hooks on which meat could be hung, but no fittings 
which would be suitable for carrying a regular 
cargo of meat. The clear height under the refrige- 
rating tanks also was insufficient for enabling sides 
of beef to be properly stowed. The theory of the 
Knott system appears to be that the air in the van 
will be partially deprived of its moisture by deposi- 
tion on the surfaces of the refrigerating tanks, and 
that by continuous circulation through the charcoal 
air filter it will be deprived of all noxious germs 
and thoroughly purified. Of course, at first the air 
in its circulation will take up moisture, &c., from the 
stored meat, but when_once the latter has become 
thoroughly cooled down the filter has, it is alleged, 
little to do, and so long as the supply of cooling 
material is kept up the enclosed meat may, it is 
stated, be kept for very long periods without 
damage. ’ . 

Colonel Mann’s wagon, on the other hand, is con- 
structed on the principle of maintaining through the 
stored meat a continuous circulation of fresh air, 
this air being cooled and suitably filtered. The 
wagon has a sheet-iron ining. outside which is a 
thick layer of paper, and outside this again is a thick 
packing of sawdust. The floor, doors, and roof. are 
similarly constructed, and the doors—which are 
sliding—are, when closed, fixed by screw bolts, 
which tighten them up against india-rubber tubing, 
so as to make a thoroughly tight joint. The roof 
is also provided with a light awning standing a few 
inches above the roof proper, and intended for use 
in countries where a powerful sun has to be guarded 
against. The air is taken in at one end of the van 
through a pair of pipes having double funnel-shaped 
openings pointing in — directions, a self- 
acting valve being provided, which directs the air 
down the pipe from whichever funnel-shaped mouth 
happens to be opposed to the direction in which the 
wagon istravelling. The two air intakes, as we may 
call them, deliver the air into a box loosely filled 
with willow shavings, these shavings being kept 
constantly slightly moist by the water draining from 
the refrigerating tank. These shavings act as a 
rough filter, and deprive the entering air of dust, 
&c., while subsequently the air thus partially purified 
passes through cotton wool into a couple of pipes, 
which traverse from end to end and back again a 
tank containing ice, this tank being placed close to 
the roof of the wagon, and having its whole surface 
exposed to the air inside the latter. During its 
passage through the cooling tubes the air becomes 
ae samy dried by deposition of its moisture, while 

efore entering the van it is brought into contact 
with chloride of calcium, which completes the drying. 
Across the van, close under the refrigerating tank, 
are placed strong iron bars suitably trussed to the 
roof, these bars being provided with large ad- 
justable hooks for carrying the meat to be supported. 
And here we may say that in the arrangements 
for stowing the cargo of meat, Colonel Mann’s 
wagon is very decidedly superior to his competitor's. 
The latter, itis stated, may be fitted up in any way 
the nature of the traffic may require, while Colonel 
Mann has evidently studied the requirements of the 
traffic and already provided for them. It must be 
remembered that a dead-meat van carrying some 
7 or 8 tons of meat slung from the roof or from the 
transverse bars near the roof is in a very different 
condition of loading to railway wagons generally, 
the cant rails and side frames requiring to be of 
extra strength, and the whole upper part of the 
structure well bound together. These points Colonel 
Mann appears to have kept well in view, and his 
arrangements are of a thoroughly practical kind. 








To return, however, to the system on which the 
wagon is ventilated. From what we have just said, 
it will be seen that when fully charged thé wagon 
will contain the joints of meat arranged in transverse 
rows, and the cool air at one end of the 
wagon coming into contact the meat near the 
inlet end becomes heated and rises to the roof. 
Here it comes into contact with the refrigerating 
tank and being cooled descends , this action 
going on until the other end of the is reached, 
where it passes off thro an opens near the floor, 
this opening communicat th an external iron 
jong | furnished with a revolving cowl at the 
top. By this ent we have described, a 
continuous current of cooled and purified air is cir- 
culated through the wagon when the latter is in 
motion, while when the w is at rest the circu- 
lation is still maintained, although of course not so 
energetically. 

On the 19th of June last, the two wagons just 
described each received a partial load consisting of 
sides of beef and veal and carcases of pork, mutton, 
and lamb, together with some rabbits, ducks, fowls, 
and hares, ith these charges the two wagons 
were sent a trip to Holyhead and back, and were 
then sent to the show-yard until the 28th of June, 
when they were opened for examination. It will 
thus be seen that the six days’ trial originally 
specified was extended to nine days, and during this 
period observations of the temperature of the vans 
were made every two hours by means of thermo- - 
meters inserted in tubes provided for the purpose. 
The Indges appointed to a a on the trials were 
Mr. J. K. Fowler, of Ayles ; Mr. A. Tindall, 
of Newcastle-on-Tyne; and Mr. John Wheatly, 
of Pocklington, and on the evening of the 28th 
ult., the two vans were opened and their contents 
examined by these gentlemen. The result of this 
examination showed that in both wagons the meat 
was sweet and sound, but in that of Colonel Mann 
the hare was too high; inasmuch, however, as it 
was not known how long the game had been killed 
before being placed in the wagons, no importance 
could well be attached to this fact, The animals, 
we should state, had all been slaughtered the day 
before the meat was placed in the wagons, After 
the examination and the removal of some samples 
of meat, the trucks were again closed until Mon- 
day the 30th ult., when the contents were finally re- 
moved, 

The records of the thermometer readings showed 
that the temperature maintained in the Swansea 
Wagon Company’s van had been on the average far 
lower than in Colonel Mann’s, although it had also 
been subject to greater variations, and in the result 
the judges awarded the prize to the former com- 
petitor. With this award Colonel Mann is dis- 
satisfied, and we think that quite apart from any 
natural predilection for his own system he has strong 
grounds for his dissatisfaction. It is not our in- 
tention here to become the partisans of either of the 
competing systems, for we hold that the data for 
instituting a fair comparison between them are not 
at present available; but the objections raised by 
Colonel Mann to the award bear so strongly on the 
requirements to be met in carrying out dead meat 
transport practically that it is worth while to summa- 
rise them, In the first place it is urged by Colonel 
Mann—and his opinion is based on a somewhat con- 
siderable experience—that the temperature to which 
meat should be exposed during transit should never 
be lower than that necessary to secure perfect sound- 
ness. If meat, which has been stored at a very low 
temperature, is taken to a market and exposed for 
sale, the moisture of the atmosphere becomes con- 
densed on its surface, and the appearance of the 
meat is deteriorated. Next he states that a tempe- 
rature which will secure the ect soundnessof meat 
fora period of six days will not suffice for nine days 
or more, and that the longer the period during which 
the meat has to be kept, the lower, within certain 
limits, is the temperature at which it is desirable to 
maintain it, Under these circumstances he urges 
that it was unfair to extend the advertised period of 
trial from six days to nine, and ultimately even 
longer, and he states that the refrigerating surface 
in his van was specially proportioned to maintain 
what he considers the most desirable temperature for 
a sto’ of six days’ duration, Finally, he maintains 
that po wry a system which isolates the air in the 
van, and circulates it without renewing it, is efficient 
when the charge of meat to be dealt with is small in 
proportion to the volume of air thus circulated, yet 
that it is not effective when the proportionate 
quantity of meat is greatly. in , as it would be 
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in a van fully loaded. On this latter point we desire 
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trials the com: wagons were not fully loaded, 
just as would be in actual service. 
As the objection raised by Colonel Mann 


to the extension of the duration of the trials, we 
must say that we, to a great extent, agree with the 
view he takes. For the requirements of 
dead meat in this country, a six days’ 
period of is and we consider that in 
the trials of the competing vans it would have been 
much better to have adhered to this period. That 
meat can be stored without damage for much longer 

riods than this is of course a fact of much abstract 
interest, but it appears to us that it was not the 
point to be determined in the present case. It 
seems to be proved that by lowering the temperature 
(within certain limits) the period during which meat 
can be kept sound is increased, but in dealing with 
the matter commercially, the cost of maintaining 
this low temperature has to be considered. In the 
recent trials we understand that Colonel Mann’s van 
received its original of 13 ewt. of block ice 
only, and that some of this still remained at the 
end of the experiment, while the Swansea Wagon 
Company’s van used altogether over 4 tons of ice 
and salt, and its refrigerators were recharged after 
the trip to Holyhead. These are facts of importance, 
but they appear to have scarcely had proper weight 
attached to them by the judges. We think that all 
who have had experience in railway working will 
agree with us in considering that any van intended 
for dead meat carriage in this country should be 
capable of running its entire trip without renewal of 
the ice, or other cooling materials employed, and we 
consider that it would have been well if this point had 
been insisted upon as one of the conditions of the re- 
cent competition. In making the foregoing remarks 
we are by no means stating that the prize has been 
wrongly awarded, for it is quite possible that if all 
the points we have mentioned had been duly con- 
sidered, the van of the Swansea Wagon Company 
might still have been deemed most worthy of the 
award. What we wish to point out, however, is 
that the recent competition appears to us to have 
by no means settled the question at issue as to the 
relative practical value for use in this country of the 
two systems entered for trial, a fact much to be re- 
gretted under the circumstances. 





BALLOONS FOR MILITARY PURPOSES. 

AN important improvement in the construction 
of military balloons has recently been suggested by 
Mr. C. Board, of Bristol. The chief defects of 
ordinary balloons as applied to service during a 
campaign are that they are not portable, that they 
take a considerable time to inflate, and that a very 
few shots from the hostile camp may suffice to bring 
the balloon to a premature end. Mr, Board has 
very ingeniously suggested that balloons for such 
purposes should be constructed, not, as is usual, in 
one piece, but in parts like the separate portions or 
carpels of an orange. ‘These separate portions 
would be comparatively portable, even when in- 
flated, and could be put together at a few minutes’ 
notice, To secure the utmost portability, it is pro- 
posed to construct these portions of a material im- 
pervious to gas, and to inflate them with pure, or 
nearly pure, hydrogen. The lifting power of this 
gas being about eight times as great as that of coal 
gas, it follows that a balloon of one-eighth of the 
ordinary dimensions will, when filled with hydrogen, 
suffice for lifting the same load. The lifting power 
of one thousand cubic feet of pure hydrogen may 
be reckoned at 741b. A balloon of twice that 
—— would amply suffice to raise an intelligent 
lad to a height sufficient to enable him to watch the 
manceuvres of anenemy. The recent disasters in 
Zululand have shown how necessary it is that our 
army should be provided with some means of 
obtaining information as to the presence of even 
a small y of hostile natives ; and the one objec- 
tion which has prevented the employment in Zulu 
of military balloons has been the utter impossibility 
of transporting through the bush an ordinary balloon 
and the appliances for making the gas. It now 


no opinion, as the data for forming such | wagon 
determination by experi- | has 
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sufficiently small diameter to be capable of transport 
by natives through the bush. Mr. proposes 
that each section of the spherical balloon, or each 
separate cylinder, should also be divided into separate 
com: ents by cross di s of light im- 
pervious fabric, so that a shot penetraring 
one section should not destroy the whole balioon. 
In fact, Mr. Board’s suggestion pome to do for 
balloons what engineers have done long ago for 
ironclad ships in ne eee between the 
separate compartments, by press the 
possibility of sinking the ship by a shot which pene- 
trated one comparatment. It is satisfactory to learn 
that these suggestions are likely to receive a fair 
trial. Mr. Glaisher, so well known for his scientific 
explorations in balloons, recently recorded his opinion 
that these suggestions constituted the most important 
advance that been made of late in the science 
of aeronautics ; and on the eve of his departure from 
England, Sir Garnet Wolseley, under whose notice 
the invention was brought, expressed his opinion 
that the plan was well worthy ot being tried. One 
such balloon might have saved us the disaster of 
Isandula. Even now, is the Zulu campaign so cer- 
tainly near to its end as to warrant our War Depart- 
ment in neglecting to avail itself of the ingenious 
invention we have described? 








THRASHING MACHINES AT KILBURN, 
(Concluded from page 575, vol. zevii.) 

WE have already referred to most of the no- 
velties in thrashing machines exhibited at Kilburn. 
We have, however, a few more machines to notice. 
First we may refer to a small and very compact 
machine by Messrs. Hornsby and Sons with a 3 ft. 
drum, weighing about 2 tons, and driven by a 
4-horse engine. It can turn out from 35 to 40 
quarters of wheat per day, and is in all respects a 
ange finisher. One of its special features is the 
arge riddling area, nearly twice as much as is usually 
given to machines of this size. The elevators are 
placed in front of the drum, and the barley awner 
is placed at the bottom instead of the top; it can easily 
be opened for cleaning, and by a — expedient 
the grain can be admitted or shut off from it. The 
caving riddles have a very large arm, and are of ma- 
hogany, grooved and perforated, and made in short 
lengths, set alternately with the ves running 
longitudinally and transversely. The separating, 
seed, and dust riddles, over which the grain passes, 
are all exposed to the action of the blast, which can 
be regulated at will by asmall lever on the outside of 
the machine ; the riddles are all easily accessible, and 
can be taken out for cleaning or renewal without 
trouble. The feeding and delivering worms on each 
side of the barley awner are perforated to promote a 
rubbing action on the grain, and they are enclosed in 
fine gratings, which allow dust and otber small im- 
purities to be expelled. From the awner, or from the 
riddles direct, the grain is fed to the first elevator, 
which raises it on the dressing riddles, when the 
blast drives any remaining impurities over on the 
end, and the clean corn falls into a second ele- 
vator, which takes it to the screen, whence it is de- 
livered into the sacks by four spouts, Altogether 
there are seven deliveries from the machine, and the 
samples from each exhibited by the machine showed 
the excellent nature of the work performed. 
Messrs, Garrett and Co., of Buckau, near Magde- 
berg, exhibited an excellent thrashing machine, in 
which one of the principal features was the drum, of 
which illustrations are annexed. These drums are 
designed so as to obtain an efficient balancing, and 
to secure proper momentum without using heavy 
beaters, which are carried by a set of flanged metal 
discs fixed to the drum axle, and weighted near their 
periphery. Fig. 1 shows a side elevation of a 
flanged disc fitted with one of a series of beaters, 
and Fig. 2 a cross section. Three or four such discs 
are employed. In order to manufacture the flanged 
discs with facility, and with great exactness, these 
discs are formed out of sheets of metal by means 
of pressure in dies while the metal is at a welding 
heat. 
For this purpose a hollow circular die is employed 
mows slightly downwards from its upper end, 

is die rests on the bed of a hydraulic press, and 





sppeers, however, to be ible to construct a 
oon in sections which might be kept inflated for 


is carried upward with the metal to be shaped, toa 


disc of metal is first pi at its 
while in a welding upon the 
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GARRETT’S THRASHING MACHINE DRUM AND 
BEATER. 


to allow of the metal being gradtally turned over to 
form the flange. By the gradual action of these 
dies the fibres of the metal under treatment have 
time to rearrange themselves while the metal is 
taking the new form, and thus the cracking of the 
fibres is avoided. ‘lo provide for the release 
of the flanged disc from the tapering die, the latter 
is split from end to end, and in the opening thus 
e is inserted a wedge-shaped piece. This piece 
extends from the top to the bottom of the cylinder, 
and through it is passed a screw bolt which projects 
through a clamping piece, and receives a nut on its 
outer end. ew forms a portion of the 
periphery of the die when the latter is in use, but 
when the shaping of the flange disc has been effected, 
and it is desired to move the same from the die, the 
bolt is slackened, and the cylinder will then con- 
tract, leaving the flanged disc free. The clamping 
oe extends upwards only so far as will leave the 
ie free to enter the fixed die to a —— length. 
The discs thu sprepared are of course of uniform size, 
and are strong and light. 

Within the rebated flange of these discs is inserted 
by pressure a ring of lead, as shown, which serves 
to weight the drum, and give it the requisite mo- 
mentum when in action. The discs and rings are 
then trued up in alathe to bring them to a uniform 
diameter, and in order that the beaters may bed 
upon the discs, their inner or contact faces are 
hollow to se with the periphery of the discs, 
as shown at E, Fig. 1. The beaters are secured in 
place by means of screw bolts — inwards through 
the flanges of the discs, and through the rings of 
lead, and receive nuts on their inner ends. The 
discs are fitted at the centres with bosses of malle- 
able cast iron to receive the drum axle, and these 
bosses are secured to their discs by rivets. 

The thrashing machines exhibited at Kilburn by 
Messrs. Ruston, Proctor and Co., of Lincoln, were 
all of the finishing class, comprising five sizes ranging 
from 3ft. to 5 ft. They areall fitted with a creeper 
and simple arrangement of slides, so that the corn 
may or may not pass through the cleaner, either single 
or double blast may be used, and the grain separated 
or not by the screen. For perfect finishing, the corn 
after leaving the elevators passes through the 
cleaner, is then blown by the second fan, and 
dropping through the small riddles es down to 
the screen to be separated and delivered to the dif- 
ferent grain uts ; either or all these operations 
may be omitted and the corn passed, if wished, direct 
from the elevators to,the sack. In this manner every 
facility is given for producing the best sample most 
suited to the state of the grain or the requirements 
of the market. 

In the cleaner is fitted gi 3 ke ae 
and Co.’s —_ arrangement of knives an ters 
arranged alternately on the spindle, The beaters 






























































Joxy 11, 1879.] 


ENGINEERING. 


33 








are fixed so that their inclination to or 
with this spindle may be easily adj 
keep the grain a shorter or longer time subjected 
to the rubbing action ; if desired they can, in a few 
minutes, be removed altogether, if the grain is in 
too tender a condition. The chaff-bagging apparatus 
is of a very simple description and can be arranged 
on either side of the machine as convenience may 
demand. The 5 ft. machine is fitted with patent 
self-feeders as shown at the Paris Exhibition, the 
other sizes with Messrs. Ruston, Proctor, and Co.'s 
safety drum-guards. : 
Mr. J. P. Fison, of Cambridge, exhibited thrashing 
machines possessing no novelty, excepting the drum- 
— of which we give an illustration on page 36. 
rom this it will be seen that on each side of the feed- 
ing mouth is bolted a bracket with an inclined slot. 
The spindles of the roller D are set in them and the 
roller rises or falls according to whether the mouth 
is opened or closed. The feeding board a is hinged 
at B, and at the lower end c is connected by chain 
Hto the spindle of the roller, ing first over 
roller G. By this arrangement it is intended that 
any weight falling on the roller will throw it to the 
bottom of the slot, or equally any weight falling on 
the top of the feed-board will have the same effect ; 
the engraving shows the device when closed. 


elism 
so as to 





MISCELLANEOUS EXHIBITS AT THE 
KILBURN SHOW.—No. II. 

As many of our readers are no doubt aware, the 
practice of flour grinding by stacks of rollers instead 
of by millstones has, for some years past, been 
making steady progress on the Continent, and, judg- 
ing from some of the exhibits at Kilburn, it is now 
attracting much attention in this country. The pre- 
sent is not the time for entering into a full discus- 
sion of the advantages of this system, but we hope 
on a future occasion to have something to say re- 
—- it ; meanwhile, however, we may record that 
the system was represented at Kilburn by the exhibits 
of Mr. Henry Simon, of Manchester, who showed 
examples of Devario’s roller mills, and by those of 
Messrs. Buchholz and Co., of London, who showed 
mills made by Messrs. Ganz and Co., of Buda-Pesth, 
who have for some time made their construction a 
specialty. Of Devario’s mill we propose shortly to 
publish engravings, and for the present, therefore, 
we postpone a description of it—merely stating that 
it is one which has given excellent results—but of 
Messrs. Ganz and Co.’s mill we give engravings on 

age 29,§ which will explain its construction;clearly. 
Referrinz to our illustrations it will be seen that 
the mill consists of three chilled cast-iron rollers 
aaa, which run and work asa double pair, with 
either single or double feed. These three rollers are 
geared by three wheels 4 4 4, of different diame- 
ters, while the middle roller a is driven direct by the 
pulley, ce. The top and bottom rollers have their 

earings in levers, pivotted on the shafts 4' h"', the 
upper of these, 4', is, as will be seen from Fig. 4, 
cranked, and the levers carrying the bearings are 
hung upon these cranks. (See Fig. 3.) The middle 
roller rests in bearings fixed to the standards, ‘The 
pressure between the rollers is ee by a steel 
ring e¢ on each side of the machine, running upon 
pressure discs, d,, d,,, fixed to the rollers, in this 
way nearly all pressure is taken off the bearings, 
and the latter, therefore, suffer little friction. This 
arrangement—or Mechwart’s anti-friction pressure 
ring as it is called—is one of the special features of 
the machine, while another is the form of gear used. 
This gear a chevron, as it is called on the Continent, 
runs almost without noise. 

As will be seen from our engraving, the three 
rollers are not set in one vertical line, but for the 
convenience of feed the middle roller is shifted 
towards the centre of the ring. Between the pres- 
sure disc d,, on the middle roller, and the ring e, is 
a loose disc f, which thus relieves the shaftof the 
middle roller, as well as its own spindle /, of all 
= against the bearings. Theringis tightened 

y pressing the top roller a outward by means of the 
lever g, which turns the cranked shaft 4. In case the 
rollers do not bear equally throughout their length, 
the disc f can be shifted downwards by means of the 
worm and worm-arc z, thus tightening the ring more 
on oneside. For ordinarily starting the mill, however, 
and regulating the pressure between the rollers, the 


lever g only is used. 

For setting the rollers perfectly parallel, in case 
they should be found not to be so, the two outer 
rollers can be set up against the middle roller by 








means of the set screws & &; the lower roller is 
counterbalanced by balanceweights //. The bear- 
ings have oil cases and are lubricated by wicks, the 
oil being constantly drawn up again, and the bear- 
ings, therefore, require but little attention. When 
used for double feed, the grain enters the rollers 
through the separating grate x, part going down to 
the right and entering between the top pair, and part 
going down to the left and between the bottom 
pair of rollers, At the point m, a casting is placed 
acting as — for the middle roller, and being 
metrated by holes in the two directions indicated 
y the arrows, the whole grain and ground material 
pass, so to speak, through each other. 

When the mill is to be used with single feed only, 
the grate m and the switch m are removed, and the 
holes in the separating board upon which m rests are 
closed by a spring of sheet iron. In this case the 
mill grinds less material, the grain passing the rollers 
twice, first the upper and then the lower pair, but 
the actual gain of flour is larger. The driving 
pulley is run at from 150 to 180 revolutions per 
minute, This anti-friction ring arrangement we 
have described relieves the roller bearings of nearly 
all friction, and the power required is thus greatly 
reduced, the actual saving amounting, we are in- 
formed, to as much as 24 per cent. e bearings 
not getting heated, greater lengths of rollers can be 
employed, the wear and tear of bearing material is 
reduced to a minimum, and the roller mill is easily 
adjusted. All processes of grinding can be carried 
out on mills constructed on this principle, smooth 
rollers being used for middlings and semolina, and 
fluted rolls for the treatment of bran not sufficiently 
cleaned in the first grinding and for the treatment 
of wheat. 

We understand that during last year no less than 
eighty of these mills were introduced into this 
country by Mr. A. Buchholz, of the Royal Flour 
Mills, Vauxhall, and Messrs. Ganz and Co. have 
turned out over 2000 mills of this type during the 
last three years. 

Messrs. A. B. Childs and Son, of Lordon, made a 
good exhibit of flour-mill machinery, the most novel 
objects being Wegmann’s porcelain roller mills, 
The newest form has only one pair of rollers about 
16in. long by 14in. in diameter. These rollers are 
driven at different speeds, one running about 2 in. 
faster per second than the other. The object of 
this is to set up a dragging action on the meal in 
addition to the pressure between the rollers, the 
action being sufficient to reduce all the starchy and 
glutinous particles, but not enough to grind up the 
woody particles and foreign matter in the middlings. 
In this mill the gearing is so arranged that the teeth 
do not engage deeper than they should do, as the 

reelain wears and the diameter of the rolls 

ecomes smaller—a very important matter. Pressure 
is given to the rollers by weights, and when they are 
running empty they can be set clear of each other 
by a lever, so as to prevent their damaging one 
another. In Child’s purifier the middlings are 
admitted through a hopper to the upper end of a 
series of inclined silks or riddles, mounted on a 
frame, to which a rapid series of impulses are given 
by means of a cam, so that the meal as it travels 
down the screens is thrown off the face of the latter 
at each impulse. The chamber above the riddles is 
aclose one with a series of air valves, and a fan at 
the lower end, which when in motion draws out the 
impurities. The riddle frames are supported on 
four rubber balls, which act as springs, and in com- 
bination with the cam saan 903 exactly the motion 
required. There are three hoppers underneath the 
riddles for the different grades of semolina, 


Messrs, S. Corbett and Son, of Wellington, Salop, | firm 


showed a good collection of mills, In a new pattern 
two discs of chilled iron, 15 in. in diameter, are 
employed. These discs are set vertical, and have 
their inner faces chased. One of them only re- 
volves, the other being fixed, and having a passage 
cut through it for the material to be ground to be 
fed through, this passage being in connexion with 
the trough of the feeding hopper. 

The Savile-street Youndy Company made an 
excellent and somewhat extensive show of the 
specialties they manufacture. One of these was 

all’s so-called ‘‘Farmer’s Mill” which we have 
“rear | noticed, and which was so favourably re- 

rted on by the Implement Jury last year at the 
ristol show. There was also a combined breaker 
and rolls, an illustration of which we publish on 
36. It consists of one of Hall’s stone breakers 

20 in, by 7 in. at the mouth, mounted upon a stout 
timber bane and flanged wheels for moving on a 








tramway. Underneath the delivery spout of the 
breaker are fixed a set of chilled corrugated rolls 
for further reducing the material after the first ma- 
chine has broken it. Thesmall products from break- 
ing the ow ry prea. er yp is screened out 

ya orated steel plate, and passes through a 
dalivery shoot behind Fhe rolls, where it jou the 
material which passes them, A shaking motion is 
given to the plate, and the whole produce may be 
elevated when finished into a truck or cart. The 
platform upon which the man stands who feeds the 
coarse stone into the jaw is carried up from the 
trolly and travels with it, so that no fixing is re- 
quired, and at one cost for handling, the stone may 
be broken suitable for road metal ballast, concrete, 
or further reduced to fine gravel and sand and 
loaded into the truck without further trouble ; both 
machines can be worked independently or together, 
and the different products turned different ways. 
Such a combination is frequently of great value, as, 
for example, in manure works where large quantities 
of phosphates, coprolites, and other refractory 
substances have to be reduced before passing to the 
grinding mills, and it is evident the further the 
pulverisation can be carried on independently of 
the latter machines, the higher will be the quality 
of their work with a proportionate reduction on the 
wear and tear and power employed. . It is clear that 
up to a certain point a supplementary machine ean 
be obtained which will pulverise more cheaply and 
better than mills with horizontal stones, whilst for 
mixing and grinding, mills are the best. For miners 
in the reduction of ores, quartz, &c., which require 
subsequent dressing and classification, the machine 
is well fitted, as expensive foundations and much 
extraneous gearing is dispensed with, and the opera- 
tions just alluded to may follow immediately, as the 
material is reduced sufficiently to permit this. 
Where sand is difficult or expensive to obtain suit- 
able for builders, concreters, and artificial stone 
makers, the machine gives a ready means of pro- 
ducing this from local stone; several of these ma- 
chines are already in use for this purpose with 
satisfactory results. The machines are made either for 
fixtures or portable, and sometimes a small engine 
and boiler is combined on the same frame, which may 
be used also for other purposes. The exhibits at Kil- 
burn also included one of Hall’s multiple action stone 
breakers mounted on travelling wheels, and provided 
with screening apparatus and cubing jaws for produc- 
ing even samples of road metals with little waste. 
These machines are too well and favourably known 
to require further description. Finally, we may note 
at this stand examples of Baker's rotary pressure 
blowers, as well as rotary pumps also made by the 
Savile-street Foundry Company on the same 
system. 

Messrs. Hayward Tyler and Co. had an excellent 
exhibit of plant for the manufacture of srated 
drinks, an exhibit which would probably have at- 
tracted more attention had the weather been such 
as to render such drinks appreciated. At this stand 
the processes of manufacture of erated waters were 
shown in various stages, as conducted in wholesale 
factories, the processes being the same as those 
which we described when dealing with Messrs, 
Hayward Tyler and Co.’s exhibits at Paris last 
year (vide page 287 and 349 of our twenty-sixth 
volume), ‘The machines exhibited at Kilburn were, 
however, marked by improvements in detail, giving 
increased powers of production. An interesting 
apparatus, of which Messrs. Hayward Tyler and 
Co. are the makers, is McDonnell’s revolving 
bottling machine, which can turn out 200 dozen 
bottles per hour. Another set of exhibits of this 
worth notice were the standard series of 
shafting fittings, such as plummer blocks, wall 
boxes, and couplings, which they have lately intro- 
duced, 

The Pulsometer Engineering Company exhibited 
a complete assortment of pulsometers from No. 10, 
throwing 52,000 gallons per hour, down to No. 2, 
throwing 2000 gallons per hour. The two varieties 
of valves now principally used in these ee were 
shown—the clack valve with rubber face beating 
upon a chilled disc, and the Muntz metal grid valve 
with rubber disc, both of which have been found 
to give the greatest satisfaction in pumping 
water charged with foreign matter, They also 
showed their “‘ Union” pipe, which is now rapidly 
going into use in connexion with the pulsometer 
and other pumps, it being preferred to cast-iron pipe 
on account of its lightness, and to ordinary wrought- 
iron pipe on account of the facility with which it is 
jointed, They also had a cast-iron section of a well 
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$2 ft. high, in which is suspended a No. 3 pulso- 
meter, which can be freely moved up and down the 
well, remaining in operation the whole time. This 
model illustrates the applicability of the pulsometer 
in confined situations where no other pump could 
be set to work, an application for which it is con- 
stantly being used. ‘Three other pulsometers were 
shown in motion. Parrett’s filter was also in 
operation ; the very dirty water dealt with being un- 
fortunately too plentiful, and it was thoroughly 
cleansed at the rate of 1500 to 2000 gallons per 
hour, ‘This filter consists of a cylindrical tank con- 
taining a perforated drum mounted on a hollow 
spindle, and driven at a high speed by gearing. 
Filtering material is placed in the drum, and the 
water to be purified is fed into the tank, and pass- 
ing through the drum, escapes by the hollow spindle. 
When it is necessary to clean the filter the action is 
reversed. The so-called commioutor manufactured 
and exhibited by this firm consists of a close 
chamber enclosing a second, which contains the 
pulverising machinery. This consists of a pair of 
chilled cast-iron discs with bevelled faces and a fan 
attached to each on the same shaft. These discs 
are vertical and placed a short distance apart; a 
heavy cast-iron ball rests upon the bevelled faces of 
the discs, and is carried round with them when the 
machine is in motion. The material to be pulverised 
is fed from a hopper into'the outer chamber, where 
it is raised by an elevator into a second hopper on 
top of the inner chamber, and thence it falls into 
thelgrinding mechanism, By the combined rubbing 
and pounding action of the ball in connexion with 
the discs, the material is first broken up and then 
ground, being discharged by the action of the fans 
through a grating enclosing the mechanism. It 
then falls on to a sieve, the finer particles being dis- 
charged outside the machine and the coarser falling 
back to the elevator to be returned to the mill. The 
degree of fineness is regulated by the mesh of the 
sieve. Owing to the state of the weather the 
material for the large comminutor was so damped 
as not to be able to be sifted, and therefore this mill 
was only run empty to show its principle. The 


smaller mill was tried upon a variety of substances 
—glass, quartz, phosphates, coprolites, &c.—and the 
production is very remarkable considering the small 


weight (only 2 lb.) of the ball by which the work is 
done. 

Not far from the mills of which we have just been 
speaking, Messrs, Thornewilland Warham, of Burton- 
on-Trent and Derby, exhibited a Rammell’s ventilat- 
ing fan of 10 ft. 7 in. in diameter. This fan is intended 
to be placed directly over the ventilating shaft, act- 
ing by exhaustion. A 20-horse power engine is 
connected to each end of its shaft, only one engine, 
however, being used at a time, the other being 
simply a stand-by. Each is a plain single cylinder 
vertical engine, non-condensing, and is completely 
enclosed in a sheet-iron box or house with iron 
doors, In this way the whole fan and engine 
casing becomes self-contained and a minimum of 
masonry is required in connexion with the putting 
down of the machinery. This ventilator is intended 
to be run at 150 revolutions per minute. 

Messrs. Thomas Robinson and Son, of Rochdale, 
made only one complete exhibit—the stone-dressing 
machine of Messrs. Brearley and Marsden, manu- 
factured by the first-named firm. This machine, 
which unfortunately was located in a part of the 
ground almost inaccessible on account of mud, did 
not attract nearly so much attention as it merited. 
We trust shortly to publish illustrations showing its 
construction, and meanwhile will describe it briefly. 
It consists of a large cast-iron bedplate and vertical 
frame ; on the former is the traversing table, like 
that of a planing machine, upon which the stone to be 
dressed is secured, The machines are made in dif- 
ferent sizes with tables from 2 ft. to6ft. in width, 
the latter taking in slabs 4 ft. wide, 2 ft. high, and 
9 ft.long. Upon the face of the vertical framing 
are placed the brackets carrying the cutting 
mechanism, These brackets can be raised or lowered 
by suitable bevel gear on the top of the frame. In 
the brackets runs a shaft driven by a pulley and 
belting. On this shaft are mounted twelve eccentrics, 
each having the same throw, but set spirally around 
theshaft, so that the points of maximum throw follow 
each other successively along the whole series. On 
each side of the set of eccentrics is placed on the 
shaft a cast-iron quadrant and bearings for two sets 
of arms attached to the straps placed in the eccentric. 
By this arrangement the eccentrics and frame can 
be turned by hand through means of gearing through 
a quarter of a circle, and can be set fast in any 


desired position by a locking bolt working in a slot 
in one of the brackets, To the end of each of the 
arms is bolted a small bracket in such a way that 
sufficient space is left between the arm and bracket 
to receive the cutters. These cutters are made of 
steel, very thin and of different forms, according to 
the work to be done. The cutting edge projects but 


revent any spring in the tool, but they can be set 

orward if desired, the holes in the cutters being 
slotted for that purpose. The machine thus contains 
twenty-four sets of cutters, twelve ineach series. Any 
form of cutters may be used, but as a rule one series 
consists of serrated cutters for roughing out work. For 
mouldings, fluted, or grooved work, a special tooling, 
different forms are employed. Only one series 
of cutters operate at one time, the other series being 
idle, either in a horizontal position at the — 
part of the machine or at an angle at the rear. The 
angle of cut can be varied to suit any nature of 
work or kind of stone. It will be seen that the 
operation of dressing the stone is performed by a 
number of successive blows of the cutting tools, 
one following the other with great rapidity across 
the whole width of the slab. It is claimed by the 
manufacturers that each tool will do from 8 to 10 
square yards of work on hard stone without chang- 
ing, and that the machine will finish 30 square yards 
of work per day. Changing the tools isa very simple 
operation, and as their first cost is very small, the ex- 
pense of working is comparatively insignificant. 
‘The machine exhibited appears to be extremely well 
designed and the workmanship is excellent through- 
out. It was driven by one of Messrs. Robinson’s 
vertical engines and boiler, of which they make a 
specialty of manufacture, and the collection was 
completed by a large grinding trough for sharpen- 
ing the cutters, and comprising three or four stones 
of different thicknesses, and as many emery wheels. 
We should imagine that this machine will meet 
with a very favourable reception among contractors 
and stonemasons. 

Messrs. Smith and Coventry, of Manchester, had 
a good show of the special tools with which their 
name is associated, amongst others Cooper’s uni- 
versal brass-finishing lathe being shown, as well as 
some excellent stud lathes, &c. We hope shortly 
to notice these tools more fully. In an adjoining 
stand Messrs. Rhodes and Co, exhibited a number 
of highly ingenious machines for working plate 
metal, constructed on the plans of Messrs. Bliss and 
Williams, whose exhibit in the American section at 
Paris last year attracted so much attention. 

Messrs. Appleby Brothers exhibited some of their 
well-known and handily arranged steam cranes— 
the construction of which must be familiar to all our 
readers—as well as some donkey feed pumps, They 
showed in addition, although it was not in the cata- 
logue, one of Bruce’s excavators (which they also 
exhibited in Paris), arranged on a 4 ft. 8} in. gauge 
truck, with self-acting lifting travelling and slewing 
motion, in addition to the digging apparatus, The 
latter is of hemispherical form, in four pieces or 
leaves, with a simple and apparently effective auto- 
matic digging and discharging apparatus. The engine 
(double cylinder) is placed horizontally on the 
crane platform, and the different levers very con- 
veniently arranged as to being worked by one man in 
charge without shifting his position, The jib is not 
in this case made to raise and lower. 

Mr. J. C. R. Okes, besides the Rider hot-air 
engine which we have referred to elsewhere, ex- 
hibited a number of samples of anew kind of leather 
belting, to which the name of “ Victoria” belting 
has been given, and which from its great flexibility 
appears especially adapted for driving high-speed 
machinery. A good show of belting was also ex- 
hibited by the chief makers, but mostly on stands 
which the state of the show-ground rendered diffi- 
cult of access, Messrs. J. H. Ladd and Co. ex- 
hibited in operation a number of examples of the 
‘“Boomer” press. We described this press some 
time ago, andall we need say about it here, therefore, 
is that the arrangement isa very simple and effective 
one, the different sizes of presses exhibited being 
adapted for a great variety of work. At a neigh- 
bouring stand Messrs. John Barker and Sons, 
Limited, of Oldham, exhibited an example of the 
ingenious self-landing and self-delivering hoist which 
we illustrated and described on page 389 of our 
twenty-first volume. In speaking of lifting ap- 
pliances also we must not forget to mention a good 
example of a hoist exhibited by Messrs. Waygood 
and Co., nor the well-arranged exhibit of ion. 








Priestman Brothers, of Hull, who showed one of 


very slightly from the holding jaw of the arm to/p 


their — cranes fitted with an ingenious self- 
acting bucket and grab. Of this apparatus we shall 
give rigs 4 in an early number, when we shall 
describe it fully. 

Mr. Alfred Welch was the exhibitor of a cattle 
wagon fitted with racks and troughs for the feeding 
and watering of cattle during transit. Mr. Welch’s 
lans have been much improved since they were 
first brought before the public, and the wagon ex- 
hibited at Kilburn had many good points, while the 
fittings were not expensive. The arrangements 

roposed by Mr. Welch may in fact be now said to 

ave reached the stage at which their further im- 
provement can only be expected to follow the ex- 
perience gained by practical service. The difficulties 
to be overcome in introducing in regular practice 
the system which Mr. Welch advocates are by no 
means few-nor trifling, but in the interests of 
humanity, we trust that his plans may obtain a fair 
trial, The wagon exhibited has been built by the 
Midland Railway Wagon Company, and is a very 
creditable piece of work. 

Mr. W. A. Gibbs, of Gillwell Park, who is so 
well-known for his labours in connexion with the 
artificial drying of hay, &c., exhibited at Kilburn a 
model of the latest arrangement of his apparatus, 
and also a model of a tea-drying apparatus which is 
stated to have been successfully tried in India during 
the past season. In this latter apparatus the tea to 
be dried is carried round on trays attached to the 
interior of a horizontal revolving cylinder into the 
centre of which a current of heated air is discharged. 
The apparatus seems calculated to knock the tea 
about rather more than we should have thought 
good for it, but of course this is a point to be de- 
termined by experience, 

In another part of the show-ground, Messrs. 
Thwaites Brothers, of Bradford, showed among 
other machines of their manufacture, one of Stur- 
geon’s patent ‘‘Trunk” air compressors. -We shall 
illustrate this compressor shortly, but meanwhile 
we may state that in this form of a well-known 
machine there are two single-acting air cylinders, 
fixed opposite each other, end to end, and fitted 
with trunk pistons connected together by two 
side rods passing along the cylinders and con- 
nected to crossheads at the outer end of the 
trunks, the two together thus forming a double- 
acting machine. The cylinders are entirely open on 
the air inlet ends, and the connecting rod is coupled 
direct from the crank to the nearest piston without 
the intervention of crossheads and parallel slide 
bars, Considerable advantages are claimed for this 
type on account of the great resistance of the deep 
piston to leakage, obtained without lengthening the 
machine, the accessibility of the different parts, and 
the increased momentum due to the greater weight 
of the moving parts. The air-inlet vaives are placed 
in the head of the pistons, and are so arranged as to 
open and close instantaneously, by the action of their 
own momentum, when the piston is reversed, inde- 
pendently of the formation of vacuum or pressure 
in the cylinder; the delivery valves are fiat discs 
covering the whole bore of the cylinder, and so 
arranged that the pistons can run up close to them, 
merely nominal clearance being required on the 
piston side. They open into a chamber placed in 
the middle of the machine between the two working 
cylinders. It is this arrangement of valves that 
renders possible the high speeds at which these air 
compressors cau be run, Another exhibit at Messrs. 
Thwaites Brothers’ stand requiring special notice 
was one of Mr. Shone’s pneumatic liquid ejectors for 
raising sewage, &c. Mr. Shone’s system of dealing 
with sewage, however, deserves more space than we 
can give to its description here, and we shall there- 
fore postpone our notice of it until next week, when 
we shall be able to illustrate the arrangements em- 
ployed. 

Among the portable engines and other machines 
forming the collection exhibited by Messrs. Marshall, 
Sons, and Co., of Gainsborough, was an apparatus 
which by some might be taken for a small water 
cart, while others taking an equally superficial view 
would think it had some connexion with the ambu- 
lance service of a corps d’armée, consisting as it did 
of asmall cart covered in with a semi-cylindrical 
wagon covering of black tarpaulin. This was the 
prwies electric light apparatus made by Messrs. 

shall and Co,, for Mr. R. E, Crompton, and 
which was illustrated and described in this journal 
nearly three months ago.* Firmly held down to 
the framing of the little cart or tumbril, and beneath 
the protecting tarpaulin covering are two ‘+A” 








* See ENGINEERING, vol. xxvii., page 364. 
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size Gramme machines, each calculated to give a nee 
of six thousand candles, and the apparatus is 
fitted with three winding drums for carrying the 
leading wires, the two outer drums having wound 
upon them o gue wer eye and ab a Ps 
drum carrying the unins co or the 
return circuit. ‘The horse shafts at bolted at their 
extremities to the framing of the six horse power 
portable engine with which the apparatus is accom- 
panied, and thus form distance rods by which the 
framing of the electrical apparatus and of the motor 
are firmly tied together so as to all intents and 
Pp to form one machine. 

On Monday last this apparatus was employed for 
testing two modifications of Mr. Crompton’s elec- 
tric lamp, which we described last week,* and the 
trials, which were more or legs of a a character, 
gave very encouraging results. - this new lamp 
Mr. Crompton employs two distinct electro-magnets, 
one for controlling the feeding mechanism, and the 
other for regulating the length of the arc. He has 
also introduced an exceedingly simple and efficient 
carbon-holder, by which the adjustment of the car- 
bon pencils for centrality is effected by means of 
thumbscrews, and by which the carbons are firmly 
connected to the supports. The lamps were tried 
in the small temporary office of Messrs. Marshall, 
Sons, and Co., but as the object was rather to test 
the steadiness of the light than its illuminating 

ower, the small size of the room was in no way 
detrimental to the formation of a fair judgment. 
We cannot but think that Mr. Crompton is on the 
right track to produce a really serviceable electric 
regulator which will be low in its prime cost, and 
exceedingly simple to manage. 

Messrs. Penney and Co., of Lincoln, besides a large 
show of screens and other implements, exhibited 
their potato digger already shown at previous meet- 
ings. In this implement a disc armed with forks 
arranged radially, and revolving at the back of the 
machine, and in a line with its longitudinal axis, 
raises the potatoes from the ground, which has been 

reviously broken up by a share in advance of the 

orks. By the rapid revolution of the latter the 
potatoes are thrown forcibly against a hanging screen 
with vertical bars, the dirt passing between the 
latter, and the potatoes falling in rows at the side of 
the implement. The same exhibitors showed a potato 
sereen or separator for dividing potatoes into three 
sizes; it consists of three inclined riddles of different 
gauges each delivering into a spout. The potatoes 
fall from the first to the second and third riddles, 
excepting such as cannot pass through, which are 
passed on to the delivering spout. 

Messrs. F. and H., Randell, of North Walsham, 
Norfolk, exhibited amongst other objects an ex- 
tremely well-made and well-designed land roller. 
It consists of twelve narrow cylinders 6 in, wide, and 
21in, diameter, mounted on a shaft; these cylinders 
have their periphery formed of }in. steel plates on 
a wrought-iron body ; attached to each cylinder is 
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RANDELL’S CLOD CRUSHER. 
alight frame carrying a lever on which is placed a 
27 lb. weight; the main frame consists of a semi- 
circular wrought-iron plate at each end connected to 
a horizontal bar to which the shafts are attached. 
The accompanying sketch shows the arrangement 
be clearly. The end frames are connected to- 
gether with two lengths of gas-pipe, on which, if 


SS 





desired, additional weights can be hung; the 
— of each cylinder forming the roller is 14 Ib. 

essrs. G. W. Murray andCo,, of Banff, hada 
pap of their specialties. These included reaping 
and thrashing machines, and a number of miscel- 
laneous objects, such as ploughs, harrows, potato 
planters, ‘ae lifters, fencing brackets, and 
chain pumps. The standard types of these makers 
are too well known to need any special reference. 
Their potato planter, exhibited for the first 
time in a perfected form at the Smithfield Show 
last year, appears to be giving good practical results, 
They are made to plant either one, two, or three 
rows at a time at distances apart of 10 in., 12 in., or 
14 in, 

Many hundreds of root slicers and chaff-cutters 
were on the ground, some of them embodying 
novelties, but most of them of the standard patterns. 
In these implements, cast iron is giving place to 
wrought iron for the framing, a very obvious ad- 
vantage in many respects, and especially as regards 
shipment, as the dangers of breakage are almost 
entirely removed. Messrs. Hornsby and Sons, of 
Grantham, had a very novel combined root pulper, 
turnip cutter and slicer, which from its simplicity, 
and the facility with which the necessary change for 
converting the implement to its different uses can be 
made,should be recommended. The disc is made open 
with fittings to receive two different sets of knife 
plates, one pair for cutting finger pieces, and one pair 
for pulping, the cutters of the former pair being easily 
removed and replaced with slicers. The mode in 
which the knives are arranged is also new, and 
adapted for the ordinary implements as well as for 
this combined one. ‘They are placed on the disc in 
the form of VY, by which means the chief part of the 
cutting is performed midway between the bottom of 
the hopper and the top of the disc, the cut being com- 
menced simultaneously at the top and bottom of the 
set of knives. By this means the root is kept close 
against the disc, until the last piece is cut, anda 
perfect uniformity is obtained. Each of these im- 
plements is provided with a very large hopper, the 
upper edge of which is stiffened with angle-iron, 
and the lower part consists of round bars, forming 
an efficient screen, which allows any dirt to pass 
through before the roots are cut, 

Messrs. Richmond and Chandler, of Manchester, 
have recently commenced the manufacture of root 
pulpers, andexhibited three sizes of their implements ; 
they are well made and carefully designed to secure 
regular feeding, and to prevent the roots from being 
delivered in pieces instead of being completely 
pulped. The knives can be adjusted for fine or 
coarse pulping. The same firm also made a fine 
display of chaff-cutters, especially in those sizes 
driven by power. The four largest sizes of these 
implements were fitted with self-acting reverse 
motion, by which the feed rollers and web are both 
reversed, and the danger of the hay becoming 
entangled in the rolls and damaging the machine is 
avoided. We may mention that the Royal Agricul- 
tural Society selected two of Richmond and 
Chandler’s chaff-cutters to form a contrast to the 
old implements in the Museum, one worked by hand 
and the other by horse. The corn crushers of the 
same firm may here be noted; the rollers are now 
fitted with springs so as to yield, if stones, pieces of 
iron, &c., are fed between them; a riddle is also 
added below the hopper for removing dust and 
other impurities from the grain before it enters the 
mill, 

The Albion Iron Works Company, of Rugeley, 
showed a number of chaff-cutters, containing, how- 
ever, no special novelties. They are fitted with 
rising mouthpieces, and most of them cut two 
lengths, the change being effected by a larger or 
smaller crown wheel gearing into a worm on the 
mainshaft. This worm is placed between the two 
wheels, one of which is thrown out of gear as the 
otheris thrownin. Messrs. J. Williams and Son, of 
Rhuddlan, near Rhyl, also had a large collection of 
very neat chaff-cutters. In some of these the 
arrangement for cutting two lengths was by a worm 
with different sized crown wheels on each side, some- 
thing similar to the implement last described, but 
they exhibited several others of a more complete type. 
In these all the gearing was confined to that on 
the maio spindle, and a large bevel wheel with two 
concentric rings of teeth for cutting the two Jengths, 
On the main spindle are three bevel pinions, one 
for gearing into the outer and one for gearing into 
the inner ring for varying the feed; the third pinion 
is for reversing the motion. All three of these are 





* See ENGINEERING, page 17 ante. 


loose on the spindle. There are also two clutches 





sliding on the latter, one single and one double, the 
latter is between the longest feed pinion and the 


good | reversing pinion, and can be engaged into one or 


the other. The motion of this cutter is controlled 
by two levers at the side of the implement, and by 
throwing over one or other of them, the feed can 
be set at ? in., 3 in., reversed or stopped as desired. 
These machines, which can be driven either by steam 
or horse power, are made in several sizes ; they are 
all of excellent workmanship, and are provided 
with wrought-iron frames. 

Amongst other exhibitors of chaff-cutters should 
be mentioned Messrs, Hunt and Tawell, whose im- 
plements are of these makers’ standard types, and 
all of good workmanship ; wrought iron is largely 
used in the framing. 

Messrs, Jeffrey and Blackstone, of Stamford, 
made an unusually large display of implements, 
which we may notice briefly, It included hay- 
makers, horse rakes, chaff-cutters, and horse gears, 
some of which were new, and many have been im- 
proved since they were last exhibited. There were 
several examples of their double-action haymaker, 
which took a first prize at Taunton. Some of their 
implements were fitted with screens, and others 
with the hood, seat, &c., characteristic of Messrs. 
Jeffrey and Blackstone’s type. This machine is now 
so well known, that a detailed description of it is 
needless ; but we may mention that a smaller and 
lighter machine than has hitherto been made on this 
principle is now introduced, and will doubtless prove 
serviceable to small holders and farmers requiring a 
strong but. light double.action haymaker. 

At the same stand there were several new pattern 
horse rakes, both manual and self-acting, which 
have been well and successfully tested. The teeth 
are made of steel, and of a YJ section, which offers 
comparatively little resistance when filling or dis- 
charging, and is very stiff. ‘The travelling wheels 
are of wrought iropv, and in the manual rakes are 
made from 8 ft. to 4 ft. 6 in, in diameter, those in the 
self-acting rakes being 4 ft. and 4ft. 6in. The self- 
acting rake may be turned to either side when at 
work, and like the manual rake possesses the ad- 
vantage of allowing the teeth to be raised 6 in. or 
7in. to suit the inequalities of the ground; this 
enables the attendant to rake perfectly clean on 
ridge or furrow, and the implement can be fixed at 
any height for corn raking. 

This firm also showed a number of chaff-cutters of 
all sizes, with wrought-iron frames and legs. They 
are provided with a rising mouth, and are very easy 
to work, The gearing is covered up to keep the 
dirt out, and to prevent danger. These machines 
have lately received much attention, and amongst 
other improvements are fitted with a new pattern of 
roller which appears to do its work effectually. 

The wrought-iron horse gear by the same makers 
may be mentioned. Its frames, pillars, and inter- 
mediate head are constructed of wrought iron. The 
upright shaft and pole flanges are coanected by a 
self-acting clutch, which gives the horse an easy 
start, thus preventing any sudden strain on the ma- 
chinery, and which disengages itself immediately 
the horse is stopped, thus checking overrunning. 
These machines are made with the wheels 3 ft. and 
4ft. in diameter, and are fitted for one or two 
horses. 

Self-acting and self-lifting implements and ma- 
chines, have of late years been quite a feature with 
Messrs. Howard. One of the most successful of 
these is their self-acting horse rake. The wheels 
are fitted with a brake arrangement and the 
slightest touch of the driver’s foot causes the teeth 
to rise instantly for emptying; the teeth are a 
patented section, fluted and tapered, so as to give 
the greatest strength where needed, and being 
coupled, they are capable of dealing with a heavier 
load than when hung singly; there is also a very 
simple method of altering the pitch of the teeth. A 
lighter form of the friction brake rake is the 
** Anglo-American,” which embraces most of the 
principal features, and is moreover much lower in 
price, even than the light American-made rakes. 

Of harrows we have space only to mention 
two, one exhibited by Messrs, Handyside and Co., 
of Derby, and designed by Mr. Philips, whose reap- 
ing machine we notice elsewhere. The harrow 
consists of a number of cast-iron triangular open 
frames joined to each other at each corner by chains. 
On one face of the triangle are cast four short tines 
or teeth near one at each angle, and the fourth in 
the middle of the face. On the other side there are 
four projections in corresponding = pase but 
rounded instead of being pointed. ‘These produce 
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¥ISON’S DRUM GUARD FOR THRASHING 
(For Description, see Page 32.) 


a less marked effect upon the ground. Messrs. Ni- 
cholson and Sons, of Newark, also showed a number 
of harrows, arranged with their special fastenings 
shown in the annexed sketch. The tooth C is made 
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NICHOLSON’S HARROW. 


with a head hollowed on the undesside to fit over the 
crossbar B. The beam lies over the head of the 
tooth, and is clipped by the loop D passing round 
the bar, and the whole assemblage is kept tight | 
the wedge E, It will be seen that any one toot 
can be taken out by loosening the wedge E. 

Mr. A, Ridgeway, of Macclesfield, showed a well- 
made hand hedge clipper, for cutting widths from 
18 in. to 3 ft. ft consists of a pair of blades some- 
thing like the knives of a reaper, placed one on the 
other and connected by pins from the one passing 
through slots in the other, and held in place by nuts. 
A pair of central handles control this apparatus, 
which is said to perform rapid and excellent work. 

Messrs. Schiiffer and Budenberg, of Manchester, 
showed a variety of objects, chiefly small. Among 
them was a number of duplex pressure gauges, 
arranged either with a double tube and two indices 
in the same case, or two with separate dials, the 
object being to indicate if the gauge becomes out 
of order. ‘They also exhibited a tap union for at- 
taching nozzles to hose, &c. It consists merely of a 
conical rubber plug fixed in the mouthpiece of a 
hose by a screwed cap, and having a coned hole in 
the centre; the end of the nozzle is forced into the 
hole, the — holding it tight, while the water 
pressing on the other side of the plug tends always 
to keep the nozzle in place. The same firm exhibited 
a universal pipe joint for connecting pipes at any 
angle, and dispensing with bends. this coupling 
consists of a sphere formed in halves, the line of 
separation forming an angle of 45 deg. with the 
pipe union on each half of the sphere, the joint being 
made good by a shoulder in one half fitting into a 
recess in the other ; a bolt hole is also made in each 
half of the sphere, these two holes always remaining 
exactly opposite each other, at whatever angle the 
unions may be set. The bolt passing through them 
tightens up the joint. 

In conclusion, we may notice a new fastening for 
door handles, shown by Messrs, T. H. P, Dennis and 
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Co., and illustrated in the annexed cut. The 
handles are hollow spheres screwed together, as 
shown, and a square threaded bolt passes from one 
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DENNIS DOOR HANDLE FASTENING. 


to the other. The base of each handle is flattened, 
and a nut of the form shown passes on the bolt. 
This nut has six holes around it, and the fastening 
screw passing through oneof themsecures the handle ; 
the handle can be tightened up by turning the nut, 
a ‘ine adjustment to a sixth of a turn being effected 
by the hole in the nut and the fastening screw. 








TRAPPEN’S VALVE GEAR. 
To THE EpiTroR or ENGINEERING. 

S1x,—In your issue of the 20th ult. you devote con- 
siderable space to the illustration of the ‘‘ Trappen’’ valve 
gear, which you state is now being introduced into this 
country by a Manchester firm. 

It seems to us the same as the valve gear covered by our 
patent, No. 2860, July 13, 1876. 

We are, Sir, yours obediently, 
Dovuaias AND GRANT. 
Dunnikier Foundry, Kirkcaldy, July 1, 1879. 








Carpirr TRamMways.— On Friday morning the con- 
tractors of the Canton Extension Tramway took a trial 
trip over the newly laid line from St. Mary’s-street to 
the terminus, Market Hotel, Canton, those present com- 

rising Mr. G. A. B. Williams, C.E. (borough surveyor) ; 
Mr. W. E. Hurley (manager of the tramway); Mr. Ensor 
and Mr. G. Raistrick (man for the contractors). It is 
hoped that the extension will be opened in a few days to 
the general public. 





CocHIN AND TRAVANCORE Rartway.—The last home 
mail brings news that Mr. H. W. Hudson, the engineer-in- 
chief, is busily engaged setting out the surveys estimates, 
and statistics connected therewith. The Cochin and 
Travancore Governments have already agreed to furnish 
capital to the amount of 70,0001. Itis expected that shortly 
the company will be brought before the British public, the 
line being guaranteed. Mr. Hudson formerly held an 
appointment under the Great Northern Railway Company. 





TorpPEpo Boat ror AusTria.—The official trial of one 
of the first-class torpedo boats, built by Messrs. Yarrow 
and Co., of Poplar, for the Austro-Hungarian Government, 
took place on at’ July 4th, in the presence of Count 
Cassini, naval attaché to the Austro-Hungarian Embassy, 
and Herr A. Waldvogel, chief engineer to the Austrian 
when a was obtained during an entire hour’s 
run of knots 21.2. The dimensions of the craft are 86 ft. in 





HALL’S PORTABLE STONE BREAKER. 
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see Page 33.) 


THE INSTITUTION OF CIVIL ENGINEERS. 
Tue Council have awarded the following premiums in 
respect of original communications submitted during the 
Session of 1878-79. 
For Papers Read at the Ordinary Meetings. 

1. A Watt Medal and a Telford Premium to George 
Frederick Deacon,* M. Inst. C.E., for his paper on ‘‘ Street 
Carriageway Pavements.”’ 

2. A Telford Medal and a Telford Premium to John 
Bower Mackenzie, M. Inst. C.E., for his paper on “‘ The 
Avonmouth Dock.” 

3. A Watt Medal and a Telford Premium to James 
Nicholas Douglass,* M. Inst. C.E., for his paper on ‘‘ The 
Electric Light applied to Lighthouse Illumination.”’ 

4. A Telford Medal and a Telford Premium to Adam 
Fettiplace Blandy, M. Inst. C.E., for his paper on ‘‘ Dock 
Gates.” 

5. A Telford Premium to Edward Dobson, Assoc. M. 
Inst. C.E., for his paper on ‘‘ The Geelong Water Supply, 
Victoria, Australia.”’ 

6. A Telford Premium to James Price,* M. Inst. C.E., 
for his paper on ‘‘ Movable Bridges.”’ 

7. A Telford Premium to John Evelyn Williams, M. 
Inst. C.E., for his paper on “‘ The Whitehaven Harbour 
and Dock Works.”’ 

8. The Manby Premium to John Purser Griffith, Assoc. 
M. Inst. C.E., for his paper on ‘‘ The Improvement of the 
Bar of Dublin Harbour by Artificial Scour.”’ 


For Papers Printed in the Proceedings without being 
Discussed. 

1. A Watt Medal and a Telford Premium, to George 
William Sutcliffe, Assoc. M. Inst. C.E., for his paper on 
**Machinery for the Production and Transmission of 
Motion in the large Factories of East Lancashire and West 
Yorkshire.” 

2. A Watt Medal and a Telford Premium to Edward 
Sang for his paper on “‘ A Search for the Optimum System 
of Wheel Teeth.’’ 

3. A Telford Premium to William George Laws, M. Inst. 
C.E., for his paper on “The Railway Bridge over the 
River Tyne at Wylam, Northumberland: « 

4. A Telford Premium to Géorge Higgin,* M. Inst. C.E., 
for his ‘‘ Experiments on the Filtration of Water, with 
some Remarks on the Composition of the Water of the 
River Plate.’’ 

For Papers read at the Supplemental Meetings of 
Students. 

1, A Miller Prize, to Arthur Cameron Hartzig,¢ Stud. 
Inst. C.E., for his paper on “‘ The Tidal Wave in the River 
Humber.” 

2. A Miller Prize to Robert Henry Read, Stud. Inst. 
C.E., for his paper on the ‘‘ The Construction of Locomo- 
tive Boilers.” 

3. A Miller Prize to John Charles Mackay,t Stud. Inst. 
C.E., for his paper on ‘‘The Excavating of a Tunnel in 
Rock by Hand Labour and by Machinery.’’ 

4. A Miller Prize to Percy Wilson Britton,+ Stud. Inst. 
C.E., for his paper on ‘‘The Design and Construction of 
Wronght-Iron Tied Arches.”’ 


THe ELEcTRIc LIiGnT aT CONSTANTINOPLE.—The com- 
pany recently established in Paris for public lighting by elec- 
tricity, on the Jablochkoff system, have received permission 
from the Porte, on the application of the Turkish Société 
Générale, to make experiments with their plan of lighting 
in Constantinople and its suburbs. 














length jp tm ft. beam, and her machinery is of 450 horse 
power.— b 


* Have previously received Telford Medals. 
+ Have previously received Miller Prizes. 
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this pipe was bound Ma rested on the brickwork about 
the front wall and of the top of the main. flue at the front 


boilers with us, I enggested 
brickwork, bnt owing to ical cul- 
was ‘adopted. he pipe would 
contraction of the boiler when 
emptied, and when the steam 
was got up on Monday the water would be forced out as 
the pressure rose; and, probably, shortly before the 
explosion the fractured pipe would be so much displaced, 
that the escape of the water would be so rapid as to bare 
i i . Fracture of such pipes 
has frequently occurred, and led to collapse of the fine 
tubes of boilers or to other serious damage. 

Fusible Plugs and Low-Water Valves.— The brass 
bushes filled with lead, such as were on the furnace tubes, 
are never reliable as fusible plugs, and those in this boiler 
were in such condition that they could not be melted out. 
The boiler which exploded at Agecroft Colliery a few 
months since, had similar plugs, which then, as in many 
i » proved quite useless. 

Fusible plugs and low-water safety valves, if of good and 
reliable construction, are a most valuable safeguard, 
but many parties have peculiar and generally erroneous 
prejudices against their adoption, or do not appreciate 
their importance. Hence numbers of boilers are at 
work which have no reliable protection of this kind, 
although they may be otherwise well fitted, &c. They, 
like all other fittings attached to boilers, require regular 
attention to keep them in efficient order. 

Our company recommends, but does not insist on, the 
——- of the double-cone fusible plugs to all internally 
fired boilers, and we have found them most efficient. We 
are so impressed with the importance of a good safeguard 
against deficiency of water, that we make a reduction 
from insurance premiums, not only for the double-cone 
plug, but also where any good apparatus with this object is 
fitted to the boiler. 

Yours faithfully, 
Henry HILuer, 
Chief Engineer and Manager. 
National Boiler Insurance Company, Limited, 
22, St. Ann’s-square, Manchester, June 24, 1879. 





Report on the Boiler Explosion at Messrs. Fletcher 
and Sons, Paper Makers, Stoneclough, Kersley, near 
Bolton, Lancashire, by THomas BALpwin, Chief En- 

ineer of the Mutual Boiler Insurance Company, 
imited, Manchester. 

The explosion of the boiler: is said to have taken place 

on Monday morning, the 16th of June, 1879, at about half- 

past six o'clock. 

I first saw the exploded boiler on Wednesday the 18th 
June, and found it to be one of a range of eight boilers, 
and its position relative to the other boilers was the fourth 
counting from the left hand. A portion of the boiler shell 
with the dome and safety valve upon it and part of the back 
end plate attached, was found in the river at a distance of 
about 50 yards from its original position, this piece is 14 ft. in 
length and 7 ft. in diameter, and weighs about 3} tons ; it 
has been severed from the other part of the shell through 
the line of rivets at the sixth transverse seam from the 
back end. (See engravings on e 37.) 

The other portion of the shell was torn into a consider- 
able numberof pieces and thrown about the works in vari- 
ous directions, a piece of the front end plate, containing 
the cast-iron mudhole and cover, was thrown in the front 
of the boiler into a field to a distance of about 200 yards. 
The cast-iron manhole and cover with the plate to which it 
was attached was thrown over the buildings on to the 
reservoir bank and had not received any injury. 

The flues were completely collapsed and broken into 
many pieces, some of which were thrown into the same 
field as the mudhole, about 130 yards from their original 
position. The furnace and back ends of the flues were 
ay my severed from the end plates, and 14 ft. in length 
of the furnace ends of both flues were found a short dis- 
tance in front of the boiler. 

The boiler was of the ordinary Lancashire type, with 
two internal flues. The length of the boiler was 34 ft., and 
the diameter of the shell 7 ft., the thickness of the shell 

lates was originally nearly 7; in., the fines for 10 ft. in 

h were 2 ft. 8 in. in diameter, and gradually decreased 

in the next 4 ft. to 2 ft. 6) in. diameter, and continued at 

the smaller diameter for 20 ft., the larger diameter of the 

flue being at the furnace ends and the plates 7 in. in thick- 

ness, but the parallel smaller diameter for 20 ft. in length 
was onl ie in thickness. 

The shell of the boiler and the 20 ft. length of 2 ft. 64 in. 
diameter of the flues are hand-rivetted, but the other por- 
tions of flues, 14ft. in en at the furnace ends appear 
to be machine-rivetted, and were put in about ten years 


ago. 

The safety valve is 4in. in diameter, and the length of 
the lever from the fulcrum to the point where the weight 
was hung is 30} in. ; the distance from fulcrum to centre 
of valve is 2}in., the weight which hung on the lever 
is 49 Ib., and the weight of the bress valve and centre pin 
is 6lb. This will give by calculation the pressure at which 
this balanced-lever safety valve would blow off 53 Ib. on 
the square inch. 

There is one steam gauge on No. 7 boiler, and also one 
on ® wrought-iron receiver which joins the steam pipes, 
but no gauges on —— the other seven boilers, which were 
all coupled together by wrought-iron steam pipes. 

It is said that the exploded boiler was cleaned out on the 
Saturday before the accident took place, and that water 








was put in on the Sunday, and fires lighted in the furnaces 
on Sunday evening. 

When oo the junction valve on Wednesdsy it was wide 
open, and attached to the steam pipe, which was left hang- 
ing nearly in its original position. 

The fractured — were some of them slightly rusted 
when I first saw them, having been lying in the rain since 
the explosion ; there are some slight signs at the back end 
of the flues of red oxide having been on the inner sides of 
the plates on the top side of flues but not of that character 


that would warrant me in stating that the flues had been | sq 


overheated. 

It is stated that the explodJed boiler was made twenty-six 
years “go and has been at work ever since, and paper mills 
generally work night and day, showing that this boiler has 
gone through a + amount of wear and tear. 

The rivet heads of the shell and those of the hand-made 
portion of the flues only project from 4, in. to } in. above 
the surface of the plates, and their form is conical and 
about 14 in. in diameter at the base, leaving not more 
than in. in thickness of metal of rivet head at the 
circumference of the body of the rivet, and many rivets 
are much less than this, some have the heads entirely 
sheared off. The rivet heads I am now speaking of are 
the heads formed by the boiler-makers’ hammers when 
rivetting the plates together, and on the shell are outside 
the boiler, and also on the larger circumference of the 
flues that is inside the boiler. 

The diameter of the rivet holes is, on the side of the 
plates where the punch first entered, { in., and on the other 
side lin., making the mean diameter of the rivet holes 
#2 in., and many of the rivet holes have been drifted to 
more than 1 in. in diameter. 

The rivets do not fill the holes and in numerous cases 
they do not fill by 7; in. to fin. ; the pitch of the rivets is 
2 in. 

I believe the explosion arose owing to the flues being 
weak in the hand-rivetted portion which might allow them 
to collapse even with a pressure of 53]bs. on the square 
inch, as the metal will have deteriorated in strength and 
the rivet heads would do so likewise, and may have been 
sheared or bent by the pressure acting upon them and so 
allow the flues to collapse. The collapsing pressure, ac- 
cording to Sir William Fairbairn’s experiments when the 
boiler was new, would be 109 1b. on the square inch, if the 
flues had been well made. 

If the junction valve was closed until the pressure got 
up to 53 bb. on the square inch whilst the other boilers 
had only about 40 lb. on the square inch in them and then 
opened, the rush of steam would be such as to take with it 
nearly all the water in the boiler, and so leave the fire to 
overheat the flues to such an extent as might cause them 
to collapse with even 40lb. on the square inch in the 
boiler, but no such heating was observed. 

The iron composing both the shell and the flues is of a 
very brittle character, and that portion of plate lying 
between the rivet holes would be injured as to strength by 
the punching of the plates, and the large holes will also 
weaken the joint. 

The original tensile strength of the plates would be about 
18 tons per square inch; I believe this would through 
punching and constant wear and tear be lowered to 14 tons 
on the square inch in twenty-six years. Taking the plates 
between the rivet holes as being able to bear only 14 tons 
on the square inch before rupture takes place, the rivetted 
joints of the shell of this boiler would be torn asunder by 
a pressure of 161 1b. on the square inch, which leaves a 
factor of safety of only three instead of six to meet contin- 
gencies, and accounts for the tearing of the shell into so 
many pieces after rupture had commenced. The shell and 
flues were torn into at least fifty pieces. 

I am of opinion that the flues began to collapse near the 
middle of their length in a vertical direction, thereby tear- 
ing the ends of the boiler and themselves to pieces, and at 
the front end of the shell rupture would commence and 
spread itself over the shell, tearing the plates and joints to 

leces, producing the result we have seen in the case of this 
iler explosion. 

The factor of safety in connexion with the flues when 
new is only two to meet contingencies. 

There was a fusible plug on each furnace crown made of 
brass about lin. in external diameter, and about 2in. 
long, with a hole in each about }in. in diameter filled with 
white metal. I consider the smallness of these plugs ren- 
dered them quite useless, and they were also choked up 
with mud at the side next the fire. 

It is important and desirable that connected boilers 
should each have their own steam gauge, so that when a 
boiler has been cleaned, and the steam is being got up, the 
fireman may see the pressure to enable him to tell the 
proper time to open the junction valve, and not depend on 
the safety valve blowing off before he opens the junction 
valve, which in all cases should be done very gradually. 

Gatowim. 


THOMAS 
The above ee was given to the coroner on the day of 
the inquest, and was written after he had authorised me to 
examine the exploded boiler, with a view to giving evidence 
at the inquest, and I gave evidence accordingly. 

The following are my reasons for not believing that the 
collapse of the flues were caused by overheating the furnace 
crowns, &c. :— 

The cast-iron mud pipe to which was attached the blow- 
off valve was found to be broken off at the elbow nearest 
to the block, about 9 in. below the bottom of the boiler, 
and evidence was given by Mr. Hiller that this had been 
broken by the contraction of the boiler when cooling after 
it had been emptied on the Saturday, but only cracked 
sufficiently not to leak when the boiler was again being 
filled with water, and that it finally broke completely off 
after the steam had got up in the boiler, ‘‘ the water would 
be forced out as the pressure rose, and probably shortly be- 
fore the explosion the fractured pipe would be so much 





peg mony” that the escape of the water would be so rapid as 
to the tube crowns in a brief period.’’ 

This cast-iron pipe is 3 in. diameter in the bore, and to 
allow the same area as the pipe the crack would have to 
open only t uarters of an inch, it might, if broken, be 
open less or it might be o more than this. If open 
sufficient to allow water to flow the same bore as the pipe, 
the flues would have become uncovered in twenty minutes 
or probably less time, and the boiler being coupled to the 
others and the junction valve open, steam of 52 lb. on the 
mare inch would be constantly entering the boiler and 
force the water out with + rapidity, and in about fifty 
minutes the boiler would be emptied of water. 

It may take any time greater than what has been named 
to lower the water below the crown of the flues or to empty 
the boiler of water, but one thing is certain that if the 
water fell below the crowns of the flues to such an extent 
as to cause the heat of the furnace to overheat them, or 
to increase their temperature to such an extent as to weaken 
the iron, this would have been observed on examining the 
fractured plates over the furnace or on the crowns of the 


flues. 
In every fracture the iron on the upper portion of the 
flues, and in every other fracture, was of a clear bright 


whitish grey and similar to any iron fractured or broken 
at temperatures between 200 deg. and 360 deg. Fahr., and 
as this temperature has been found by direct experiment 
not to weaken the iron, it could not be weakened by the 
temperature of the steam within the boiler, and if the tem- 
perature of the plates had been so high as 437 deg. Fahr. 
the fracture of the iron would have ome of a bright 

llow colour, and the fractures would have shown the fol- 
owing colours at the respective temperatures given : orange 
473 deg., red 509 deg., violet 531 deg., blue 559 deg., green 
630 deg., and a dull bluish grey at higher temperatures : 
these have been ascertained by direct experiment, and are 
well known to all workers in iron or steel. 

The fracture of the Lowmoor plate over one of the 
furnace crowns was right across the ordinary brand of the 
plate, and was of a bright crystalline appearance, showing 
clearly that these plates had not been overheated. 

The plates of both the shell and flues were nearly of their 
original thickness, no signs of corrosion inside or outside 
the boiler were visible to any serious extent. 

I feel certain from these appearances that the crowns of 
the furnaces or flues were not overheated, and that there- 
fore the flues did not collapse owing to the water in the 
boiler falling below their crowns and then becoming over- 
heated by the fire in the furnaces. 

These flues ought to have been strengthened by two 
angle-iron or T-iron hoops round each tube fixed in the 
ordinary manner. 

Had the aperture in the pipe been dangerously large, the 
steam and water issuing from it woul have in 
the pressure in the inside of the flues and interrupted the 
draught by completly filling up the bottom flue, and the 
steam would have been so voluminous that it would have 
issued from the furnace doors, and the noise caused by 
blowing from the pipe would have been heard all over the 
boiler-house, but the evidence of the firemen attending to 
the other boilers is that no sound of issuing water or steam 
was heard at all previous to the explosion. 

Colonel Rich, Inspector of Railways, had been sent down 
to examine the exploded boiler by the Home Office, but 
when he arrived on Thursday the whole of the fragments 
had been moved, and had been lying about the premises 
exposed to the rain for ten or eleven days ; it was then im- 
possible to see any of the collapsed flue plates in a condition 
to form a correct opinion as to their having been over- 
heated owing to the whole of them being completely rusted 
or oxidised both on the surfaces of the plates and on their 
fractured edges. 

When a boiler fine collapses from becoming overheated 
at the crowns, the crowns are always pressed inwards to- 
wards the furnace, only the bottom of the flues remaining 
nearly of their original shape, but these tubes have col- 
la; downwards at the crowns and upwards at the under 
sides at one and the same time, the collapsed plates meeting 
in the middle of their length and in the axis of the tubes, 
which proves that the strength of the plates was about 
equal at the time of the collapse on both the top and bottom 
sides of the flues, and the flues are so broken up that the 
— showed no signs of overheating when I examined 

em. 

The evidence of the firemen show that the boiler was 
full of water immediately before the explosion took place. 

I am wishful that the true cause, viz., weakness of the 
flues, should be known to prevent as far as possible similar 
accidents occurring again. 





HOLLWAY’S PROCESS. 

Mr. Jonn Houutway has forwarded for publication in 
the Journal of the Society of Arts the following account 
of his new ae py of rapid oxidation by which sul- 
phides are utilised as fuel. It is published now, inasmuch 
as it seems probable many of the members may be glad of 
@ summarised account of the process, who might not have 
had time or inclination to read the longer and more 
techrical account given in Mr. Hollway’s paper read before 
the Society of Arts, February 12th, 1879. 

This process has for its object the utilisation of the heat 
generated by the rapid oxidation of certain mineral sub- 
stances, which have not hitherto been used as sources of 
heat for smelting operations. The heat thus obtained is 
employed in the uction of the furnace charge, which 
may be composed partly of sulphides and partly of silicious 
ores. A current of air is forced through molten sulphides, 
by which means they are very rapidly oxidised. Great heat 
is thus developed, rendering the process of smelting a self- 
supporting operation ; therefore no extraneous fuel is re- 
quired, excepting that employed in raising steam for the 
blowing engines ; where, however, water power is available, 
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steam can be dispensed with, in which case all the carbo- 
naceous fuel necessary for the operation is a little coke to 
start the furnaces, which stands in the same relative posi- 
i Sater agen wapatai eben the lighting of an 

It is well known that pyritous minerals are readily com- 
bustible, but the best means of utilising the heat-produci 
property of metallic sulphides, is not so apparent as woul 

¢ first sight appear. Of these sulphides only iron pyrites 
is sufficiently combustible at a low temperature to burn in 
the open air, the mass being raised to the temperature at 
which the oxidation takes place solely by the union of 
sulphur and iron with atmospheric oxygen. In Spain there 
are numerous deposits of poor cupreous pyrites, and the 

Rio Tinto and Tharsis Companies annually treat, at their 
mines, about one million tons for the extraction of copper 
only, which does not average 2 per cent. The process 
employed consists essentially in roasting the pyrites in 
heaps in the open air, dissolving out the copper from the 

roasted material, and precipitating it from solution by 
means of iron. These operations extend over several months, 

gold or silver contained in the ore is lost, and the iron 
po | sulphur are also wasted. The sulphur passes into the 
air as an obnoxious and annoying gas, desolating the country 
for miles around the works. 

From the earliest ages carbon has been considered a neces- 
sity in all metallurgical operations. The first reduction 
of metal by means of carbon forms a connecting link 
between the of stone andthe commencement of civilised 
art. It is well known that carbon burns at widely varying 
temperatures, as, for example, in our bodies, in a common 
coal fire, orin afurnace. A great deal of thought has been 
devoted to the subject of economising carbonaceous fuel, 
and great advances have been made in this direction; yet 
the expenditure of coal or coke necessary, say, to melt a 

iven quantity of metal still far exceeds the theoretical 
fimit. The main causes of this discrepancy may be ac- 
counted for as follows : 

1. Only part of the oxygen of the air passing into a fur- 
nace, acts on the material to be burnt. 

2. The oxygen is not brought in contact with the com- 
bustible matter with sufficient rapidity, to obtain the neces- 
sary temperature for the operation. 

8. Gases pass off hot and unburnt. 
ever, frequently utilised. 

There is one metallurgical operation in which the first 
two sources of loss are avoided, viz., ‘‘ Bessemer’s,”’ 
where, by blowing air through molten crude iron, a ver 
high temperature is attained by the combustion of small 
quantities of carbon and silicon contained in the crude 
iron ; this is, however, not the case in the process of 
puddling, where the oxidation is spread over a considerable 
period of time, although the same constituents are fre- 

nently burnt in similar proportions. But even in the 

Tpasumer process the carbon is only half burned, and a 

large amount of heat escapes with the carbonic oxide and 
nitrogen. 

When, however, thin streams of air are forced through 
molten sulphide of iron lying ona tuyere hearth, a high 
temperature is produced by the perfect combustion which 
ensues in the midst of the sulphides, and no unburnt gases, 
excepting nitrogen and sulphur vapour, escape from the 
surface of the molten mass, The hot nitrogen and sul 
phurous acid may be caused to act upon iron pyrites and 
other mineral matter, and when — is thus heated, an 
atom of sulphar held in feeble combination is in great part 
expelled, and thus is obtained molten protosulphide of iron, 
which is subsequently burnt by the oxygen of the air driven 
in at the lower part of the furnace, thereby producing the 
heat necessary for continuing the operation. The process 
may be defined as a system of fractional oxidation, in which 
the numerous constituents of a complex furnace charge can 
be separated from each other and concentrated in different 

rts of the eqeeretes, the heat necessary for the operation 

ing obtained by the combustion of a portion of the less 
valuable constituents. 

The principal ores of all our ordinary heavy metals, 
except manganese and tin, are sulphides. Iron, although 
largely occurring in an oxidised form, is abundantly found 
in combination with sulphur ; and_bi-sulphide of iron, or 
iron pyrites, is an example of sulphurous and combustible 
minerals. Associated with the iron and sulphur in iron 
pyrites are invariably found small quantities of other 
metals, notably cobalt, nickel, copper, silver, gold, lead, 
zinc, and arsenic. Of these, zinc is almost as combustible 
as iron itself, while lead and arsenic readily volatilise as 
sulphides, and cobalt, nickel, and copper are distinctly less 
readily oxidisable than iron, while silver and gold do not 
oxidise under these conditions ; hence, in supplying air to 
such material, the iron is the first of the elements to suffer 
oxidation, so that if the oxidation be arrested before the 
whole of the iron has been burnt, the cobalt, nickel, 
copper, silver, and gold present will be found in the un- 
burnt portion. This principle finds a parallel in the 
Bessemer process of treating pig iron for the manufacture 
of steel, where a current of air is caused to bubble up 
through a bath of molten crude iron, the silicon is first 
oxidised, and is closely followed and to a great extent ac- 
companied by the carbon, and no large amount of iron 
suffers oxidation, until the whole of the silicon and carbon 
have been burnt out of the molten material. 

The experiments made at Messrs. Cammell’s works, at 
Penistone, in a Bessemer converter, have proved that by 
blowing air through molten sulphide of iron, the iron and 
& portion of the sulphur are oxidised, and if the oxidation 
is arrested before the combustion of the iron is complete, 
a heavy matt or regulus is obtained, which contains but a 
small proportion of the iron of the ore, but practically the 
whole or the aay 2 part of the copper and other less 
oxidisable metals. In one of these experiments the molten 
sulphides were run into the converter from a cupola, in 
which they had been rs melted, and the tempera- 
ture was kept up until the operation was discontinued, viz., 


These are now, how- 





for a period of ten hours, without the usé of any car- 
bonaceous fuel, the heat being entirely derived from the 
oxidation of the iron and a portion of the ur of the 
lumps of pyrites, which were’ continuously ‘thr ‘into 
the mouth of the converter. A Bessemer corivertér being 
unsuited forthe collection of the eae , the 
later experiments have been made in a } of cupola 
furnaces belonging to Messrs. John Brown the couabany 
Limited. These riments have the oe i 
of obtaining a valuable regulus, a nearly from 
copper, and a considerable quantity of crude sulphur. M. 
Pourcel, the well-known chemist of the Terrenoire Com- 
pany, has also e some very interesting experiments, 
ving treated by this method a cupriferous sulphide of 
antimony containing lead and zinc, using heavy spar and 
silica as fluxes ; he obtained a regulus containing the whole 
of the copper in the form of sulphide, a slag of light specific 
gravity, and the lead, zinc, and antimony as two separate 
sublimates which were condensed in different posts of the 
apparatus, owing to the superior volatility of sulphide of 
lead over the oxides of antimony and zinc. In the experi- 
ments at Penistone and at Sheffield a cold blast or air was 
employed, and the gases which passed from the converter 
or furnace into the open air, carried away with them a large 
amount of heat. In practice, however, it would be econo- 


mical to employ a hot blast, which could be heated by tlie 
waste heat from the hers my! gases. It is remarkable 
that the least valuable , Viz., iron and zinc, generate 


by their combustion the ce ed quantities of heat. 

The process may be employed for the reduction of even 
the more volatile metals, for — Mr. A. H. Allen, of 
Sheffield, has thus obtained metallic antimony a by 
the oxidation of sulphide of antimony. It is well known 
that sulphide of lead reacts upon oxide of lead with the 
production of metallic lead and sulphurous acid. If, 
therefore, a limited amount of air is blown into molten 
sulphide of lead, the oxide thus formed in the lower part 
of the furnace will, in passing upward, come in contact 
with the hot sulphide of lead, and metallic lead will result 
with the evolution of sulphurous acid. The furnace nove 
a quiescent hearth below the tuyeres, the metallic lead wi 
collect there, and can be from time to time withdrawn. A 
limited amount of air must be employed, because if it is 
driven in too quickly, the sulphide of lead would rapidly 
distil off. In thus treating argentiferous lead ores, the 
silver (and gold if present) would be found with the first 
metallic lead reduced. When thus treating galena the 
furnace should have a basic lining. 

The process is peculiarly suitable : 3 

1. For the treatment of metalliferous substances which 
cannot be advantageously treated by other processes. For 
the extraction of sulphur by distillation, and simultaneously 
for the concentration and separation of cobalt, nickel, 
copper, silver, and gold from minerals in form of me- 
tallie regulus ; while lead, zinc, antimony, arsenic, &c., 
accrue in the sublimates. 

2. For the treatment of complex ores, for example, grey 
antimonial copper ores, such as those experimented on by 
M. Pourcel. Ores similar to those worked at the well- 
known Bottino Mines, Seravezza, in the Italian Appen- 
nines, which contain thirteen or fourteen heavy metals, 
including silver and lead, for which latter alone they have 
been worked for centuries. The blende of lead mines, 
in Derbyshire termed ‘* muck,” usually thrown see 4 by 
the miners, because the large quantity of lead with whic 
it is associated renders the zinc obtained from it worthless. 

3. For the treatment of auriferous and argentiferous 
pyrites. It is well-known that in practice itis not possible 
to obtain the whole of the gold from pyrites by amalgama- 
tion with quicksilver, because the presence of sulphur and 
arsenic sickens and flours the mercury, whereas by fusion 
the whole of the silver and gold present is obtained. 

4. For the treatment of pyrites containing even only 
small percentages of cobalt, nickel, and copper, which are 
thus concentrated into a rich regulus, whereas this result 
is now only obtained by very tedious processes of alternate 
roasting and reduction. Such ores containing 10 per cent. 
and even 12 per cent of copper existin South America and 
many other parts of the world, but are not at present 
capable of economic treatment, owing to the difficulty of 
obtaining a sufficient supply of cheap fuel. The process 
can also be advantageously applied to the treatment of 
richer ores of copper such as are at present smelted at 
Swansea. 

5. For the treatment of poor lead ores. If such ores are 
added to a furnace charge of cupreous pyrites, the silica 
they contain will be utilised and combine with the resultin 
oxide of iron to form slag, the galena will be volatilis 
and be recovered as a sublimate, while any silver present 
will enrich the regulus. At present, by a costly process of 
crushing and washing these ores, the galena is concentrated, 
although a large proportion is left with the débris, and 
passes with the water into the streams, rendering the 
existence of fish in such waters impossible. The water 
power now used for washing the ore could, in many,cases, be 
employed for producing the blast. 

When thus treating cupriferous iron pyrites, four pro- 
ducts are obtained : 

1. A matt or regulus containing from 30 to 50 per cent. 
of copper, any traces of cobalt, nickel, silver, or gold the ore 
may contain, the rest of it being iron and sulphur ; it has a 
specific gravity of 4} to 5. 

2. A A som consisting of silicate of iron from the resultin 
oxide of iron combined with the silicious matters containe 
in the ore and the fluxes added. 

3. Sublimed sulphur, more or less mixed with volatile 
compounds of lead, zinc, and arsenic. 

4. Salphurous gases, consisting mainly of sulphurons acid 
and nitrogen. 

The regulus closely resembles, and will replace, the 
coarse metal of the Swansea copper process, which is now 
only obtained at considerable cost of labour, time, and 








carbonaceous fuel. When, however, sulphides of iron and 


| tially silicate of iron containing about 50 per cent. of i 


copper in‘ the bath are treated continuously by a 
blast of air a'point is at a arrived at when the whole 
of the iron is oxidised, and the regulus in the bath consists 
of sub-sulphide of copper. * If, now, a limited supply of air 
is introduced, the dopper is reduced to the m c state 
with the evolution of sulphurous acid. 

The ti) in the Penistone experiments was os. 
mn 
29 per cent. of silica. It had ity of about 3.8 to 4, and 
was in composition somewhat allied:to the copper-smel| "s 
ore furnace slag and to the tap-cinder of the iron puddler. By 


the addition of the calcareous materials, the specific gravity 
of the slag is so reduced as to cause it to separate readily 
from the regulus which collests below it. one of the 


beter pease when lime was used, the proportion of 
copper lost in the slag was very small. This is, of course, 
amostimportant point, for when dealing with ores con- 
taining but little copper, the pees of even a small per- 
centage in the slag means the loss of a considerable 


proportion of the copper present. These can be 
utilised for the pele.» aR of steel, being practically 
silicious iron ores free from phosphorus, and their reduc- 


tion in a blast furnace can be profitably effected, as the 
proportion of iron t is high as compared with the 
weight of the material ; indeed, it may be possible to reduce 
them while in a molten state. 

By re-subliming the crude sulphur, it can be freed from 
all ——— except arsenic, and at the works of Messrs. 
John Hutchinson and Co., Widnes, this is eliminated by 
means of polysulphide of calcium. 

As a certain proportion of the sulphur of the minerals 
suffers combustion, the resulting sulphurous gases contain 
from 14 to 15 per cent. of sulphurous acid, and hence the 
proportion of sulphurous acid to nitrogen is nearly identical 
with that of the gases produced by roasting pining in the 
kilns employed ~ | vitriol manufacturers, and can, there- 
fore, be used with equal advantage for the production of 
vitriol in leaden chambers. This appears to be the simplest 
solution of the great problem how to smelt copper without 
causing a nuisance to the surrounding neighbourhood, 
although a similar result might be obtained by collecting 
and liquefyingthe sulphurous acid. 

The more incombustible materials it is found practicable 
to employ without too great a loss of temperature, the 
wider will become the application for the process ; for there 
are many ores, including silicates and carbonates, contain- 
ing metals in the form of oxides, which might be con- 
veniently smelted by mixing them with a sufficient propor- 
tion of pyritous ores to effect their reduction ; in fact, one 
of the chief practical questions connected with this process 
is how far it may be trusted to effect the smelting of ores 
or furnace oe containing comparatively moderate 
proportions of sulphides. It is evident that it will almost 
entirely obviate the necessity for using carbonaceous fuel, 
at least as far as the production of a regulus is concerned, 
and consequently the localities in which smelting operations 
may be advantageously carried on are thus greatly multi- 
plied. One of its chief merits is that it is ly appli- 
cable with comparatively little extra cost in ‘the working, 
to very poor and very rich ores, for however small the re- 
sulting regulus, it will contain nearly the whole of the 
cobalt, nickel, copper, silver, and gold present in the fur- 
nace charge, while any lead, zinc, antimony, and arsenic 
= be obtained as sublimates.—Journal of the Society of 

rts. 








THE ECONOMICAL EFFICIENCY OF 
ENGINES. 
To THE EDITOR oF ENGINEERING. 

Sir, —Having given some attention to the application and 
efficiency of high-pressure steam, and more especially to 
the system as adopted by Mr. Perkins, I have read with 
much interest the various letters which have appeared in 
your columns recently on this subject. 

In your issue of the 30th of March your correspondent, 
Mr. Bury, 7 before your readers a very comprehensive 
criticism of the results achieved by the yacht Wanderer, and 
I quite concur with the decision arrived at by Mr. Bury 
that similar work can be done with 500 indicated horse 
power as the Wanderer has attained with 800 indicated 
horse power. Mr. J. F. Spencer partially answers this 
letter in your number of the 6th of June, but reserves his 
experience on this particular point; another corre- 
spondent, however, on same date, enters into most enthu- 
silastic praise of the system, and claims for it advantages 
which are certainly premature, and have not yet been 
proven either by results or experience. This correspondent, 
signing himself ‘‘R.J. W.,” claims for it an absolute im- 
munity to the owner from boiler makers’ accounts for re- 
pairs or from any expense-—scaling inside of boilers, &c, ; 
but as the boilers are produced in the engine shop, and it 
is impossible to ‘‘ scale’? a Perkins boiler, the con- 
clusions are somewhat gratuitous. 

Then again your correspondent gives us an instance of a 
firm accomplishing a given quantity of work with a Perkins 
engine on 3 cwts. of coal per day, which formerly took 
13 ewt. of coal with the old type of engine. I fear we have 
not been told that the comparison is probably made with 
some antiquated high-pressure oscillating engine con- 
stru without any attempt at economy and exhausting 
into the atmosphere at a considerable pressure. 

Again on the score of economy of up-keep Mr. J. F. 
Spencer admits that time alone can give us experience on 


this point, but “‘ R. J. W.”’ gives us his assurance, but which 
like his other asseverations are not strictly borne out by his 
facts. Speaking of Perkins’ piston and valves, he says 


they have been !found burnished smooth and bright asa 
mirror after working for days—I fear his experience is 
limited to that time—and that the friction of Perkins’ 
piston is less than any other piston yet constructed. Now 
we have the testimony of a party who has had a practical 
test of them, and which has been printed and circulated 
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extensively by Mr. Perkins, which gives the duration of 
these pistons with 400 Ib. 
days. Granted that this statement is correct, I fail 
what causes this rapid decay it i 
Me ef thts repared 
o . Bury’s opinion on thi 
to believe with “‘R. J. W.”’ that it would be economy to 
provide, say, an Australian liner with anew set of piston 
—_ on completion of every vo ‘ 
understand fresh water only can be used with Perkins’ 
boilers, and that otherwise the results ‘would be disastrous. 
Now sup leaks were to take place in the condenser, 
what would be the result, and especially where considerable 
work remains to be done, before an opportunity occurs for 


repairs ? 

Can “RB. J. W.”’ give your readers the original cost of 
the Perkins ordi compound engine, and what i 
advantage is to be gained by its adoption, say at the ex- 
oy B- ten years? Tome the Perkins system seems to 

dicapped by teo expensive cost of production with- 
out a nag eyed gain to the owner. 
IT admire the arrangement in the Wanderer in the entire 
coating or covering of her ines and boilers to prevent 
radiation, and if “ R. J. W.’ 





would carry out a similar 
plan with a pair of ordinary pound engines, he would 
insure as much economy for his outlay as with the Perkins 


system. 
I shall conclude with a remark on “ R. J. W.’s’’ state- 
ment that the Wanderer’s style of engine takes up less 
room, and ie ae fewer the ordinary com- 
pound engine; I would point out to him, firstly, that 
there are Atlantic steamers carrying 3000 tons D.W. cargo, 
with their engines and boilers, within two bulkheads only 
40 ft. apart, and 50 per cent. more room around their 
engines than around the Wanderer’s ; and, secondly, there 
are steamers working with engines indicating 700 horse 
power, and only one man employed in stokehole, passing 
coal, and attending to his fires, and with these duties not 
overtaxed. Can the Wanderer exceed these particulars ? 


Yours obediently, 
Glasgow, July 1, 1879. Curzer ENGINEER. 





SCREW PROPELLERS. 
To THe Eprror or ENGINSERING. 

Srr,—The number of ENGInzgERING for April 25th, 1879, 
I have before me. On page 351 commences a paper read 
by Mr. Arthur J. Maginnis at the twentieth session of the 
Institution of Naval hitects. This able paper is suffi- 
cient to prove that almost every conceivable scheme, plan, 
and design with numerous experiments have been entered 
into with the view of curing the screw propeller of its 
many faults, which the most scientific and practical engi- 
neers of the day know to exist. Now on page 352 I 
notice that Mr. Maginnis has the following remark : 
** Another design, which has recently been brought out in 
New York, to prevent corrosion, is to perforate the blades 
of the propeller with holes, the diameters of which decrease 
as they approach the circumference; the holes are also 
counte on the driving face of the blade. Numerous 


b. steam pressure at 100 working | tion 


the working of the same wheel before and after perfora- 


page 352, Mr. Maginnis 
says: ‘‘ The next subject to be noticed concerning the screw 
propeller, owing to the great expense which it causes, is the 
extensive corrosion which takes place on the back of the 
blades; to so serious an extent does this corrosion take 
place that it renders the life of a large cast-iron propeller 
cxtasmnely. chest, belngeninaess Swe punn.ane® Salt ohen 
in constant service. blades are also affected by it, 
but improved steel has lately been introduced, which has 
been found to last from three to four years. The cause of 


Next as to corrosion. On 


this corrosion has, like every other matter connected with 
the propeller, given rise to much difference of opinion, the 


most —— attributed to the vacuum at the back of 
the blade ; butas corrosion also takes place on the driving | 


face of the blade along by the leading edge, some other 





















































other advantages are claimed for this improvement, which 
if on trial prove effectual will more or less revolutionise 
screw ers.”” 

Now I would just observe that this is not a design merely, 
but a patented invention, and one which is not waiting to be 
tried to prove whether effectual or not, but is in actual 
working, and has already proved the truth of all it claims. 

Engineers of the present day have come to the conclusion 
that the most perfect screw propeller must be the nearest 
to the most perfect screw, and I, therefore, forward with 
this letter a photograph, showing a Delamater wheel, and 
which is a true or perfect screw. 

We will now treat of atleast some of the troubles of 
the screw propeller as they come before us. 

In cases of collision backing power is much needed. In 
backing all solid wheels throw a heavy body of water 
against the stern, which tends to force the vessel ahead, 
while the engine is reversed. With a perforated wheel, 
when the engine is rev , the vessel will back much 
quicker than when going ahead. A partial vacuum is formed 
on the after side of the blades, as the water cannot fill in 
as readily through the small end of the cones, so she backs 
into her own suction. 

We have had many instances here in New York of the 
backing power with a perforated wheel, we may also 
mention the case of the tug Rose, of Queenstown, Ireland, 
whose engines when reversed will bring the vessel to a 
dead stand in her own length, instead of four times her own 
length witha solid wheel. 

Next as to the breakage of wheels and how to prevent it. 
Wheels which are broken by water only, and not by coming 
in contact with hard substances, fracture owing to excessive 
vibration, and this vibration is caused by vacuum. Perfo- 
ration removes all vibration, and renders a steamer as quiet 
as a sailing vessel, hence it is found indispensable for yachts 
and passenger steamers where comfort is required. Break- 
age of shafts arises from the same cause, that of excessive 
vibration, each blade receiving its greatest shock while 
deepest in the water, the vacuum of these being most in- 
tense, while the other blades nearer the surface are less 
affected, hence the uneven strain or side shake on a wheel. 
This constant vibration destroys the fibre of the iron, 
hence a blow from a heavy sea will sooner or later 
wrench off the wheel or end of the shaft. The perforations, 
with their jets or columns of water forced through these 
holes in vortex motion, destroy the vacuum, remove the 
vibration as a consequence, and are a steadiment to the 
wheel which is at once observed at the very first revolu- 
tions of a wheel with perforations. 

Buoyancy or lifting power in the stern. Some wheels 
of the present wee are known to have a buoying power 
in the stern. sides of the cones act in propulsion and 
lifting, so that a great difference has been noticed in 


means must be at work to have such an effect.’’ 
I would here remark that those who have come to the 
conclusion that vacuum is the cause of corrosion are correct. 
Here then comes the cure—perforation—which destroys 
vacuum. Water having been disturbed from its place by 
revolving blades, goes back with giant force, and that, too, 
in a vortexed or whirlpool motion, and commencing in the 
smallest inequalities of the metal, bores with irresistible 
force the back of the blades, and in its whirl would dare 
venture on the leading edge of thedriving face. Each blade 
falls into the vacuum caused by its preceding blade, and thus 
comes the series of vibrations or concussions felt throughout 
the vessel. A perforated wheel, which has been in constant 
use on the tug Atalanta for fifteen months, does not show 
the very first commencement of pitting or corrosion in the 
slightest ey but still retains the blue casting mark as 
when come from the foundry. The perforations or conical 
holes are clean, showing the work they perform. 

The original diameter of a wheel ought to be retained. 
The tug Ida L. Tebo has lost in the diameter of her wheel, 
8in., 4 in. from each blade. i worn off by the 
great body and velocity of the water in its haste to fill in 
the vacuum which a solid wheel is constantly forming, 
eee bape edges of the blades nearly an inchin thickness, 
while the edges of the above Atalanta’s wheel are as sharp as 
when first put on, January 5, 1878. A perforated wheel, 
therefore, retains its original diameter. 

The number of blades which has been found to give the 
most satisfaction has been touched upon by Mr. Maginnis 
in his able paper—four blades—but the perforations im- 
prove any and every kind. 

Pitch, whether coarse or fine, are all improved by perfora- 
tion ; the sides of the countersunk holes give a fine pitch, 
while the pitch of the wheel itself takes the lead. fine 
pitch and high number of revolutions is an enormous and use- 
less waste of fuel, steam, and wear and tear on the engine, 
because a coarse pitch, well perforated, has no slip, and 
will therefore e distance just according to the 
pitch of the wheel and the revolutions. 

The swell astern of the perforated wheel is so much less 
than with the solid wheel, that in the Suez Canal and 
others the t utility will be seen. 

Speed. e mest sage engineers of our times have long 
since acknowledged that with their ponderous machinery 
and fine lined vessels, and every appliance with a view to 
more speed, some unseen power must be at work against 
them, and for which they cannot give an approaching 
reason. This unseen enemy is vacuum, causing the heavy 
stroke or concussion agai 


a the forward side of each re- 
volving blade, which checks continually the onward march 








of the vessel at the very least of 33 per cent. 


all | may be termed the vessel of original t 


violated law. If we wish a liquid to flow freely from a 
barrel we ventilate it. Ifa vacuum is formed anywhere, 
and we wish to remove it, we at once ventilate it. Just so 
it is with the wheel. The revolving blades under water 
will form or produce vacuum, and in intensity according to 
their depth ; we therefore ventilate it from the after or 
striking or driving face of each blade, when vacuum and 
—— die together, as the one cannot live without the 
other 


In future shipbuilding, screw may be placed 
lower down if perforated, which not be done with the 
common or solid wheel, for there lurks the enemy— 
vacuum. With fine lined vessels, good ay on boilers 
and coarse pitch wheels with orati i 
tively no limit to speed. en Mr. An 
engineer of the steamship Celtic, of the White Star Line, 























































first saw the perforated wheel, he exclaimed after a moment’s 
| rrr ‘* Well, it’s a perfect piece of machinery of 
itself.’’ 

I enclose some of the several testimonials I am in posses- 


sion of, and am, ¥ ont 
ours » 
H. B DEANE. 


THE STEAM TRIALS OF VESSELS. 
To THE EpITorR OF ENGINEERING. 

S1r,—I believe that all science is formed by observation 
or study combined with experiment ; I presume, therefore, 
that the official steam trials of the vessels for the Navy are 
for the purpose of observation and experiment to culminate 
in scientific conclusions; but as I am sceptical enough to 
doubt the present scientific value of the coefficients of per- 
formance calculated by the two well-known formula in 
relation to the area of midship section and the displace- 
ment, will you kindly afford me a little space to state my 
reasons for so doing. 

They are briefly these, that the formule allow for no 
difference in the type of vessel, nor in the type of engines, 
and consequently afford no true theoretical test for com- 
paring the results obtained on the trials, from vessels and 
engines of different types. 

ese formule were introduced by Mr. Atherton about 
25 years ago, when he was giving considerable attention to 
the relative economy of steam vessels of different capacity 
for carrying cargoes for long voyages ; the formule were, 
therefore, principally by him for working out the 
problems in connexion with vessels of the mercantile marine. 
As these vessels were then mostly of one type, say approxi- 
mately about seven beams to the length, and the engines 
were then also of one type, the ordinary condensing ; the 
coefficients for these sea-going vessels of whatever tonnage 
would be correctly tested by their deviation from the average 
or normal coefficients of 600 for the midship section and of 
200 for the displacement. 

But for vessels of different proportions or type to the 

above, i.e., a vessel of seven beams to the length (which 

), and with engines 
also of varying types, both of which variations prevail 
largely at t mt time, it becomes necessary that the 
two formuls should be modified or corrected to suit these 
variations in order to give the results of the trials in sucha 
form as to admit of a fair scientific comparison of the per- 
formance of each vessel. ‘ 
For if vessels of equal displacement, but of the following 
types, can be proved theoretically to require the power to 
va ow in the ratios given below, it would 
evidently i 


be more scientific to modify the formule accord- 








Vibration caused by vacuum is the legitimate result of a 


ingly than to calculate all vessels alike 
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Type of Vessel. Ratio of Power. 
10 beams 85 
7 1. 
4-355 1. 
3 1.5 
2 » 1.85 
i 3.65 


I have intents attallod: although their great tacreaned 
heard them hi ex , althoug ir greatly i 
beet Seetwenll net make them a very desirable vessel 
economically ?—with the a of sho that a formula 
to be scientifically accurate should embrace the most extreme 


The coefficients of L pettormenss for the vessel of original 

being taken at 600 for midship section and 200 for dis- 

ent, if the coefficients for vessels of any of the above 

types, obtained by the present formulsz, were modified or 

corrected by the above ratios of power, then it could 

be allowed that the amended coefficients showed the actual 

rformance of each vessel in a more scientific, and there- 

ore accurate manner than at present, and their comparison 

with those of the vessel of original type would possess greater 
value.. 

Again, as it can be moos theoretically that in vessels 
of very shallow draught the increase in the ratio of dis- 
placement to area of midship section is one-fifth greater 
than the increase in the ratio of wet surface, whereas in 
vessels with draught equal half beam the two ratios 


ually ; this suggests the necessity for an additional fe J 


fication of the formula for the area of midship section, to 
allow for the deviation in the proportion of ught from 


the vessel of original type, and this modification would give 
still ter accuracy to the coefficient obtained. -The 
formula for the area of midship section also requires to be 
modified to suit the varying fullness of the fore and aft 
lines of different vessels. 

Farther, as marine engines are of such varying types at 
the present time, and consequently of different ues as 
regards efficiency, the effective horse power should in all 
cases be used as the divisor in the form i of the 
indicated horse power when calculatigg the coefficients to 
show correct results in accordance with the hey effi- 
ciency of the engines. It is for these reasons that, as I 
have stated, I am sceptical about the scientific value of the 
coefficients as now calculated, for it cannot be scientific 
to compare unlike things with the like ; and as I consider 
that theory should keep pace with practice, and that theory 
to be accurate should correspond with practice, consider- 
ing also the great changes that have taken place in the 

of vessels and in the types of engines, I am convinced 
that the modifications of the form I have proposeds 
indicate the true method to be adopted for bringing the 
theory of the subject nearer to the level of the present 
practice, and would greatly increase the value of the co- 
efficients for practical ee 

The last suggestion I desire to make is, that it would be 
a decided improvement to add the two coefficients together 
and take a mean of the two, thus leaving only one coeffi- 
cient for the purpose of comparison, call this the mean co- 
efficient, and having fixed on an average or normal co- 
efficient for each type of vessel with each type of engine, 
divide the mean coefficient for each vessel on trial by the 
average or normal coefficient ; the quotient would then be 
the true coefficient of performance of each vessel. 

The point I contend for in the foregoing may be stated 
thus: The type of engines being in all cases taken into 
consideration, then vessels that theoretically uire 
greater power should, with equal efficiency, show equal co- 
efficients of performance with vessels that theoretically 
require less power; otherwise the coefficients are of no 
scientific or practical value. 

I am, Sir, yours very obediently, 
Wm. Bury. 

5, New London-street, E.C., July 8, 1879. 





FOREIGN AND COLONIAL NOTES. 

South African Railways.—During April there were 
1288 men employed on the Beaufort West Extension Rail- 
way works, about half of whom were on contract work. 
The line is practically complete to Grootfontein station, 
128 miles below Worcester, with the exception of the 
bridges over the Buffels and Geelbeck rivers, and the ad- 
ditional work adjacent to Montagu-road station. The 
earthworks are completed for an aggregate | of 227 
miles beyond Worcester, and rails are linked in to 190} 
miles beyond Worcester. The line of telegraph is com- 
pleted to Beaufort West. With regard to the East London 
and Queen’s Town line, the chief resident engineer (Mr. 
A. E. Schmid) rts the line open for traffic for a di 
of 90 miles, including the 10 miles from Blaney Junction 
to King William’s Town. On the section from Toise river 
to Cathcart inconvenience has been experienced by 
the falling off of native labour, which a eoaven the earth- 
works progressing as rapidly as could be desired. The 
rolling stock has recently increased. Six locomotives, 
50 low-sided goods wagons, and 28 covered , cattle 
an vans were safely landed ex the ina (s.8.), and 
the erection of this stock is being proceeded with. During 
April 2547 men were employed on the works, of whom 
about 1500 were on contract work. The expenditure on 
construction during May was 19,5561. Bridges over the 
Thomas and Thorne rivers are making sati 
progress. 

Tramways at Sydney.—The construction of a tramway 
from Redfern to the chief business centre of Sydney and to 
the International Exhibition building has been commenced. 

Spanish Ironstone.—At the Bilbao ironstone mines, 
which probably during the last and present year have 
reached their maximum production, from to 4000 
miners, all Spaniards, are employed. They are paid about 
2s. 3d. per day, and are good workmen. The production 
11 1877 was $71,127 tons; in 1878, 1,255,255 tons; and 


| days since 





during first four months of 1879 it has amounted to 
The aoa Navy.—The Czarewitch attended a few 
e launch from the Baltic Works, St. Peters- 

burg, of a new seven-gun clipper named the Platoon. 


The Danube.— An agitation has been commenced at 
Vienna for the improvement of the Danube. Just above 
Vienna the sand is so high in the river bed that in some 
— op bye Be is but 28in. to 30in. 

Pp, 80 in weather not even passenger steamers 
from Linz can as far as Vienna. Ferthis reason navi- 
+— on the Upper Danube has sensibly fallen off during 

last ten years. 


Permanent Way on the Bombay, Baroda, and Central 


India Railway.—In the second half of 1878 the Bombay. 
Baroda, and tral India Railway Com expended 
9,7931. for materials used in its permanent way de; ent. 


The corresponding expenditure in the secon of 1877 


was 93341. 


Rolling Stock wpon the Northern of France Railway.— 
In the course of last year the Northern of F: Railway 
Company expended 169,629/. for eddjtional railing stock. 
The company’s stock of plant wasincreased:in consequence 
to the extent of 16 ~~ —s tenders, 31 first- 

ger carriages, 102 second-class passenger carriages, 

27 third-class passenger carriages, and 102 miscellaneous 

trucks. The aggregate rolling stoek.of the company was 

thus carried to 1127 engines, 3040 passenger carriages, and 
29,955 tracks. 


St., Petersburg a Seaport.—It.is stated that in conse- 
quence of the new German customs duties legislation, and 
of other circumstances, a project for the improvement of 
the Russian railways arid the Baltic ports will be speedily 
carried cut. St. Petersburg is to be made a seaport by 
means of a maritime canal, which will permit the la: 
vessels obliged now to stop at Cronstadt to take in and dis- 
charge oo commen AR eke erage oie a 
necessary to make St. the est seaport in 
the Baltic will be executed in eight years at a cost of 
8,000,000 roubles. The port of Libau is also to be enlarged 
and deepened. 


Locomotive Repairs on the Bombay, Baroda, and 
Central India Railway.—In the second half of 1878, the 
Bombay; Baroda, and Central India Railway Company 
expended 44421. for materials used in the maintenance and 
renewal of locomotives and machinery. The correspond- 
ing outlay in the second half of 1877 was 29301. 


SS a pamphlet on Cyprus, recently published 
by Count Folliot de Crenneville, the Austro-Hungarian 
vice-consul at Smyrna, the author represents Cyprus as a 
valuable acquisition to England. On the much-discussed 
question of harbours, he says that Larnaca, which is now 
an open , could be made into a spacious harbour at 
little expense, and more easily than any of the landing-places 
in Syria ; that Limasol, with a harbour which is now the 
deepest in the island, capable of holding ships of 200 tons 
burthen, might be converted without difficulty into an im- 
portant seaport ; and that if the barbour of Famagosta were 
repaired and the fortifications rebuilt, it would become a 
naval arsenal of the first class. As to the climate, he 
considers it, on the whole, healthy, although in the plains 
near the coast fever is prevalent after the rains and at the 
inning of hot weather. 


ge and Telegraphs at the Antipodes—At the 
close of 1877, the seven members of the Australian group of 
settlements had either open or in course of construction 
4699 miles of railways, while there were 36,965 miles:of 
electric telegraph either in actual operation or shortly to 
be so. In regard to railways, Victoria took the lead 
having a total of 1143 miles; New South Wales followed 
with miles ; South Australia had 732 miles ; Queens- 
land, 525 miles; and Western Australia, 93 miles only. 
New d, however, with its comparatively limited area, 
held in reality the first place, having no less than 1173 
miles of railway open or constructing. It was not the 
same, however, in regard to telegraphs, for while Victoria 
had 5200 miles of wire open, there were in New South 
Wales 9763 miles, and in New Zealand only 7530 miles. 


Steel Rails on the Northern of Spain Railway.— 
The Northern of Spain Railway Company is geocnsiia g 
vigorously with the replacement of iron rails by steel rails 
upon its system. The length of line thus dealt with by the 
company in 1878 was 43 miles on the main stem, 10 miles 
on the tander branch, and 49} miles on the Barcelona 
line. The Barcelona line is now nearly steel railed through- 


distance | out, but_a good deal has yet to be done upon the main 


stem and the Santander branch. The laying of steel rails 


has also been commenced this year upon the Bilbao line. 


Permanent Way on the Madrid, Saragossa, and 
Alicante.—In 1878 the Madrid, Saragossa, Alicante 
expended 64,912/. in the renewal of permanent way, as 
compared with 56,3061. expended under the same head in 
1877. The outlay made for 1877 comprised the renewal of 
55 miles with steel rails. 


South Australian Defences.—The erection of fortifica- 
tions at the Semaphore, Adelaide, South Australia, is pro- 
gressing slowly. Two batteries were projected, one to the 
north and her to the south of the jetty, but nothing is 
to be done for the present at the northern one, and the ex- 
tent to which the operations have —— at the 
southern, which stands about 4000 rom the jetty, 
leaves very much yet to be effected. All the material, 
with the exception of lime, for the completion of the work 
is now on the ground, and water pipes have also been 
carried down; but the only portion of the actual work at 
the battery completed is that the sandhills have re- 
moved and the escarp walls nearly finished. This es 
ment has a fron’ of 250ft., while the south side is 171 ft. 
long and the northern 176ft. The escarp wall is made of 





a and is 5ft. 6 in. at the base and 2ft. Gin. at the 


New South Welsh Coal.—In May, 1878, the ps of 
Newcastle, New South Wales, exported nearly 100,000 tons 
of coal, while during the- first of that year 
400,000 tons were shipped. For a e Australian 
coal has been regularly exchanged in for tea, while. 
the Japanese, who are anxious to an efficient iron- 
clad fleet, hanker greatly after this precious product of 
New Sonth Wales. 


Sandhurst.—An industrial exhibition was recently opened 
at Sandhurst by the Governor of Victoria. It waite great 
success both in the juvenile and adult departments. One 
of the exhibits was a gilded pyramid, 25 ft. high and 9 ft. 
square at the base, representing the total amount of gold 
raised in th or Sandhurst district up to the end of 
rie amount being 11,000,000 oz., representing ’ 


Gas at Madrid.—The sales of gas effected in 1878 by 
the Madrid Company for Lighting and Heating by Gas 
amo unted to 7,346,910 cubic metres, or more’ than 500,000 
cubic metres in excess of the sales of 1877. The net profits 
realised by the company in 1878 were 80,9231., or 13,4971. 


class | more than the corresponding net profits in 1877. 


Western Australian Railways.—Platelaying on the 
Geraldton and Northampton Railway has been completed. 
Mr. Barnfield (Robb and Co.’s representative) returns by 
the Otway to arrange for plant for the construction of the 
Fremantle and Guildford Railway. 


American Bridge Building.—The last ten years have 
witnessed the erection of structures of a magnitude which 
had not been attempted in the United States until then. 
Raritan drawbridge which turns on a central pier and has 
a total length of 472 ft., and the channel span of a new 
bridge over the Ohio at Cincinnati, 520 ft. long, both de- 
signed by Mr. Linville, and built by the Keystone Bridge 
pg ed 3; the Rock Island drawbridge, designed by Mr. 
Cc. 8 Smith, and weighing 750 tons; besides draw- 
bridges, all over 360 ft. long, on the Mississippi, and four 
other bridges across the Ohio with channel spans from 
300 ft. to 400 ft., are examples of the application of the 
more usual forms of construction of works of unusual size. 
The St. Louis Bridge with its three spans of steel-ribbed 
arches, each about 500ft. long, the stiffened suspension 
bridge at Pittsburgh, and the great steel wire suspension 
bridge at New York with a clear span of 1600ft., the 
cables of which are now in position, are prominent cases in 
which American engineers have thought best to depart 
from the usual forms of truss construction and to erect 
structures - yond designed to meet the peculiar require- 
ments of each case. 

Standard Car and Tender Axles.—The American Master 
Mechanics’ Association, at a recent meeting at Cincinnati, 


adopted by a large majority, the standard car axle, which 
was upon almost six years ago by the Master Car- 
Builders’ Association. This reform movement, now sup- 


rted by two important organisations, will soon, it is. 
hoped, do away with the great diversity of dimensions now 
in use. Mr. Forney, in a minority report, gave the follow- 
ing data: At present the practice is to build cars which 
—_ 20,000 Ib., and carry 30,000 lb. of load. Deductin 
5500 for the weight of the wheels and axles, there woul 
be a total weight of 34,500 lb. or a little over 5560 lb. on 
each journal. then the same margin of strength in the 
axles is assumed for the car of the present day which ruled 
twenty years sige the journals should have a breaking 
strength of by 14= 77,800lb. A 3fin. by 7in. 
journal would require 74,014 lb. to break it, so that it has 
somewhat less margin of safety than the 3}in. by 6in. 
journals had twenty years ago. In the old cars there was 
a square inch of surface to each 200 lb. of load, so that for 
a load of 5560 lb. there onght to be 27 square inches of 
surface. Mr. Forney was, t ore, of the opinion that 
for the loads which are now carried the Master Car- Builders’ 
peony ne journal (7 in. by 33in.) is rather too small than 


The Navisphere.—A new instrument which promises to’ 
be of good service in navigation, has recently been deseribed 
in the French Academy by M. Magnae. It is called tho 
navisphere, and its use is to indicate in a few seconde, 
without calcnlation being required, the names of the stars 
which are above the horizon ata given moment, to show 
their altitudes and azimuths, to determine approximately 
the proper angle of: course for going from one point to 
another by an arc of a great circle, and the distance be- 
tween these points. The instrament has two parts—the 
first consisting of a celestial sphere, having sta~s of the 
first and second magnitude marked upon it. Th*s sphere 
rests to a spherical — mae poet 7 can be eee in alt 
possible positions. e second receiving the spe 
name of metrosphere), comprises the system of the horizon, 
the meridian, and the vertical, represented by a , a 
semicircle, and a quarter of a circle of metal. The arc 
representing the meridian is fixed. at right angles to the 
(horizontal) circle of the horizon, joining the latter at zero 
and 180 deg. Its own zero is in the middle, and r nts 
the zenith, thence it is graduated to 90 deg: on either side. 
One end of the quarter circle, representing the vertical, 
turns about a fixed axis in the middle of the meridian; its 
end is adjusted to pass along the circle of the horizon. 
With this system, then, it is ible (1) to trace ares of a 
great circle on the sphere and measure their lengths ; (2), 
to measure the angles formed by two great circles. 

Victorian Rai s.—A railway from Warrenheip to 
Gordons was May 7 by the missioners of 
Customs. This railway is part of a direct line which will 
one day connect Ballarat with Melbourne. It starts from 
Warrenheip, on the G and Ballarat line, about four 
miles from Ballarat, and its is 13 miles, The contract 
price was 40,9011., or about l, per mile. 
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PROPORTIONATE OUTPUT OF IRON. 
Tus fluctuations in the northern iron trade are not so 
observable in the quantitive returns which are from time 
to time compiled by the accountant to the Board of 
Arbitration and Conciliation for the Manufactured Iron 
Trade of the North, as they are from the percentage 
statement which is appended to the quarterly returtis of 
that body. These fluctuations are continuing, and are 
likely to continue at an increased ratio; and it may be 
interesting, therefore, to attempt to show the nature of 
the change, not from the quantities, but from the less 
deceptive percentage statements, For though the quan- 
tities may vary greatly with the state of trade, if the 
rtion in any given branch to the whole be varied, 
i proves that that branch is affected by some special 
causes. We shall find in the North that there have been 
marked changes in the proportion of the various classes 
of finished iron made by the associated makers, and these 
changes point to the growth of some of the iron industries 
of the North, and to the decay of others—both compara- 
tively and in reality. Taking some of the returns of the 
Board, and giving only the proportionate statement for 
different periods, we shall be enabled to show how the 
several classes of manufactured iron have risen or fallen in 
the scale of comparative importance. Taking, first, the 
once important rail trade, we find that it rose rapidly, 
and that within the last four years it has sunk surely. 
In the middle of 1874, the rails made in the North of 
England by the firms associated in the Board of Arbitra- 
tion formed 52.45 cent. of the large total of manufac- 
tured iron then'sold. If wo take, illustrative quarters in the 
follo we shall see to what that proportion has 
fallen. us looked at, the rails made by the associated 
firms fell from 52.45 in 1874 to 49.91 in 1875; to 26.80 
in 1876; 10.47 in 1877; 5.86 in 1878; and now in 1879 
the most recent return shows that the proportion of the 
smaller whole is 2.28—a proportion, moreover, which is 
still falling, and which is in every way likely to be entirely 
swept away—at any rate for a time, 
Grouping the i branches of the trade together, 
we find that there is a general growth in the 
portion of the plates, angles, and bars manufactured 
by the associated firms, but in some measure the enlarged 
pro) is due to the declension in the manufacture of 
rails, which lessens the total, and thereby makes the other 
classes a m thereof. Taking the same 
quarters for the years given, we find that the fluctuations 
have been as follows: 





1874. 


per per 
cent. | cent. 


1875. | 1876. | 1877. | 1878. 1879. 


per | per 
cent. | 2, 
27.32 | 27.03 | 42.25 | 52.96 | 52.39 | 57.99 
12.96 | 17.15 | 19.42 | 19.88 | 23.35 | 18.25 
7.27 | 5.91 | 11.58 | 17.19 | 18.40 | 21.27 





per | per 
cent. | cent. 
Plates ... 
Bars ... 
Angles ... 








In the above Table it is to be seen at a glance that the 
plate manufacture has advanced from 27.32 per cent. until 
it more than takes the position of the rail trade by claim- 
ing nearly 58 per cent. of the whole manufacture of 
finished iron in the North of England. The progress of 
the bar trade has been more fluctuating, but from forming 
12.96 per cent. five years ago, it now forms 18.25 per cent., 
and this although last year one of the chief bar-making 
firms withdrew from the Board of Arbitration. The 
angle manufacture is exhibiting a continued increase, for 
whilst it gave in 1875 only 5.91 per cent. of the total, it 
at present gives 21.27 per cent. of the whole. Unques- 
tionably this change is very largely due to the develop- 
ment of iron shipbuilding in the north-eastern district, 
and the consequential demand for both plates and angles, 
But the local trades only furnish a portion of the demand 
—very quantities of both plates and angles being 
sent to other shipbuilding districts, whilst the bar trade 
especially is at the present time developing, and the 
quantity sent to the south. is increasing in very rapid 
ratio, although in large degree from one of the mills out- 
side the Board of Arbitration. 

It needs to be borne in mind that the rail trade as a 
whole has not sunk to the low ebb named, the figures 
given refer only to the iron rail trade, and though this 
has so rapiily and seriously fallen off in the Cleveland 
and north-eastern districts it is to the districts compen- 
sated in part by the growth of a steel rail manufacture 
to the extent of 100,000 tons yearly, the figures of which 
do not enter into the books of the Board of Arbitration. 
It is by no means unlikely that the change which has 
been known in the rail manufacture may be extended to 
others of the iron industries, and recent discoveries in 
Cleveland will in all probability help to precipitate the 
change, at least in the plate and angle manufacture. The 
Cleveland district has never taken the rank of some 
other districts as ucers of first-class iron, its special 
feature has been the utilisation of its own cheap ores, and 
it is to be expected now that these ores are available for 








the steel manufacture, that the attention of the producers 
of plates and angles ‘in the North will be turned to the 
output of the class of metal which will be chiefly in de- 
mand soon, in all probability. 





WATERLESS AusTRALIA.—Professor Tate has reported 
to the South Australian Commissioner of Crown Lands upon 
the applicability of the artesian principle for securing a 
supply of water for the country round the Great Australian 
Bight. Professor Tate o : ** Respecting the north- 
east section of the plateau, I am of opinion that there a 

no ap nces favourable to the application of the artesian 
principle for securing a supply of water. The area of the 
watershed country is very limited, the rainfall very small, 
and because of the irregularity of the underlying funda- 
mental rocks which here and there rise in hummocks to the 


; termination, I am not justified in 
assuming that its strata curve upwards on the flanks of an 
extensive watershed country, and that beneath those 
visible on the coast there are other beds which conduct 
water from the hi levels to below the basement beds 

i i ut taking into consideration their 
the manner a they end - 
— geo character 0 
itude of Ooldea Water, I am of opinion 
obtain water on the artesian principle will 
is di intment of our h iti 
y avery small area of the country 
progress, as with the exception of 
a strip of country on the line of the telegraph of about 
ih and about 15 miles in breadth, or about 
ware miles, it is almost devoid of vegetation, and 
of irrigation from its flatness, absence of soil, 
— nature of the rock (No. 2 of the 
i which outcrops over the whole sterile por- 
tion of the district. The mal depau 
vegetation in a northerly direction from the tel 
is most marked, and evidences a very partia 
successive seasons of drought. Passing to the east of 
Yalata, well water is obtained in the sands and gravels 
ing on the metamorphic rocks, but along the coast, 
ing from the head of the Bight to Streaky Bay an 
thence eastward, the well water is obtained in loose or 
consolidated blown sand at about high-water mark. A 
very remarkable feature of the whole seaboard of the 
western country is the vast extent of blown sand, for the 
most part consolidated into a sand rock and covered 
crust of travertine.” ‘= 
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GAS WASHERS AND SCRUBBERS. 
No. II. 
By R. H. Partrerson. 


James Warr doubled the power of the steam- 
engine by condensing the steam in a separate vessel. 
He saw that to employ the expansion and motive 


force of the steam in the same vessel wherein the 





ANDERSON’S GAS WASHER AND SCRUBBER. 


OUTLET 
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opposite work of condensing the steam was carried 
on, was & t mistake; and so he conducted 
these conflicting operations in separate vessels. 
And according to the remarkable paper read some 
time ago by Mr. Scott Russell, at omen, the fur- 
ther progress in developing the power of the steam- 
engine is to be sought for on exactly the same 
principle—namely, by perfecting each part of the 
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obstructive operations be not carried on in the same 
vessel or portion of the apparatus. This same doc- 
trine is what I have endeavoured, for several years 
past, to inculcate in gas-purification. It is not only 
the basis of my processes of sulphur-purification 
which, besides removing the previously unextract- 
able sulphur, possess many other concomitant 
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advantages; but I have inculcated it with respect to 
every branch of gas-purification. It is the ‘‘ divi- 
sion of labour” that has perfected or vastly increased 
the working-power of man: and it isin the division 
of apparatus and processes—the perfecting of each 
for its special purpose—that the path of progress 
lies in all kinds of machinery and in all processes of 
manufacturing industry. 

As regards the branch of gas-purification with 
which we are now dealing—namely, the indispensable 
and also highly remunerative work of extracting 
the ammonia — the age object to be kept in view is 
to apply water to the gas in the most efficient man- 
ner possible ; and accordingly that form of apparatus 
isthe best which accomplishes this particular object 
in the simplest and, cheapest manner. 

The inventors of all of such new kinds of appa- 
ratus choose to style them ‘‘ washer-scrubbers ;” 
apparently with the desire to represent them as 
combining the merits (they forget the defects) of the 
scrubber as well as the washer. Yet in all of these 
new vessels, except Anderson’s, ‘‘scrubbing” (friction 
or the action of rough surfaces upon the gas) has 
no place. But it is needless to be critical over 
the nomenclature so employed; indeed, as the 
scrubber (as we showed from its history) has greatly 
changed in its character, and in the purpose for 
which it is employed, both apparatus and names 
have, in Yankee phrase, become ‘‘a good deal 
mixed” in this branch of gas-purification. How- 
ever, the fact is that it is “‘ washing” alone that is 
requisite in ammonia-purification, and which is em- 
ployed in these new vessels. And this, it seems, 
was the special point of Mr. Anderson’s exhortation 
to the Gas Managers’ Association in 1874, when he 
called attention to the fundamental defect of the 
scrubbers hitherto in use—namely, that they are 
filled and mainly occupied by materials (coke or 
bricks) which are wholly inert, and per se useless for 
the absorption of ammonia. 

The object of all gas-managers now is to extract 
the whole of the tar before the gas leaves the 
condensers, which vessels are being improved by 
various devices for the attainment of this object ; 
and although some portion of the tarry vapour does 
still pass forward into the washers or scrubbers even 
in the best-managed gasworks, the quantity is in 
such works socomparatively small as hardly to require 
the employment of any special means for its removal, 
such as ‘‘ scrubbing,” in the —— for the am- 
monia-purification, (We need hardly say that we 
are here treating only of first-class gasworks ; for in 
small gasworks to this day, and almost of necessity, 
the work of purification is as defective, and the 
apparatus as rudimentary as it was in the larger gas- 
works fifty years ago). 

In describing the newly-invented apparatus for 
purifying coal-gas from ammonia, and for extracting 
this impurity as a valuable article of commerce, we 
shall give the first place to Mr. Anderson’s—the 
earliest in point of date, and which also is already 
in practical operation in several gasworks. The 
structure of the apparatus is shown in the engray- 
ings upon the preceding page. 

The main feature of the Anderson Washer—or, as 
he terms it, a ‘‘combined washer and brash-scrubber” 
—is a brush- wheel revolving in water in the oppo- 
site direction to the gas-stream; and as there are 
several compartments of this kind, one above an- 
other (varying in size and number with the quantity 
of gas to be purified), this apparatus includes the 
best feature of the tower-scrubber—viz., the gas 

asses upwards through purer water, or weaker 
iquor, till it reaches the uppermost compartment 
where the pure water enters. 

The interior of each compartment is fitted with an 
axis from which projects a brush, made of whalebone 
or any suitable material. Mr. Anderson prefers to use 
the reedy material commonly employed in brooms for 
sweeping stables,—having been led to adopt this 
material from noticing its good qualities when used 
by his gardener in the stable-yard. There can hardly 
be a better, certainly not a cheaper material, inas- 
much as, besides its suppleness and durability, each 
stem keeps its position well, and does not get into a 
mass—an important quality, since the perviousness 
of the brush is requisite for the efficient distribution, 
or application of the purifying action of the water. 
At each revolution, the brush dips into the water 
(which occupies the lower portion of the compart- 
ment) and comes out dripping; so that the gas is 
brought in contact, not only with the wet surface 
of the brush, but also with the drops of the drip- 
ping water. ‘The semicircular top of each compart- 
ment forms the bottom of the one above. The revolu- 





tion of the brush-wheels is effected by a rod, worked 
by steam, carried down one end of the machine. 

At the bottom of the apparatus, and before the 
gas ascends into those brush-wheel compartments, 
there is a simple washer, which isso placed and em- 
ployed for the purpose of cleansing the gas from 
the finer tarry particles which usually escape from 
the condensers—whereby the brush-wheels are kept 
clean and unclogged. This washer at the bottom 
of the apparatus is one which Mr. Anderson devised 
many years ago, when he first began to give at- 
tention to the defects of the old kinds of washer, 
with the view of improving its structure, so as to 
bring the simple employment of water into use again 
in preference to the wet scrubber, which for so 
many years had been the favourite and also superior 
apparatus. It consists of a trough of water into 
which a series of serrated plates dip at intervals of 
about a foot; and if the gas really passed up and 
down (out of and into the water) between each of 
these serrated-edged plates, this kind of washer 
would be a remarkably good one. It is doubtful, 
however, if the gas will act so obligingly, it will pro- 
bably take its course through the vessel on the prin- 
ciple of least resistance—the pressure of the gas 
‘“‘unsealing” a good many of the plates with a single 
rush. Nevertheless, this early-devised washer of Mr. 
Anderson’s is found in practice to be tolerably 
efficient ; and, placed as it is here, it is perfectly 
adequate for its purpose of condensing and washing 
out the finer particles of the tar, so as to keep the 
brush-wheels in the upper portion or main body of 
the apparatus unclogged. ‘The pressure required for 
working this bottom part of the apparatus is de- 
cidedly a disadvantage ; but it is not an essential 
part of the apparatus, and only the brush-wheels 
ought to be employed when the condensing appa- 
ratus is sufficient. 

In his original draft of this apparatus, Mr. Ander- 
son designed it horizontally—the flow of water con- 
tinuously through all parts of it being effected by 
placing each compartment on a slightly higher level 
than the subsequent one. But the vertical arrange- 
ment of the compartments, adopted in his perfected 
invention, is manifestly much bettere—specially as 
saving space, which is so important a consideration 
in all urban gasworks. Moreover, any increase in 
the gas-make (and the gas-make is always increas- 
ing) can be readily and simply met by adding one or 
more compartments at the top of the apparatus. 
In fact, Anderson’s Washer offers perfect facilities 
for a great increase of size, and for every refinement 
of ammonia-purification that can be desirable in gas- 
works. 

On the very face of it, this new apparatus of Mr. 
Anderson’s is a remarkably good one in every re- 
spect. In the first place, it has the merit of great 
simplicity ; it can hardly get out of order, and 
is easily taken to pieces should the brushes need 
cleaning; while the apparatus itself is readily capable 
of extension in size, by the mere process of addition. 
Secondly, it brings the gas into contact with water, 
far better than any of the old kinds of ‘ washers,” 
or even of the best kind of tower-scrubbers,—i.c., 
the purifying action of the water is greater 
within the same space ; and thirdly, as a consequence 
of this, the cost of the apparatus, relative to the 
amount of work done, is less than that of the 
tower-scrubber. Finally, as regards its power of 
extracting the last few grains of ammonia (which is 
absolutely impossible with any previous form of the 
‘‘washer”) this new apparatus rivals the tower- 
scrubber in this, that the gas.is passed through pure 
water last of all, in the uppermost compartment, The 
degree of purity of the water in the uppermost com- 
partment, of course, will depend entirely upon the 
size of the apparatus and the quantity of gas passed 
through it. The tower-scrubber itself cannot con- 
tain pure water even at the top of it, when the 
quantity of gas passed through it is greater than the 
scrubber is capable of purifying from ammonia. 
The best apparatus in the world will not of itself 
insure a proper purification of the gas, What is 
indispensable is to manage the operations as Mr. 
Mann did with his tower-scrubbers: namely, to ad- 
just the quantity of the gas to the purifying capacity 
of the apparatus, so that the whole of the ammonia 
be extracted before the gas reaches the top part of 
each vessel, where the pure water enters. 

The Anderson Washer is suitable for gasworks of 
every size, and not least so for the smaller class 
of works, owing to its perfect simplicity and also 
cheapness of construction. It is only in the London 
gasworks, and a few others of first-class magnitude, 
that it is necessary to thoroughly purify the gas from 











ammonia; and for these works this washer has been 
found to be very efficient. Where the gas must 
be purified even from the last grains of am- 
monia, the top compartment ought to be treated 
somewhat like a “‘ reserve purifier:” that is to say, 
the should be passed through the apparatus 
only in such quantity as can usually be purified from 
the ammonia before entering the top compartment, 
in order that the water in this uppermost compart- 
ment may be so pure as to insure that no ammonia 
goes forward from the apparatus in the gas; for it 
must be borne in mind that ammonia is so volatile 
an impurity that if gas be washed with ammoniacal 
water (however w the “liquor” may be) it is 
impossible to prevent some portion of the impurity 
from remaining in, or even being returned into, the 
gas. Were it desirable in any case (and such cases 
must be extremely few) to increase the delicacy of 
action of this washer without increasing its size, this 
might readily be done by substituting for the top 
compartment two compartments of half the height 
(each fitted with a brush-wheel of half the dia- 
meter of those employed in the other compartments), 
whereby the important point of bringing the gas 
into contact with pure water last of all, could be 
more readily insured. 

One of the first places where this washer was 
erected was the St. Alban’s Gas Works; and in the 
published report, dated April 27, 1877, which the 
engineer of those works (Mr. A. F. Phillips) made 
on the new apparatus, and in which he speaks of it 
in the most favourable terms, the two points most 
worthy of notice are (1) that “the brushes cause 
no appreciable increase of back-pressure ;” and (2) 
that the apparatus ‘‘performs its work more effi- 
ciently than the tower-scrubber I have, while only 
about half the height, and not one-fourth its weight 
or capacity,”’—in other words, the ammonia-purifi- 
cation was better done in about one-fourth of the 
space and size of apparatus. 

The thorough efliciency of this new washer (or 
‘‘ combined washer and scrubber”) was demonstrated 
some eighteen months ago at the Vauxhall works 
of the Phoenix Company, where, thanks to the 
friendly courtesy of Mr. Woodall, I had an 
opportunity to see this new apparatus at work, 
and to ascertain what it actually does. The appa- 
ratus, as erected at Vauxhall, consists, besides 
the trough or tar-washer at the bottom, of five 
tiers or compartments, each containing a brush- 
wheel 4 ft. in diameter, and 10 ft. in length; so 
that the size is about 22 ft. in height, 4 ft. in depth, 
and 10 ft.in breadth. The quantity of gas passed 
through it was about 35,000 ft. per hour, and the 
quantity of water was 18 gallons per ton of coal. 
The purifying power of the vessel may be shown, 
in the first place, by the state of the water or 
liquor in the several compartments. The following 
is a statement of the ammoniacal strength of the 
liquor in those compartments which were really 
at work—‘10 ounce” liquor being liquor which 
requires 10 ounces of sulphuric acid to neutralise the 
ammonia contained in a gallon of it: 

Bottom trough, or tar-washer 10-0z. liquor. 
First brush-wheel compartment .. 8 ,, 


Second ditto “2 ” P 
‘ onlya trace o! 

Third ditto eee eee ° ammonia. 

Fourth ditto Clean water. 


Fifth ditto * oes ove 99 

Manifestly the eg was underworked, so that 
a larger quantity of gas might have been passed 
through it, 

One of the testings made at Waterford appears 
to show the full power of the Ste, and is, 
therefore, worth giving. The following Table 
shows the strength of the liquor in each compart- 
ment, the quantity of water through the 
washer being 11 gallons per fon of coal carbonised : 


Strength of 
liquor. 
oz. 
Bottom trough _... _ ee bee 16 
First brush-wheel compartment... bee 14 
Second po po - ete 5.4 
Third pai pa ine eal 2.2 
Fourth ‘i - por on 0.4 
Fifth és 9 pure water 


It is almost needless to add that 15 oz. or 16 oz. 
of liquor is more than enough, when mixed with the 
weak liquor from the condensers, to make the whole 
ammoniacal liquor eo oe on the works up to 
10 oz. strength, which is the highest strength desir- 
able. 

We may add that Mr. Anderson in some 
cases makes a slight alteration in the mode of work- 
ing his brush-wheels—namely by making the top 
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prush-wheel to revolve along with the course of the 
instead of contrary to it, as is the case in the 
compartments. The object of this modification 
of the apparatus is to guard against the pressure of 
the gas forcing some of the water into the outlet- 
pipe for the gas, which is about 2 in. higher 
than the inlet-pipe on the opposite side of the 
compartment; but by making the brush revolve 
along with the gas-stream, the pressure of the 
gas on the water can be reduced to the desired 
point. A similar gas-pressure upon the water, 
of course, exists in all of the compartments; but 
in each of the lower compartments any water 
thus forced into the ascending outlet-pipe for the 
gas simply falls back again into the compartment. 








CANADIAN RAILWAYS.—No. XXI. 
Granp TRUNK Raitway or CANADA.—V. 

Tue River St. Lawrence issues from the foot of 
Lake Ontario, a broad estuary six or seven miles 
wide between the American and Canadian shores, 
broken up into several channels by a number of 
islands, of which three are large enough to form 
separate electoral districts. On the Canadian side, 
flowing imperceptibly from the north, is a large 
stream now called the Cataraqui, which was the old 
Indian name of the St. Lawrence, though now 
assigned to its tributary. The Cataraqui takes its 
rise from a lake to the eastward about half-way 
between the Ottawa River and Lake Ontario, and 
not more than a mile from the air line connecting 
the mouths of the Rideau and Cataraqui rivers, the 
former of which flowing from an adjoining lake falls 
into the Ottawa River at the capital. By short 
artificial channels, protected by dams and locks, 
the Rideau Canal has been formed principally out 
of the slackwater navigation of these two rivers 
connecting Lake Ontario with the Ottawa River, 
and down this to Montreal forming a duplicate 
canal system, and in time of war a more secure one 
than the larger and more expensive line by the St. 
Lawrence, most of the works of which are close to 
the international frontier. The Cataraqui at its mouth 
forms a noble bay, a fitting terminus for this inland 
navigation, and perfectly protected from the heavy 
seas of Lake Ontario by Wolfe, Amherst, and Garden 
Islands, by which it is almost land-locked. At the 
north-west corner of this same natural harbour, a 
fine sheet of water comes in called the Bay of 
Quinté, 50 miles long, and 8 to 10 miles wide. At 
the junction of the Bay of Quinté and the Cataraqui 
with the waters of Lake Ontario, and commanding 
the most important channel by which all three 
sources feed the St. Lawrence, Count. Frontenac, 
the most able of the commandants of New France, 
built the powerful fortress which for a century bore 
his name, as the county which embraces this district 
still does. Fort Frontenac had for years a stirring 
history of its own, and in the constant wars between 
the French and their Indian allies on one side against 
the Five Nations, aided subsequently by the English, 
who held the fort on the opposite mainland, this 
place was the scene of many a cruel reprisal by the 
bloodthirsty Iroquois upon their pale- faced 
aggressors. Excepting Quebec and Montreal, the 
French had for years a very uncertain footing in 
the country, and with the St. Lawrence in the hands 
of hostile Indians, the situation of. this ‘ distant 
fortress was oftentimes extremely hazardous. When 
Canada became British, the « fortress’ gradually 
formed the nucleus of a trading village, ‘but its 
progress was slow until in the war of 1812 it was 
thoroughly fortified, and became the principal naval 
and military head-quarters upon the lakes, and after 
Quebec and Halifax the next in importance in British 
North America. 

In 1817 Kingston, by whichnameit wasnow known, 
contained 2250: people, in 1838 it was incorporated, 
and in 1841 ht the Government of Lord Met- 
calfe, it was here that the first legislature of the 
united provinces of Upper and Lower Canada was 
summoned to meet, ‘the subsequent transference 
of the capital to Montreal was a great blow to its 
sy ay and the removal of the British troops 

been a more recent drawback. 

The Grand Trunk which passes to the rear of the 
city has a branch line two miles long to the water 
side, this being one of their most important stations, 
and a changing place for the locomotives, being 
about half-way between Toronto and Montreal. A 
railway is now under conetruction from here to the 
Upper Ottawa, striking the river at Pembroke 
100 miles above the capital, which will no doubt on 
its completion add largely to the business and 


rospects of the city. To this railway the city of 
Kingston voted the liberal bonus of 300,000 dols., 
and the county of Frontenac gave an additional 
150,000 dols., which for a road 90 miles long is esti- 
mated to be about one-third of its cost. In addition 
to this the road is further subsidised hy the Ontario 
Government, and additional bonuses are expected 
from one or two of the townships on the route. The 
Kingstonand Pembroke have already 61 miles of their 
road complete and running, and are now grading the 
remainder. The country through which it passes is not 
a good agricultural district, but it is a promising 
mineral region. Some excellent seams of silver ore 
have been found, and are now being worked ; iron ore 
abounds, and near the line some excellent deposits 
of apatite are being extensively opened out. Con- 
structed as this road will be principally by bonuses 
from different municipalities, free from interest 
obligations, the capital account need not be at all 
heavy, and a moderate traffic economically worked 
will suffice to support the railway, until the district 
through which it runs can be opened up andits 
resources developed. As its local business becomes 
greater, improvements and additions may be made 
to the road and rolling stock, and with care and 
management there seems no reason why these 
country and colonisation roads should not be self- 
sustaining and indirectly remunerative. 

Kingston has by far the largest of the five peni- 
tentiaries of Canada, having, in January, 1877, no 
less than 703 convicts, out of a total of 1048, in 
confinement altogether throughout the Dominion. 
In all these penitentiaries the system is adopted of 
applying the convict labour to profitable employ- 
ment, and with this deduction, the expense of their 
maintenance is by no means excessive; the total 
outlay at Kingston, in 1876, showed an expenditure 
of 106,599 dols., whilst the value of the work done 
was 100,577 dols., a large proportion of which was, 
however, upon the works of the penitentiary itself. 
Kingston has besides the honour of having at pre- 
sent the only regular locomotive works in Canada, 
and has turned out a large number of engines work- 
ing on most of the provincial railways, A number 
of locomotives have been built at other places in the 
Dominion—Halifax, St. John, Montreal, ‘Toronto, 
and Hamilton, have all contributed more or less to 
the rolling stock of the railways, but Kingston is 
the only place where the work has been made a 
specialty, whilst nearly 90 per cent. of the number 
running have been imported from the American 
workshops. A large locomotive works is one of 
the desiderata of the Dominion, and if properly laid 
out, and with adequate capital, should prove an ex- 
cellent investment. Canada requires at least 100 
new locomotives a year, and with a protecting duty 
of 17} per cent. against foreign importations this 
should be a profitable speculation. 

At Belleville, 220 miles from Montreal, a railway 
called the Grand Junction was originally intended 
to have branched off from the Grand Trunk, and 
the construction of the first section of it, 90 miles 
long to Peterborough, was included in the contract 
with Messrs, Peto and Betts. This road was ex- 
pected to have been extended beyond Peterborough, 
60 miles or 70 miles, to a harbour on Lake Huron, 
and had it been completed according to this original 
design, would have been by far the cheapest and 
best communication to Chicago, Milwaukie, and the 
whole of the wheat-growing district of the West. 
When the financial difficulties of the main line be- 
came serious, the construction of this dranch railway 
was dropped, ‘and it remained in abeyance for years. 
About 1872 it was revived again, the route was 
altered to take in one or two places north of Belle- 
ville, and the works were commenced, aided by 
municipal subscriptions voted by the townships. 
The contractors, however, failed before any portion 
of the line was completed for traffic, and the works 
remain in the same condition in which they were 
then left. It always seemed a mistake in the Grand 
Trunk policy the non-completion of this line as 
originally intended. The same money unnecessarily 
expended in a duplicate line between Toronto and 
Sarnia would have completed this very much better 
located, and much more desirable railway, by 
which every advantage gained by the Sarnia 
line would have been secured to the Grand Trunk, 
and a number of other objects gained in addition 
that the line now made can never realise. The 
Great Western have at least as good a connexion 
between Toronto and the Michigan railways as the 
Grand Trunk, a second line therefore between these 
was unnecessary, has involved the two companies in 





an unseemly competition and hostility, and probably 








been the fruitful source of the misfortunes of both, 
Few of the pecting who have had the framing of the 
Grand Trunk policy seem to have appreciated the 
importance and extent of a communication with 
these inland seas, the connexion of which with the 
ocean should have been, it would be imagined, the 
main object of a Canadian trunk railway. Lake 
Huron is 1000 miles round, 1000 ft. deep, and with 
the other lakes and bays connected with it, and on 
the same level, the largest body of fresh water on;the 
face of the globe. To the west, and geographically 
separated only by two headlands, with five miles of 
almost fathomless water between them, is Lake 
Michigan, nearly as large, whilst Green Bay, Georgian 
Bay, and other expansions, give a coast line of over 
2000 miles, settled by four millions of people, all of 
whom could be served and their trade secured by 
the construction of this short line from Belleville 
to the north-west. Although at present in abeyance 
this important line will ultimately be completed, as 
large — subscriptions that have been voted 
to it are still unexpended; too much money has 
already been appropriated to allow it to remain much 
longer as at present, and when finished in all pro- 
bability another inimical interest will have been 
created, and still further complications and competi- 
tions will have been evoked. 

At Cobourg, 44 miles further, the Cobourg and 
Peterborough Railway crosses the Grand Trunk on 
its way from the interior to Lake Ontario. The 
road has gone through every possible financial diffi- 
culty and disgrace, and since the failure of the 
bridge across Rice Lake, only 15 miles to that point 
of its main line have been working. The rails ori- 
ginally laid on the northern portion between Peter- 
borough and Rice Lake were taken up to connect 
some iron mines with the navigation of this lake, 
and the main business of the road has since been the 
transportation of this ore to Cobourg on its way to 
Pittsburgh, in the United States, where it is smelted. 
At Port Hope, seven miles from Cobourg, the Mid- 
land Railway passes underneath the Grand Trunk, 
the latter crossing the broad valley that contains 
the business part of the town by along iron viaduct, 
This road, like the Cobourg line, carries its traffic 
from the interior to the harbour on the Lake Shore, 
and contributes but very little to the business of the 
Grand Trunk, At Whitby, 33 miles further, an- 
other railway crosses the main line from this same 
prolific northern district now working from Lindsay, 
45 miles, at which point it joins the Midland run- 
ning to Port Hope and the Victoria Railway to 
Haliburton. Whitby is 30 miles from Toronto, and 
although destitute of what the Americans consider 
a necessity for a town, that is a good water power, 
is a place of considerable business, Its commence- 
ment may be dated from the period of the construc- 
tion of a harbour here on e Ontario by the 
Government, intended to be the shipping place of 
the produce of Lake Scugog, with which it was con- 
nected by a plank road, which together with the 
harbour cost the province 39,000/., and which they 
subsequently sold to a private company for less 
than half that sum, and thisin turn has now been 
superseded by this Whitby and Port Perry Railway 
which forms a still better connexion between lakes 
Ontario and Scugog. Plank roads, though not so 
common now as a few years since, were in their day 
a vast improvement over the early country roads, 
especially for heavy vehicles, They are in fact a 
compromise between a road and a railway, and 
across the rich alluvial soil of Upper Canada, where 
good road material is somewhat difficult to obtain, 
they were cheaper than a macadamised road, and in 
some respects better. They are made by laying 
down three parallel sleepers, about 7 in. deep, 
roughly flatted with the axe on their upper sides, 
one in the centre of the intended road, the others 
5 ft. on each side, on which are laid and treenailed 
3 in. planks, generally 12 ft. long and laid diagonally 
along the road, making a planked breudth of about 
10 ft. wide. The sides of the road are then widened 
out another 6 ft. or 7 ft., principally from the material 
thrown out from the ditches, making a roadway 
22 ft. or 24 ft. in breadth, wide enough for meeting 
teams to turn out of each other’s way, or to cross 
one another, whilst the saw-sha edge of the 
planking, from being left square and placed diago- 
nally, assists the wheels of the vehicles to get back 
on to the planks, if from any cause they are turned 
out of their course. These roads are easily made, 
require about ]70,000 superficial feet, reduced to 
lin, thick for measurement, of pine lumber, and 
can be completed for about 350/. sterling per mile. 
The whole distance from Cobourg to Toronto is 
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THE CALLAO, LIMA, AND OROYA RAILWAY. 


(For Description, see Page 48.) 
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PLAN AND SECTION OF RAILWAY. 











EL INFERNILLO AND BRIDGE; BETWEEN TUNNELS 31 anp 32. ANCHI VIADUCT; RIO RIMAC. TUNNEL 35. 


exceedingly rich in its agricultural resources, and | it for 30 or 40 miles back. No part of America| an annual production of over 4,000,000 bushels of 

towns exist not only along the shores of | shows a more material pro; than this during the | wheat, and 7,500,000 bushels of oats and barley. 

) ke Ontario, where they scarcely average seven | last twenty years in population, manufactures, and | Manufactures of all descriptions have sprung up 12 
miles apart, but in every direction to the north of | exports. In the census of 1871 this district reported | addition, and at Oshawa, four miles from Whitby, 
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THE CALLAO, LIMA, AND OROYA RAILWAY. 
(For Description, see next Page.) 























STANDARD TYPE OF TUNNEL ENTRANCE. 








THE PARAC VALLEY; TUNNELS 22 AND 23. 


is a large works for the production of agricultural ; crossed by the Grand Trunk. It runs parallel to | the most important town in Upper Canada, is 

implements second to none in America. | and further north than the Whitby Railway, and | admirably situated on a great natural bay of Lake 

At Scarborough, nine miles from Toronto, a | crosses the Midland at Woodville, 63 miles from | Ontario. A very narrow peninsula, stretching from 

7 narrow gauge 3 ft. 6 in. railway comes into the main | Toronto, forming with it a loop line from Toronto | the western extremity of the township of Scar- 
; ie, and goes forward along it to the capital, | to Port Hope. The Nipissing Railway has its own | borough in an oblique direction for about six miles, 
utilising one rail of the Grand Trunk, with a third station at the east end of Toronto, where its rails | terminates nearly opposite the city in a curved head- 
: rail laid in between the others to suit the narrower | leave the Grand Trunk to enter and diverge in their | land called Gibraltar Point, enclosing a nearly 
gauge. This railway, the Toronto and Nipissing, | own station ground. circular sheet of water a mile anda half in diameter, 

comes from the same northern district as the others, | The city of Toronto, the capital of Ontario, and | perfectly protected from all the prevailing winds of 
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the lake, and affording an excellent anchorage for 
vessels, either to do their, loading and discharging, 
or to lay up for the winter. This singular peninsula, 
which, till within the last few years, was a perfect 
breakwater, is so narrow that in places it is not over 
60 yards wide, although near its extremity it is a 
mile across. It is intersected by large ponds, the 
resort of an immense quantity of wild fowl, and so 
low that the broad expanse of Lake Ontario is seen 
over it, with its numerous steamboats and approach- 
ing vessels. The River Don, the eastern boundary 
of the city, flows through a number of marshy 
openings in the low land to the east of the harbour, 
and since 1840 has gradually eaten a passage through 
the tongue of land which was formerly continuous 
from Scarborough to Gibraltar Point, giving now 
an entrance to Toronto Bay from the eastward, and 
converting the former peninsula into: an island. 
The heavy seas of Lake Ontario have deepened this 
breach, and rather interfered with the completeness 
of its character as a breakwater; but the is 
so far beneficial, that whilst the muddy detritus 
brought down by the Don was gradually filling up 
the harbour before this breach was- effected, it is 
now being deposited in the deep water of ‘Lake 
Ontario, where its influence will not be.injurious for 
ages. 

er oronto Bay was first surveyed in 1793. It was 
then surrounded by an uneut forest, and the 
beautiful basin reposed undisturbed, excepting by 
the thousands of wild ducks that had established 
themselves at the muddy mouth of the Don, and in 
the marshy ponds of Gibraltar Point. Two wigwams 
of the wandering M Indians alone repre- 
sented the human inhabitants of a vast area in view 
from the broad bosom of thelake. General Simcoe, 
the then lieutenant-governor, fixed upon this as 
the site of the future provincial capital. Next year 
his excellency removed here a regiment of the 
Queen's Rangers, and himself erected and lived here 
in a canvas house, which had formerly belonged 
to the great circumnavigator, Captain Cook, and 
which he bought and imported for the purpose, 
In the space of six years York became quite a re- 
spectable place, although always known as “ Little 
York,” and more frequently as ‘ Muddy Little 
York,” a title which, according to accounts, it well 
deserved, and which stuck to it for years. In1$13 
the town was taken by the Americans, the Govern- 
ment House and public offices were burnt, the in- 
habitants driven off, and it had to commence anew, 
although clearings had been made to a considerable 
distance on both sides, and some material progress 
had taken place in the construction of roads and 
wharves. In 1832 it contained, however, only 4000 
inhabitants, and was still ‘‘ Muddy Little York,” 
with a bad character for constant fever and ague, 
the undesirable result of the swamps that surrounded 
it. In fact there was excellent duck-shooting at 
that time where the cathedral now stands... It must 
have taken a start, however, soon after this, for in 
1842 it contained 15,536 inhabitants, having nearly 
quadrupled in 10 years. In 1850it had 25,166, and 
in 1871, 56,092. In 1834 Toronto was incorporated 
and York became the name of the township only. 
The population of this district, which in 1840 con- 
tained under 20,000 people, had risen in 1871 to 
nearly 150,000. Since confederation Toronto has 
been the capital of Ontario, formerly known as 
Upper Canada, and here the governor resides and 
the provincial parliaments are held. Itis growing 
in size and wealth very rapidly, and the population 
of the city alone at the present time cannot be less 
than 70,000 inhabitants. 

The whole distance from Kingston to Toronto 
sketched in this paper, altogether 161 miles, is along- 
side the navigable waters of Lake Ontario or the 
Bay of Quinté, and the company have not a station 
or stopping place that is not equally accessible to 
schooners or steamers, In fact from Toronto, which 
represents the centre of gravity and point of 
accumulation of the great exports of the agricultural 
regions of Canada to Quebec on the seaboard over 
500 miles, the Grand Trunk is side by side with a 
navigation that is unsurpassed for its cheapness and 
efficiency. Besides the numerous freight steamers 
belonging to half a dozen large companies, the 
Richelieu and Ontario Company run a daily line of 
twenty first-class paddle steamers, with every pas- 
senger accommodation, from Hamilton and Toronto 
to Montreal and Quebec, with branch steamers to 
every important point. They run this distance, 
550 miles, down in about 48 hours; but the journey 
is so much more agreeable that few tourists or 
travellers, to whom an hour or two extra is not an 








object, will take the railway in preference to the 
boats, The grand sail over the broad blue Ontario, 
or the placid bosom of the St. Lawrence, the 
glorious panorama of the Thousand Islands, or the 
excitement of the St. Lawrence Rapids ; the better 
sleeping and eating arrangements; the ample room 
for walking, talking, or reading, and the magni- 
ficent saloons, especially of the night boats be- 
tween Quebec and Montreal, afford comforts and 
conveniences that no railway can offer in exchange. 
The boats are of steel with the lower portion covered 
with hard wood planks for safety in the rapids, the 
appointments throughout are perfection, and the 
company keep on the boats, in the interesting 
portion of the river which is passed by daylight, a 
guide to explain to passengers the principal objects 
of attraction along the route. With such rivalry 
as this the wonder is not that the Grand Trunk 
is a non-paying property, but that it can maintain 
itself at all with such a tremendous competition 
against it. 
CALLAO, LIMA, AND OROYA RAILWAY. 
We publish on the two preceding pages illustrations of 
the works and scenery upon the Callao, Lima, and Oroya 
Railway. Pressure on our space prevents us from publish- 
ing the article referring to them, which we shall, there- 
fore, postpone until the publication of future tracings. 











MEAT TRANSPORT BY RAIL. 
To THe EpiTror or ENGINEERING. 

Srr,—In concluding your very comprehensive article in 
last week’s number on this subject, you point out that the 
recent trials of, wagons designed for such transport, under 
the auspices of the Royal Agricultural Society, did not 
settle the question as ‘‘ to the relative practical value for 
usein this country of the two systems.” 

It isto be presumed that the object sought to be attained 
in offering the very liberial prize—59l. and a gold metal— 
was to discover a practical, efficient, and economical 
wagon to be commercially used in Great Britain for 
carrying dead meat and other perishable goods, in the 
best condition for market and subsequent consumption. 

Notwithstanding the elaborate arrangements made for 
the trials by the Society, and the fidelity and intelligence 
with which they were conducted by the engineers in charge, 
I am of the opinion that they utterly failed to establish that 
the prize wagon is either practical, efficient, or economical, 
or that it could convey meat, &c., commercially, that is to 
say in proper loads, in a fit condition for the market or for 
consumption afterwards. To my mind the exact reverse 
was proven. The essential elements of the process used in 
the prize wagon as exhibited and tried, and as set forth 
most distinctly in the patent specifications (Knott’s) under 
which it was built, are no ventilation—utter exclusion of 
fresh air~and a lowtemperature. The record of the trials 
shows that the wagon was hermetically closed and sealed 
against the admission of the outer air; that at 5 p.m., on 
the 19th of June, there was put into its cooling tanks a 
quantity of ice and salt mixed amounting to 2560 Ib. ; that 
37 hours later, June 21st, 6a.m., there was no ice remaining 
in the tanks, and the temperature was rapidly rising; that 
ice and salt in large quantities were frequently put in during 
the continuance of the trials, the total amount so used during 
the time of the trials, eleven days, being considerably over 
four tons; that atthe end of the eleven days no ice re- 
mained in the tanks, and that the temperature in the 
wagon was up to47 deg. Fahr.; that the lowest tempera- 
ture reached during the trial was 28% deg., and the highest 
204 deg., the average being 39.3 deg., extreme variation 
203 deg. The record shows that at 12 m. on the 19th of 
June (five hours before the prize wagon was charged) ice 
alone weighing 1450 lb. was put into the cooling tank of 
my wagon; that on the 2lst when all the ice in the prize 
wagon was consumed, the tank in my wagon appeared quite 
full, the consumption having been so little as to be scarcely 
appreciable ; that subsequently during the trials ice was 
added to my tank in quantity making with that put in at 
starting 3300 lb.; that at the expiration of the eleven days my 
tank was practically full of ice, in weight at least 1400 Ib., 
making the total consumption of cooling material in my 
wagon during eleven days considerably less than one ton; 
that the lowest temperature reached during trials was 
444 deg. and the highest 524 deg., the average being 
49.37 deg., extreme variation 8 deg. Fresh air was con- 
tinuously passed through my wagon at a rate that changed 
the entire volame in the wagon about every half-hour. 
About 6 cwt. of meat, including beef, veal, mutton, pork 
and poultry was put in each wagon for the trial, and all 
came out of both at end of trial sound. The weight of the 
prize wagon, as given by the builders, is 8 tons 10 cwt., 
making with the 2560 lb. cooling mixture a tare of 
9 tons 13 cwt. The weight of my wagon is 8 tons 
1 ewt. 3 qrs., making with charge of ice 8 tons 
14 cwt.3 qrs. The prize wagon is fitted only to hang up 
small pieces of meat, and it would be quite impossible as now 
fitted to hang up 2 tons of meat in it, and there is not 
space enough below the cooling tanks to hang 4 tons of 
meat, let it be fitted in any manner possible. My wagon is 
completely and conveniently fitted to permit 8 tons of meat 
to be hung up and carried in it. 

I claim that: 1. The prize wagon is not practical, for 
the reason that the rapid consumption of cooling material 
would necessitate recharging en route, and that in case of 
an accidental detention during the journey, at a point 
where large quantities of ice could not be obtained, the 
entire contents would be liable to spoil. 

2. The prize wagon is not proved to be efficient com- 


mercially, since it is not proven that a large quantity, i.¢., 
full load, of meat can be in a wagon absolutely 
without ventilation, on the contrary, my experience, as 
well as that of many people in the meat trade, satisfies me 
that, while the wagon preserved a small quantity of meat 
in apparently good condition, had it been loaded as in 
practical working, the whole would have been spoiled. 

3. The prize wagon, by reason of the great disproportion 
between the tare, dead weight, and its carrying capacity, 
and on account of the vast consumption of ice and salt, is 
not an economical wagon, in fact, isso msive as to debar 
it from commercial use. 

4. The prize wagon cannot meat in fit condition 
for market or subsequent consumption. If it be filled the 
meat will spoil from want of ventilation; if but small 
quantities be carried, as on the trial, it will be rendered 
unfit for market, from this most important fact, well 
known to pom in the meat trade, that meat carried or 
kept at so low a temperature becomes, when exposed to the 
normally warm and moist air of the market, directly covered 
with drops of water from condensation, and is rendered 
“‘maggy” and unsalable. Again, meat subjected to so 
low a temperature loses largely its flavour, and when cooked 
is dry, tough, and comparatively tasteless, hence unfit for 
consumption. 

Holding these views as to the inefficiency of the prize 
wagon and its system, I Nig pam “or the owners of it, the 
Swansea Wagon Company, Limited, to make further trials, 
challenging them in these words : 

“Tt seems to me desirable that further trials of these 
competing wagons and systems should be made before a 
satisfactory conclusion can be arrived at regarding their 
respective merits for commercial use. I therefore challenge 
you to make new and elaborate public trials of the two 
wagons now at the show-grounds of the Royal Agricul- 
tural Society, and to such end I propose that you and I 
shall each name an engineer or other competent scientific 
man to act as judges in the matter, and that these two 
shall choose a third = as umpire; that the wagons 
shall, on the close of the exposition, be placed at the dis- 
position of these judges for such examination and 
trials, with the distinct purpose of testing the relative com- 
mercial value of the.two systems as they may deem proper ; 
that upon their decision the lating party shall pay the 
actual and neces -expenses of, the trials and shall 
forfeit the sum of 50%, to be paid to the Railway Servants’ 
Benevolent Society, or such other chariay as may be agreed 
on in advance ; ithin three days.of receipt of notice 
from you that you t to make the trials on these terms 
I will pay into the of a banker acceptable to you the 
sum of 501. as guarantee in this matter, and that you shall 
at same time make a like deposit. Ireserve the right of 
publishing this letter, and reply if desirable, and await in 
the meantime your early reply.’’ 

This letter was dated and posted July 9th, and on the 
11th inst I received a letter as follows : 

W. D. Alton Mann, Esq. Swansea, July 10, 1879. 

Sir,—I have received your communication of the 9th 
instant. Press of business, however (in consequence of my 
being away all last week), will prevent my giving such full 
consideration as will enable me to reply thereto fully fora 
few days. In the mean time, will you kindly favour me 
with a specification of your wagon, more particularly as 
regards the inside dimensions of the van, the sizes of the 
scantling in the underframe, specification of wheels and 
axles, springs, buffers, &c. 

Awaiting you reply, I remain, Sir, yours truly, 

(Signed) Ropert D. Burniz, 
Managing Director. 
And on the 14th inst. I received the following letter : 
Swansea Wagon Company, Limited, 
Swansea, July 12, 1879. 

Sir,—I have not yet received your reply to my letter of 
the 1Uth inst., but since writing to you I have conferred 
with Mr. Knott, who is now in Swansea, and have arrived 
at the conclusion that after the very careful and able ex- 
amination of the merits of our car, by the judges appointed 
by the Royal Agricultural Society, and their positive de- 
cision in favour of it, further tests, such as you suggest, 
would merely be waste of time and money. 

I remain, yours truly, 
(Signed) Rospert D. Burnie, 

W. D. Mann, Esq. Managing Director. 

From this correspondence you will see there is no chance 
of the further trials in the matter unless the Royal Agri- 
cultural Society withhold the prize, and institute further 
examination. This, I believe, would not be without prece- 
dent in their history, and I have requested them to take 
this course. 

In conclusion, permit me a word as to the exact grounds 
of my dissatisfaction with the trial and award as made. 

In December last the Society issued notice of giving the 
prize for the best wagon to be determined by a six days’ 
trial. I had a wagon built expressly for use in Great 
Britain, where under no circumstances, even of accidental 
detention, would a journey last more than six days, and 
believing that the notice meant what it purported, a six 
days’ trial, I entered that wagon in competition. Owing 
to the injury to meat both in making it unsalable by 
reason of the condensation of water on the sarface when 
exposed after being at a low temperature, and in rendering 
it tough, dry, and flavourless, my study had been to devise 
a system avoiding great cold, but by means of very dry and 
pure fresh air to preserve the meat at as high a tempera- 
ture as possible. I have found that in my wagon, so dry 
and pure is the air rendered, and so complete is the venti- 
lation, I can keep meat in the most perfect condition, both 
as to appearance and flavour, at a temperature of about 
50 deg. for a week, hence in the wagon built and shown, 
designed for British routes, I built a tank to contain but 
the small quantity of 13 ewt. of ice, which gave an average 
tem mie of 49.37 deg. 





I have equally found that if it be necessary to keep the 
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or twelve days, and you would have it 
well as sound, a lower temperature is 
a larger tank and more ice should be 
evident to any one who has ob- 
meat killed in winter, when temperature is below 
m be kept for many days, even weeks, but when 
i temperature at or above 60 deg., it must be 
wil two or three days. I claim it was illegal and 
to me to extend the trial beyond the six days origi- 
named in the offer of prize. If the prize had been 
for acold store room for butchers’ use, ¢ could have 
beon alloged some reason, though no law, for extending the 
time to days, as was done; but for a wagon no more 
than six days d ever be required in Great Britain. 
in, the judges singularly neglected the only two true 
of determining the real quality of the meat after 
the long trial: 1. That of tasting it cooked before the 
award ; and 2. That of sending it to the public market for 
sale, where the technical knowl and self-interest of 
would have been a sure guide in deciding its con- 
dition. Apologising for taking so much of your valuable 
I remain, respectfully yours, 
W. D’AtTon Mann. 
Junior Athenzum Club, July 15, 1879. 


THE PERKINS SYSTEM OF ENGINES, 
To THE EprTror or ENGINEERING. 

Srz,—Your impression of the 30th of May contained a 
letter from Mr. Bury, calling attention to the fact that the 
success of the recent interesting trial trip of the yacht 
Wanderer, fitted with Mr. Perkins’ patent high-pressure 
engines, should not be judged by the economy of the ma- 
chinery in coal consumption alone; unless the speed at 
which the vessel was propelled was the same, or nearly the 
same, as might reasonably be expected from the working 
of engines of the ordinary type. A reply from Mr. Spencer 
appeared the following week, giving some very interesting 
details of the saving in weight and space effected by the 
Perkins’ system, but in no way touching the very crucial 
question raised by Mr. Bury. Mr. Spencer was good 
enough, however, to promise another letter upon the 
subject ; and, as the future of the high-pressure system 
must be of surpassing interest to all marine engineers, it is 
to be seqeeited that his letter has been so ag bey orm 

Having had the advantage of assisting in the design of 
a very similar and in every way successful vessel fitted with 
compound engines of the highest class, working at about 
60 lb. pressure, I have made a carefal — between 
the performances of that vessel and the Wanderer, which 
I venture to submit as going far to dispose of the question 
of extra friction in the machinery of the latter vessel. 

It would be very satisfactory if a comparison could be 
made, upon the late Mr. Froude’s system, of the effective 
horse power required to propel these vessels respectively ; 
but, in the absence of such a comparison, the following 
may be taken as a sufficiently fair one. Ti the figures 

iven by Mr. Bury, the Wanderer is 175 ft. long, 39 ft. 
om 13 ft. 4 in. mean draught, and, with Perkins’ engines 
working at 400 lb. pressure per square inch, and indicating 
800 horses, she attained a speed of 13 miles on trial. The 
other steam yacht alluded to above is 192 ft. long, 28 ft. 
beam, and’11 ft. 6in. mean draught; she is fitted with 
engines indicating on trial a little over 900 horses, and 
attained a speed of 184 knots (15} miles) per hour. It will 
be observed that the Wanderer is just six beams in length, 
and the other vessel 6% beams, and of a less draught ; so 
that somewhat worse performances on the 5s trial, 
taking the proportions of the ship alone into account, might 
be expected from the former vessel. Not being in possession 
of the full data for the Wanderer, I assume that her dis- 
placement and area of imme midship section will be 
nearly proportional to those of the other vessel, that is 
about 850 tons displacement and about 270 square feet 
of immersed midship section. The other vessel’s dis- 
placement was 780 tons and her immersed midship section 
235 square feet, and the displacement and midship 
section coefficients of performance according to the Ad- 
miralty formule were 200 and 580 respectively. 

Now Mr. Bury says that 500 indicated horse power should 
have sufficed, with ordinary engines, to drive the Wanderer 
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18 miles. To test this ae : acai 
js—1.HP. x constan 
" 1 [peace . 
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This is for the Wanderer : 


knots. 
Speed*— 0 * 200 _ 1311—10.35 
8508 


Speed? — 00580 1074=10.25 





10.3, or 11.8 miles. 

It is seen that much less than 13 miles might be <— 
from the Wanderer fitted with the best class of ordinary 
compound engines of 500 indicated horse power. Again, if 
she were fitted with ordinary engines of 800 indicated horse 
power, the same power as the present engines, and were as 
well formed for speed as the ship used for comparison, she 
should have a s (using the constants and formulz) of 
12 knots, or 13.8 miles, being eight-tenths of a mile more 
than her reported 

Lastly, it will be found that her performance with the 
existing machinery can best be compared by working out 
the constants of her own performance, which are approxi- 
mately as follows : 


Constant 21-28* knots x850# tons _ 1g9 





z 800 I.HP. 
Constant-=12:28° knots x 270 sq. ft. _ seg, 
: 800 I.HP. 
These constants are respectively 19 and 16 per cent. below 





those of the other ship, and it is difficult to say how much 
of this deficiency 


may be due to the difference in form of 
the omens Migs how hg ee greater “yey i 
machinery. com » however, goes to show con- 
clusively—supposi the approximate data assumed for the 
Wanderer to be fairly accurate—that the resistance due to 
friction in machinery w the Perkins system is by no 


means so serious as might be supposed; and, in » ma 
be no than that of compound engines working ot 
the ordi pressure of 60 Ib. 
Iam yours very respectfully, 
Forrsscun FLANNERY. 


J. 
9, Fenchurch-street, E.C., July 12, 1878. 


SCREW PROPELLERS. 
To THE EDITOR OF ENGINEERING. 

S1r,—The letter from Mr. H. D. Deanein your last issue 
is very interesting, now that so much attention is being 
directed to the development of the screw propeller, but 
there are a few points in 
elucidation. 

In the first place, he tells us that with a perforated wheel 
the vessel will go astern much quicker than ahead. Now 
the natural inference seems to be that as the vessel goes 
ahead about a thousand times more than she goes astern, 
the proper thing would be to countersink the holes the 
other way, and let her go ahead “into her own suction” as 
he calls it. I cannot see the reply to this, except in the 
case of a vessel with a stern so square that a partial 
vacuum would be formed by pees just abaft the 
stern, thereby neutralising the advan‘ 
on the forward side of the screw ; for if it is an advantag 





for the screw to advance into her own suction, then thé holes 
in the propeller, according to Mr. Deane’s own showing, 
take away that advantage. 

With regard to the vibration I should imagine that the 
holes in the blade act in a similar manner to the air valve 
in a pump, by giving the water time]to get round from the 
front to the back of the blade without a blow, just as the 
air valve saves the blow of the — water in the pump. 
But, of course, if you have the air valves in the pump or 
the holes in the blades too large you will lose efficiency. 
No doubt Mr. Deane has made some interesting experiments 
with regard to the exact area of the holes required. Mr. 
Deane says that his propeller has no slip, but he does not 
explain how the destruction of the vacuum at the forward 
side of the bladecan do away with slip. Negative slip has 
been considered to be due to this vacuum and has been 
found to be bad, therefore it would seem more likely that 
by perforating the propeller the slip would be increased, 
while the number of revolutions and efficiency of the pro- 
peller might be increased to a degree that would more than 


counterbalance the increased slip and in that way give an | ; 


advantage. It would be very interesting to have some par- 
ticulars of trials carefully conducted, showing the efficiercy 
of the propeller before and after perforation. N. 


SANITARY INSTITUTE OF GREAT BRITAIN. 

THE annual meeting of the Council and members of the 
above-named Institute was held at the Royal Institution, 
Albemarle-street, on ae 10th of July, when 
his Grace the Duke of Northumberland presided. Amongst 
those present were Sir Antonio Brady, Mr. George Palmer, 
M.P., Rear-Admiral G. Brooker, Sir Sherston Baker, 
Bart., Dr. Henry Bennet, Colonel Ibbetson, Dr. Langhurst 
Baldwin, Mr. Edwin Chadwick, Captain Seymour Curtis, 
Dr. L. Marsh, Colonel Shakepear, R.A., Professor G. F. 
Symons, Dr. Richardson (President), Major M‘Co 
age &c. The Chairman, in opening the proceed- 
ings, said on that occasion they were met to give prizes 
and certificates to those who been successful with their 
inventions at the Stafford Exhibition last year, that being 
the second distribution only, and also for the purpose of 
hearing an address from Professor Symons. The Duke of 
Northumberland said, that it afforded very great satisfac- 
tion to him when he saw how many had contended to 
produce sanitary improvements, which could not fail to 
assist in promoting the national health. There was one 
special prize, the Richardson gold medal, which had been 
awarded to Mr. Thomas Griffiths for his ‘‘ Patent Zinc 
White,”’ of which he had the pleasure of saying it was the 

atest sanitary discovery ever made for preventing the 
freadful suffering caused by the use of lead Ps a The anni- 
versary dinner afterwards took place at enor Galler 
Restaurant, under the presidency of Dr. B. W. Richard- 
son, F.R.S. After the toast of ‘‘ Success to the Institute,’’ 
and other sentiments, had been duly honoured, Dr. Corfield 
proposed ‘‘The Health of the Successful Exhibitors,’”’ 
coupled with the name of Mr. Thomas Griffiths, F.C.S., who 
had at the meeting earlier in the day received at the hands 
of the Duke of Northumberland (President of the Institute), 
the special gold Richardsonian medal for his invention of a 
non-poisonous white paint, as a substitute for lead. Dr. 
Corfield said that those whose health he had the honour to 
propose, knew that their imventions were thoroughly 
appreciated, not only by the Sanitary Institute, but also 
by the public generally, whose welfare would be improved 
by the introduction of many of the appliances to which 
medals has been awarded. He wished to say that he 
should be very glad to receive specimens of successful 
exhibits, as they would form valuable additions to the 
Parkes’ Museum of Hygiene, and with rd to Mr. 
Griffiths, who had obtained the special medal for an exhibit 
of pre-eminent merit, he was quite sure that the paint 
postneel was one which was calculated to prevent the many 
evil results now caused by the use of lead in the manufacture 
of paints. 

r. Thomas Griffiths in reply, said that he thanked the 
Institute most heartily for the distinguished honour which 
had been conferred upon his firm, and upon himself by the 
presentation of the Richardsonian medal, but that gratify- 
ing as it was to receive such a special token of merit from 
the Sanitary Institute of Great Britain, that award was as 
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nothing in comparison to the satisfaction he felt at having 
instrumental in saving the lives and preserving the 
health of so many of his fellow-creatures. He was glad to 
say that his endeavours to produce a complete substitute 
for the pernicious white and red leads so univ ly 
in houses and ships, had been appreciated not as by the 
ay ome but also by foreign governments, whose demands 
for his patent paint had shown that they were quite alive 
to the advantage of sani reforms, more especially when 
such could be combined with economy. The new zine, or, 
as it was now generally known in the market, ‘‘ Griffiths’ 
Patent White,” would do even more work than the 
poisonous carbonate of lead, and could be produced at 
quite as cheap a rate ren ton. At the same time it had a 
covering power or ‘‘body’’ of more than double that of 
carbonate of lead or oxide of zinc, and therefore consumers 
even supposing they had no sympathy with the cause of 
sanitary progress, would not be sacrificing economy by the 
use of his paint. He had felt, indeed, that it was of no 
use for him to produce a sanitary pigment to supersede 
it was one which was capable of doing all that 
carbonate of lead could ibly do, and his aim had ever 
been to combine commercial economy with sanitary reform. 
He had, too, felt deeply flattered by the remarks made b 
the Duke of Northumberland when presenting him with 
the medal that afternoon, his Grace having said that he 
considered that this new white was the most beneficial dis- 
covery ever made rd ee wr on, the dreadful suffering 
caused by the use of | aints. In thanking the Institute 
for the other medals which it had awarded to his firm for 
silicate and other sanitary paints and colours he had in- 
uced, he would only say that the Silicate Paint Com- 
a in its power to supplant lead 
pigments by the energetic introduction of non-poisonous 
paints, and to show that it was in earnest in the work, he 
would mention that it had already spent upwards of 25,0001. 
in the erection of new paint works on the banks of the 
Thames. These works were producing 100 tons per week 
of sanitary paints, which he hoped would do much to 
diminish the suffering caused by the use of pigments contain- 
ing salts of lead, arsenic, or other poisonous ingredients. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Oleveland Iron Market.— Yesterday there was a 
very thin attendance on ’Change at Middlesbrough, and 
business was worse than ever. Nominally the prices of 
iron were the same as those of last week, but the market 
was really weaker. Some a | damaging rumours relatin 
to the financial position of firms in the iron trade h 
oones in the money articles of two London daily papers, 
indicating what has been pointed out in ENGINEERING for 
several weeks, and on Monday Messrs. Jackson, Gill, and 
Co., merchant ironmakers, Middlesbrough, suspended 
payment. This stoppage was freely discussed on ’Change, 
and the names of other firms were mentioned as being in 
difficulties. The tone of the conversation was the reverse 
of assuring, and had the effect of depressing the market. 
In the finished iron trade there is no material alteration. 
Owing to so many works being entirely closed, those that 
are in o tion are fairly well employed, but there is 
nothing like the amount of work going on that there ought 
to be. Itis hoped that as trade is improving so much in 
America and in France that the leading firms in those 
countries will not be able to take many more orders, and 
that English makers will begin to participate in the slowly 
returning prosperity. But before that takes place it is 
feared that there will be some further failures. 


The Affairs of Jackson, Gill, and Co.—For the past 
few months Messrs. Jackson, Gill, and Co., manufacturers 
of merchant iron and owners of the Imperial Iron Works, 
Eston, Middlesbrough, have been one of the several firms 
whose affairs have been so freely talked about in the iron 
centre. On Monday a meeting of the directors of the company 
was held, and it was stated that one of the pete «sad 
a cmngeerr d to wind up the company. Messrs. Bolckow, 
Vaughan, and Co., of Middlesbrough, are also petitioning 
to wind up the company. The Imperial Iron Works were 
started about ten years ago, and were afterwards trans- 
ferred to Messrs. Jackson, Gill, and Co., Limited, with a 
nominal capital of 100,000/., and the shares allotted were 
921 of 1001. each. There is 901. paid up on 671 shares, 
and the remaining 250 are fully paid up. The liabilities 
are estimated as under 50,000/., about 18,0001. being un- 
secured. The National Provincial Bank have a charge on 
the works of about 28,0001., and seeing that they cost 
88,0001. there is a vi considerable margin. There are 
two forges and three finishing mills, and the works are 
most conveniently situated. A meeting of shareholders 
and creditors will be held in Middlesbrough on the 23rd 
inst. It is believed that the creditors will be paid in full. 
A Sheffield firm has recently been making inquiries with a 
view to purchasing the vorks, 


A New Industry on Tees-side.—The Plating Company, 
Limited, who have electro-nickel plating establishments in 
London, Sheffield, and Wolverhampton, have this week 
opened a new works at Stockton under the management of 

r. Thomas Fenwick. The works are most conveniently 
arranged. The machinery is driven by McKoy’s patent 
pulley, by which 500 revolutions per minute are ob- 
tained in the plating room, and 2000 revolutions per minute 
in the polishing room. By the aid of one of Weston’s 
dynamo-electric machines about 40 ounces of nickel silver 
are deposited ia an hour. It is expected that the works 
will soon be extended. .The process of silvering the common 
metals is very simple. After cleaning cruets, handles, 
bells, taps, dish-covers, keys, stair rods, &c., with sand 
they are put into a bath of sulphate of nickel, where they 
remain about two hours. The several articles are then 
highly Paps by rubbers of sea-horse hide, which revolve 
on spindles at a great speed. 
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SHONE’S SEWERAGE SYSTEM, 

We have already referred in our last issue (see page 34 
ante) to a meumatic system of dealing with sewage 
devised by ur. Isaac Shone, of Wrexham, and which has 
been experimentally tried at that place for some con- 
siderabletime. On the preceding page we publish engrav- 
ings illustrating this system, which we may now proceed to 
explain in somewhat greater detail. The system may be 
said to comprise three separate parts: collecting sewers, 
receiving house and other sewage, and conveying it to a 
central station ; a so-called sewage ejector, which is the 
special feature in the system ; and asealed main into which 
the contents of the sewers are transferred and carried away 
to the outfall. In establishing this system, the area to 
be dealt with would be divided into one or more districts, 
the central point of which is the sewage ejector. Fig. 7 
is a section of this apparatus, and Figs. 8 and 9 are 
details. It consists of a cast-iron spherical chamber, 
with two branches below, one connected with the inlet 
main conveying the sewage, and the other with the 
outlet leading to the main discharge sewer. Boxes 
containing ball valves are introduced both on the inlet 
and delivery sides, as shown. On the top of the spherical 
chamber is placed the actuating mechanism of the ejector, 
shown in the enlarged views Figs. 8 and 9. It con- 
sists of a small chest containing a slide valve and below 
it, a piston valve; this chest is incommunication with an 

Ny 





Fia. 7. 
air compressor, the position of the inlet and exhaust 
pipes being shown in Fig. 7. The ejector is placed so 
that the top of the spherical chamber is at least as low as 
the level of the inlet main, and as the sewage flows into 
it, it fills a small cylindrical cup connected to a bell at the 
top of the sphere, which is connected by means of a 
chain and rod passing through a stuffing-box (see Fig. 9) 
to the levers on top of the valve chest which actuate the 
slide-valve already mentioned. As the sewage flows into 
the sphere it neutralises the weight of the cup which 
otherwise acts as a counterbalance, and ultimately it 
rises above the open mouth of the bell compressing the 
air within it, and causes the bell to rise, the movement 
being transferred to the slide-valve through the system 
of levers before mentioned. The movement of this 
valve admits compressed air to one end of the automatic 
piston valve below, opening the exhaust at its other end. 
The traverse of this valve throws open the port, admitting 
the compressed air to the sphere, and this pressure forces 
out the sewage, causing it to rise through the discharge 
pipe. The cup-and-bell arrangement being balanced, 
and the weight of liquid in the cup being neutral so long 
as it is submerged, retains its position until the vessel is 
nearly empty, and the liquid begins to fall below the level 
of the cup. The dead weight of the latter then comes 
into operation, and pulls over the slide-valve, which 
reverses the piston valve, and opening the sphere to the 
exhaust, reverses the action of the apparatus, and the 
sewage once more begins to flow into the ejector. This 
operation is thus repeated regularly at very short 
intervals, and any amount of sewage can be dealt 
with in this manner. Figs. 5 and 6 show the ar- 
rangement of a collecting station complete. The 
collecting sewers discharge into a small reservoir, the 
front end of which is provided with an intercepting trap 
for arresting any miscellaneous bodies that may find 
their way into the drains. Provision is made as shown 
for entering the reservoir and removing these substances 
whenever it may be desired. The sewage flows into a 
chamber in front of the reservoir, and thence through an 
iron inlet pipe direct into the ejector, which is placed 
in a separate chamber. The illustrations show clearly 
the general arrangement. The discharge pipe passes up 
from the ejector vertically through the chamber into the 
sealed main sewer above. The compressed air main is 
laid beneath the ground in any convenient manner, and 
brought down to the ejector as shown, and the exhaust 
from the latter opens direct into the reservoir, and thus 
helps to ventilate the collecting sewers. Any convenient 
means of producing the compressed air may be applied 
to this system. We last week described an air com- 
pressor exhibited at the Kilburn Show by Messrs, 
Thwaites and Co., and used for this purpose, and we give 


this week illustrations of the machine in Figs. 1 to 4 
One great advantage secured by this system, is the 
entire separation of the collecting from the main 
sewers by means of the ejector. The main sewer, which 
is of course only used as a discharge conduit, communi- 
cates with the service mains only through the ejector which 
acts a sa perfect seal, and prevents the escape oi any gas. 
The experienceobtained at Wrexham appears to favour 
the claims advanced by Mr. Shone for his system. We 
shall probably refer more in detail to this experiment, 
meanwhile we may state that the se dealt with is in- 
terce from the main sewer, and led to the ejector, 
which is operated by a Sturgeon trunk air compressor 
of 6-horse power, and of the type we illustrate. The air 
was taken through a pipe laid under the ground for 
about a third of a mile to the ejector. The sewage 
is discharged through 5 in. iron and 6 in. silicated stone 
pipes to a height of 35 ft. The air from the exhaust is 
used for the purpose of ventilating this sealed sewer. 





DETAILS OF WESTINGHOUSE BRAKE. 

We give on page 55 engravings of the special details of 
the Westinghouse automatic brake referred to in our 
account of the recent trials on the North-Eastern Railway, 
which we give on page 53 of the present number. These 
details consist of a new form of triple valve and an auto- 
matic coupling, the former being shown by Fig. 1, and 
the latter by Fig. 2. 

Referring to Fig. 1 it will be seen that in the new 
form of triple valve, the valve casing has four passages 
into it; namely, first, a supply passage from the main 
pipe communicating throughout the train; second, a 
passage to the auxiliary reservoir ; third, a passage to 
the brake cylinder, and, fourth, one to the outer air or 
the exhaust passage. The supply passage opens into a 
chamber where moisture or grit may collect, while above 
this chamber and communicating with it is a cylindrical 
compartment A fitted with a piston 5 having a rod ex- 
tending upwards. There is a notch at the upper part of 
the cylindrical compartment, such that, when the piston 
is at the upper part of its stroke, air can leak through 
this notch to the space above the piston, as indicated by 
the arrow. The upper side of the piston is formed as a 
valve to seat on a seating above, and at the edge of 
this valveis a second notch permitting a passage of air 
when the valve is seated, As there area number of valves 
for the several brake apparatus throughout the train, 
and as it is of advantage that these should be equally sup- 
plied, the notching of the valve above described regulates 
the passage of air to each apparatus independently of any 
irregularity of leakage past the piston of the valve. 

The piston rod has on one side a long notch in which is 
fitted a slide valve 6, free to move some distance within 
the notch, and this slide-valve is pressed by alight spring 
against a cylindrical facing, in which there is a port a to 
the cylinder and the exhaust passage. In the body of the 
slide-valve there is a longitudinal passage having a side 
opening c towards the port face, and in this passage is a 
valve 7 attached to the piston rod so as to move with it. 
On the opposite side of, the compartment containing the 
main slide-valve is the reservoir passage. The valve 
casing is made of cast iron, lined in the working parts 
with hard brass. 

The operation of this valve arrangement is as follows: 
When the communicating pipe is charged with air under 
pressure, the piston 5 is pressed up, seating its valve, 
and moving up the slide-valve 6 so as to bring the cy- 
linder and exhaust passages into communication by the 
cavity b of the slide. In this condition a portion of the 
air from the supply passage leaks through the notches past 
the piston and its valve into the upper compartment B 
of the valve box, and thence by the reservoir passage to 
charge the auxiliary reservoir, whilst at the same time 
air passes out from the brake cylinder as exhaust and the 
brakes are taken off. When the pressure in the com- 
municating pipe is somewhat reduced, the piston, being 
subject to the greater pressure in the auxiliary reservoir, 
descends past the notch in the cylinder, and by its 
farther descent moves the slide-valve 6 downwards, 
closing the communication from the cylinder to the 
exhaust, and at the same time opening the valve 7, in 
the slide-valve. Under these conditions air can pass by 
the passage C in the slide-valve from the auxiliary 
reservoir to the brake cylinder, putting on the brakes 
gently. When the pressure in the auxiliary reservoir is 
thus reduced to a little below that in the communicating 
pipe, the piston 5 moves a little up closing the valve 7 
in the slide-valve, and so preventing any further passage of 
air from the reservoir to the cylinder. In this condition 
the breaking power can be very delicately regulated by 
slight changes of pressure in the communicating pipe. 
When the pressure in the pipe is considerably and 
rapidly reduced, the piston descends rapidly, moving 
down the slide valve to its lowest position, so as to uncover 
the cylinder port, whereby air is freely admitted from the 
auxiliary reservoir, causing the brakes to be applied 
with full force. As we have stated elsewhere, the 
arrangement works admirably. 

The new form of automatic coupling is, as we have 
said, shown by Fig. 2. This coupling has been designed 
to overcome the objection raised to the former arrange- 
ment, in which a cock was used in the brake pipe at 





each end of every carriage, this cock having to be 











closed or opened before or after separating or uniting 
the hose couplings. For the present arrangement 
the cocks in the pipe are di with, and the 
object which they had to fulfil is attained by placing 
valves in the coupling, these valves being opened when 
the couplings are put together and closed when the 
latter are disunited in the ordinary manner, but remain- 
ing open to apply the brakes when the couplings are 
drawn apart by the accidental separation of the train. 

In our engraving the two couplings are shown united 
to form the connexion of the main brake pipe between 
two vehicles. As will be seen, the two couplings 1 1, 
are exactly alike, and an air-tight joint is formed by 
means of the rubber packing rings 7 in each, which 
rings face against each other when the couplings are 
united. The air pressure in the couplings tends to force 
these rings towards one another, so that the joint be- 
comes tighter with increase of pressure. 

Each coupling has a valve face 3 resting on the 
rubber ring 7, this face being made with three air pas- 
sages. A rotating valve 4, when in the oe shown, 
allows air to pass from one coupling to the other. This 
valve 4 is turned by the spindle 5, which has a projection 
a entering a corresponding part in the valve. The spindle 
5 receives its motion from the handle 6, which is so 
formed as to engage a part of the opposite coupling, 
The arrangement is such that the two couplings cannot 
possibly be united without opening the valves 4; and as 
already said, when disconnected by hand in the ordinary 
way, the valves are turned so as to prevent any escape 
of air. The valves 4 and spindle 5 are held to their seats 
by the spring 8 assisted by the air pressure. 

The tendency of the air pressure in the couplings is 
necessarily such as to tend to force them apart in a direc- 
tion at right angles to the line of the india-rubber hose 
pipes 10, and consoquently the greater the pressure the 
more firmly are the couplings held together by the pro- 
jecting piece of each coupling, which fits in a corre- 
sponding groove of the other coupling. No damage is 
done if the couplings be drawn apart forcibly by the 
separation of the train, as the rubber rings 7 are forced 
into their respective couplings far enough to permit the 
projecting pieces above mentioned to disengage from 
their grooves. When thus drawn apart the valves 4 
remain open and the air is then discharged from the 
brake pipes, causing the application of the brakes. These 
couplings are united by placing them together with one 
nearly at right angles to the other, and then turning the 
projection of the one into the groove of the other 








AN AUSTRALIAN TORPEDO LAUNCH. 

WE give this week a two-page engraving of the torpedo 
launch Acheron, the first vessel of the kind built in 
Australia. The Acheron was designed by Mr. Norman 
Selfe, of Sydney, and constructed by the Atlas Company 
of that city, and much interest necessarily attached to 
her and her performance. We shall in an early number 
publish further engravings of the engines, &., of the 
Acheron, and for the present, therefore, we postpone our 
description. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. — 
~~ and Derbyshire Institute of Mining Engi- 
neers.—The annual meeting of the Chesterfield and Derby- 
shire Institute of Mining, Mechanical, and Civil Engineers 
was held on Monday in the Stephenson Memorial Hall 
Lord Edward Cavendish, the President of the society, was 
unable to be present through indisposition, and Mr. J. 
Storrs Smith occupied the chair. Mr. W. F. Howard, the 
secretary, read the annual report and balance-sheet, from 
which it appeared that the Institute now numbered 13 free 
honorary members, 7 life members, 270 members, 20 hono- 
rary members, and 24 students, making a total of 334 com- 
pared-with 340 last year. The receipts during the year 
amounted to 5631., and the arrears considered recoverable 
to 2821. 19s. 6d. Report was made to the successful ex- 
cursion to Barrow-in-Furness. Good work had resulted 
from the introduction of ambulance classes, a work which 
had been proposed at the last meeting of the Institute by 
Major F. ene, R.A., and carried into effect during the 
year. The members were congratulated on having con- 
tributed to raise a worthy and appropriate memorial to the 
memory of George Stephenson, civil and mechanical engi- 
neer. It was resolved to appoint Messrs. Jackson, Car- 
snaien and Mills as trustees to deal with the funds of the 
Institute. The following oe were then discussed : Mr. 
Richard Schram’s paper entitled ‘‘Schram’s Rock-Boring 
and Air-Compressing Machinery,” and Mr. A. W. Stokes 
paper on ‘‘ Coal Winding in Deep Shafts.’ 

The Result of Competition in the Rail Trade.—For 
some days t there been a rumour that a local 
firm e in the manufacture of steel rails has had on 
offer le to it by the proprietors of certain blast fur- 
naces on the Lancashire sea coast, the steel-converting 
operations to be removed to the furnaces. Derwent was 
the place associated with the rumour, and the advantages 
to be derived from the removal would be the saving in car- 

iage rates of raw material to the works here and of the 
ils when made to the port. We learn that the pro- 
prietors of certain blast furnaces in the north have pro- 
rosed to Messrs. Wilson, Cammell, and Co., of the Dron- 
Reld Steel Works, that they (the latter) should commence 
the manufacture of steel rails at the former’s premise’ 
Messrs. Wilson, Cammell, and Co., have not, however, done 
anything towards falling in with the suggestion. 
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CONTINUOUS BRAKES. 

Ir is now about eight months since we had occa- 
sion to discuss* the results obtained by Captain 
Douglas Galton in a series of experiments on tbe 
use of the Westinghouse automatic and the Smith- 
Hardy vacuum brakes, which he had then recently 
carried out on the North-Eastern Railway, The 
results in question were of much interest, and by 
throwing light upon several doubtful points von- 
nected with the action of brakes indicated the 
direction in which improvements might be effected 
in the future, Since the date of which we speak, 
important trials of brakes have also been carried 
out on the Paris, Lyons, and Mediterranean Railway, 
while the experimental van constructed by the 
Brighton Railway Company has, through the 
liberality of that company, been freely used . Mr. 
Westinghouse and Captain Galton for their re- 
searches—researches the results of which have been 
fully described by Captain Galton in his several 
— read before the Institution of Mechanical 

ngineers. Altogether during the past few months 
much has been added to our knowledge of what 
continuous brakes can and should be capable of 
performing, while engineers generally have had 
their attention directed to the whole question and 
have been furnished with the means of judging 
fairly of the respective merits of competing systems. 
Amongst those who have paid special attention to 
this subject a prominent position must be given to 
Mr, Thomas E. Harrison, the chief engineer of the 
North-Eastern Railway. Mr. Harrison early made 
himself well acquainted with the practical aspect of 
the continuous brake question, and the admirable 
report recently made by him to his company—a 
report which is about to be laid on the table of the 
House of Commons, and which we hope ‘soon to 
ae that he has studied the subject in 
ull detail. Mr, Harrison’s report is, as might be 

¥ Vide ENGINEMRING, Vol, xxvi., page 000. 





expected, thoroughly in favour of the Westing- 
house automatic Tonks, and in the course of his 
remarks he completely analyses that brake and 
considers independently the features by which it is 
distinguished. 

The careful attention lately given to the whole 
subject has naturally led to progress, and during 
the past few months several improvements in the 
details of the Westinghouse automatic brake 
have been devised by Mr. Westinghouse to meet re- 
quiremeats pointed out by Mr. Harrison, while 
other minor modifications have resulted from a con- 
sideration of the lessons taught by the various ex- 
periments to which we have referred above. It was 
to test the value of these improvements, and also to 
afford information on some other points, that a 
further series of trials on the North-Eastern Railway 
was organised, and these trials were carried out on 
Monday and Tuesday last with results which we are 
now about to lay before our readers. And here we 
may say that the manner in which these trials were 
conducted reflected great credit on all concerned in 
their organisation, Recognising fully the import- 
ance of the points at issue, the North-Eastern Com- 
pany made the trials public to all concerned in rail- 
way working, and freely sent to all the chief railway 
companies invitations for their officials to take part 
in the experiments. The result of this was that on 
Monday and Tuesday last our railways generally 
were far more fully represented than they have been 
at any brake trials since the celebrated Newark 
experiments of 1875. Thus the Great Northern 
was represented by Mr. Tennant, M.P., Mr. Patrick 
Stirling, and Mr. Cockshott; the Great Western by 
Mr. Grierson, Mr. Deane, Mr. Holden, and Mr. G. 
Armstrong ; the Midland by Mr. Allport and Mr. 
Needham; the London and North-Western by Mr. 
Footner ; the North-British Railway by Mr. D. 
Drummond; the London, Brighton, and South 
Coast Railway by Mr. Stroudley; the Highland 
Railway by Mr. D. Jones; the Glasgow and South- 
Western Railway by Mr. James Stirling; the 
Western Railway of France by M. Vetillart; the 
Great Eastern by Mr. Massey Bromley’; the Metro- 
politan by Mr, Tomlinson, &c, The North-Eastern 
Company themselves also were duly represented 
amongst others by Mr. James Kitson, Mr. Thomas 
E, Harrison, Mr. J. A, Haswell, Mr. Wilkinson, and 
Mr, H. Tennant, the general manager, who had 
charge of the experimental train, Mr. Farrar, of 
the Board of Trade, and Major Marindin, R.E., were 
also present, although not in an official capacity, 
while the experiments themselves were conducted by 
Captain Douglas Galton. The Westinghouse Con- 
tinuous Brake Company were represented by Mr. 
Westinghouse, Sir Henry Tyler, Mr, Gormley, 
and several members of their staff, 

The experiments were made on the line be- 
tween York and Starbeck Junction, a short dis- 
tance beyond Knaresborough ; there being at both 
York and Starbeck a triangular arrangement of 
lines, which enabled the train to be turned as whole, 
thus saving much trouble. The train consisted of 
sixteen vehicles drawn by one of the North-Eastern 
Company’s coupled express engines of the type which 
we illustrated on page 417 of our eighteenth volume, 
this engine being of a powerful class with 17 in. 
cylinders, 24in. stroke, and coupled wheels 7 ft. in 
diameter, the weight being 38 tons 19 cwt. 3 qrs. 
With the exception of the leading wheels of the 
engine, all the wheels on the train had the brake 
fitted to them, the blocks used being cast iron and 
being in the case of the tender and carriages applied 
to both sides of each wheel. The carriages were all 
four-wheeled, so that there were eight blocks on 
each, the brake gear being very simple and well- 
arranged, The tender also, which was six-wheeled, 
was fitted with a particularly neat arrangement of 
brake gear, giving an equal pressure on the blocks 
of each pair of wheels. e composition of the 
train, and the weight of the vehicles composing 
it, are given by Table I, annexed, In the weights 
there given the weight of the passengers carried 
is not included, but on the other hand, no allow- 
ance is made for the diminution,of the weight 
of the tender during the experiments, so that on the 
whole the total weights given may be taken to 
fairly represent the average weight of the train, 
Altogether, as will be seen, 93.93 per cent. of the 
whole weight rested on the braked wheels. 

We have already said that the Westinghouse 
automatic brake as fitted to this train included some 
recent improvements, and before proceeding to deal 
with the experiments themselves it will be desirable 





that we should explain what these improvements 





were. The first of these modifications, and an im- 
portant one, consisted in the enlargement of the 
main brake pipes and the mode of arranging them. 
Instead of being ? in. in diameter as formerly, these 
pipes were made | in. in diameter, and the bends at 
the ends of the carriages were done away with, so 
that the impediments to the direct flow of the air 
were much reduced. Another improvement con- 
sisted in the employment of the new form of auto- 
matic hose cou ings, of which we give an engraving 
on page 55 and a detailed description on page 52 of 
the present number. It will be remembered that in 
Taste No. I.—Showing’ Composition and Weight of 
—- used in Series of Experiments A, B, C, , E, 
an . 
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the arrangement formerly var gery the brake pipes 
were fitted with cocks at each end of each carriage, 
these cocks having to be opened or closed by a 
movement independent of the act of coupling up the 
hose pipes. In the present arrangement these cocks 
are dispensed with, the new couplings being fitted 
with valves so constructed that when the couplings 
are connected or detached in the ordinary way these 
valves are opened and closed respectively, while if 
the couplings be drawn apart by the parting of the 
train they remain open, and thus cause the applica- 
tion of the brake. The arrangement is a simple 
and ingenious one and answers its purpose perfectly. 

A third improvement consists in a new form of 
triple valve. This valve we also illustrate on 
page 55 and describe in detail on page 52 of the 
present number, and to this description we therefore 
refer, The main feature in this new triple valve, 
apart from some improvements in constructive 
details, is the arrangement whereby it is rendered 
possible to admit into the brake cylinders any de- 
sired air pressure, thus controlling the force with 
which the blocks are pressed against the wheels. 
This variation of pressure could be effected to some 
extent with the old valve, but the new form enables 
it to be done with far greater ease and delicacy. 
This was repeatedly shown in the course of the ex- 
periments, To test the performance of this valve 
and also to act as a guide to the driver, there was 
fitted to the engine a pressure gauge connected to 
the brake cylinder on the engine. This gauge thus 
showed the pressure on the brake piston, and re- 
peated 7 showed that not only could that 
pressure be adjusted as desired by varying the 
opening of the driver’s brake valve, but also that 
any given pressure was steadily maintained in the 


brake cylinder as long as required, Of course as . 


far as this result was concerned the engine brake 
was fairly representative of the other brake 
cylinders throughout the train, We may add that 
a number of these new triple valves are now in 
regular use on the North British Railway and are 
giving every satisfaction. 

A fourth improvement in the brake which Mr, West- 
inghouse has recently adopted, and which was pre- 
sentin the experimental train, is the provision of a short 
groove in each brake cylinder to serve the purpose 
of the independent leakage valve formerly employed. 
The object of this provision, as of the leakage 
valve formerly used, is to prevent the brakes from 
being “‘ set” by any slight discharge of air from the 
triple valve, such as might be caused by a leak in the 
main pipe. In the event of any such slight dis- 
charge taking place it passes the brake piston by 
the short groove in the brake cylinder now 
provided, but if the air enters the cylinder rapidly, 
as it does when the brakes are purposely a go 
the piston at once moves past the groove and thus 
prevents any escape of air. 

Another improvement applied consisted in what 
we may call, for want of a better name, a “‘ pump 
control valve” fitted to the engine, and having for 
its object the regulation of the stopping and startin 
of the air pump, 80 as to ntain any desired 
pressure in the main air reservoir. This control 
valve has been designed by Mr, Westinghouse at 
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the suggestion of Mr. Harrison, and it answers its 
well, We hope shortly to be able to illus- 
trate this arrangement, bit meanwhile we may 
describe it briefly as consisting of a small safety 
valve, the load on which is adjustable, the lifting of 
this valve admitting the air under pressure to a 
small cylinder fitted with a piston, which operates a 
valve controlling the steam supply to the pump, 
a slight leakage of air being permitted from this cy- 
linder. The operation of this arrangement will 
readily understood. The safety valve is connected 
to the air reservoir, and <r, it to be loaded to, 
say, 50 lb. per square inch, it of course lifts when 
that pressure is attained. On this taking place the 
air is admitted to the small cylinder just mentioned, 
the piston is shifted and the steam supply valve closed, 
thus arresting further pumping. the pressure in 
the reservoir falls, the safety valve of course ceases 
to supply the slight leakage which we have 
mentioned as being allowed from the small cylinder, 
and hence the piston moves back again, opening the 
steam valve and ee the pump. The arrange- 


Taste No. II.—Showing Results of Experiments on the Use of the Brake for making Ordinary Station Stops, 


the Brake being operated by the 
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TaBLE No. III.—Showing Results of Experiments on the Use of the Brake for making Stops as quickly as possible, the 


Brake being operated by the Driver. 


Percentage of Weight of Train resting on 


heels fitted with Brake-Blocks 
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These facts led Mr. Westinghonse to devise the 
friction valves just referred to, these valves being 
so arranged that the pressure with which the 
blocks are forced against the wheels is controlled 
directly by the frictional resistance between the 
blocks and tyres, Thus, supposing the friction 
valves set to give a frictional resistance of, 
say, 15 per cent, between the blocks and wheels, 
the ‘pressure with which the blocks are forced 
against the wheels will never be allowed to rise 
above that nece to produce this resistance, and 
hence so long as the esion between the wheel 
and rail exceeds 15 per cent. of the insistent 
weight no skidding can possibly occur. The trials 

e with the Brighton experimental van, and 
more recent experiments in eg have shown 
that these friction valves act perfectly and are 
capable of thoroughly controlling the brake-block 
pressure in the manner desired; but at the same 
time doubts have been expressed as to the advisa- 


bility of their employment, and for the following |~ 


reasons: The object of the friction valves is, as we 
have said, to prevent skidding, particularly at the 
time when the wheels are revolving slowly just 
before the train comes to rest, but in order that 
they may do this it is of course essential that the 
frictional resistance which they are set to give 
should be below the adhesion which can be 
secured between the wheels and rails. Now this 
last is a variable quantity depending greatly 
upon the weather, and as it would not be prac- 
ticable to be continually adjusting the friction 
valves to suit different conditions of rails, the valves 
—if they are to prevent skidding—must be set to 
give such a frictional hold of the tyres by the blocks 
as will certainly be within the frictional grip of the 
wheel on the rail under all ordinary circumstances. 
Thus while the friction valves are of undoubted 
value when the rails are in bad condition, it has 
been doubted whether this advantage was not 
obtained at too high a cost in the shape of a reduc- 
tion of the retarding effect attainable when working 
with rails in good order. Moreover, she friction 
valves, of course, involve some additional compli- 
cation in the brake gear. Under these circumstances, 
the fitting of these friction valves to the North- 
Eastern train was purely an experimental matter, 
and one of the points to be settled by the trials last 
Monday and Tuesday was the effect of these valves 
under different circumstances. 

As to the mode of conducting the experiments 
little need be said, as it was identical with that 
adopted in other trials, of which we have alread 

iven accounts. The London, Brighton, and Sou 

it Company had kindly lent their experimental 























Taste No. IV.—Showing the Results obtained when the whole Train was detached from the Engine by Use of a 
Slip Coupling between the Tender and Front Van, the Parting of the Train applying the Brakes. Brake Blocks 


applied to all the Wheels of detached Train. 
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van, and this van was made up in the train next the 
tender. Both the engine and van were fitted with 
Mr. Stroudley’s speed indicators, while on each ap- 
ee of the brake a diagram was taken from Mr. 

estinghouse’s ingenious speed indicator, this dia- 
gram showing, as we have explained on former 
occasions,* the speed at the moment the brake was 
ees the distance run in making the stop, and 
the speed at each point in that distance. Two other 
indicators in the van also gave diagrams showing the 
pressures on the brake cylinder and the tangential 
retarding force due to the application of the brake 
blocks. We may add that both these indicators 
were driven from a shaft having its motion given 
from the van axle, the horizontal lengths of the 
diagrams signifying distance, and not time, as in 
some experiments made with this apparatus. In 
the case of the stops made by the driver, the record- 
ing apparatus was started electrically by the motion 
of the brake-valve handle on the engine, while in 
the case of the slip experiments it was started by the 
release of the air from the main brake pipe. The 
recording arrangements were thus automatic, and 
out of the control of the experimenters in the van. 
Besides the records of speeds and distances afforded 


by the di 8, the time occupied in each stop was 
taken by Major Marindin, and checked by other 
observers. e may add that all the arrangements 


worked perfectly throughout the trial, there not 
being a single hitch. 

* Illustrations, and a description of this speed indicator, 
appeared on 208, vol. xxii. of ENGINEERING. [Illus- 
trations of the fittings of the experimental van also were 
given on page 470 of our twenty-fifth volume. 








We now, after this somewhat lengthy—but neces- 
sary—preamble come to the experiments themselves. 
The programme prepared énumerated four distinct 
sets of experiments, as follows: First, experiments 
to show the action of the brake when used by the 
driver to make stops at stations as in the ordinary 
working of the traffic, these trials being made (A) 
with friction valves in use, and (B) without friction 
valves. Second, experiments to test the value of 
the friction valves when the driver uses the brake 
to stop as quickly as possible, the trials being made 
(C) with friction valves in use, and (D) without 
riction valves. ‘Third, experiments to test the 
action of the friction valves in the case of the train 
being accidentally broken into two sections, a series 
of “slip” stops being made (E) with friction valves 
in use end (F) without friction valves. In each of 
these series of trials arrangements were made for 
testing the use of different air pressures, one of the 
points which Mr. Harrison had in view being the de- 
termination of the best air pressure for general use. 
Finally, there was a fourth series of experiments to 
ascertain the time occupied in applying the brake- 
blocks at different points in the train, the length 
of the train being for these experiments increased 
to twenty-four vehicles. " < 

It was originally intended that the various experi- 
ments should have been carried out in the order in 
which we have enumerated them ; but it being im- 

ible for all the visitors to attend both days’ trials, 
Mr. Harrison kindly arranged for some of each of 
the first, second, and third series of trials to be 
carried out on the first day. Thus on the Monday 
a start was made from York at 2.30 P.a., and during 
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DETAILS OF WESTINGHOUSE AUTOMATIC BRAKE; NORTH-EASTERN RAILWAY. 
(For Description, see Page 53.) - 
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the run to Starbeck Junction the A series of experi- 
ments were carried out, while the return journey was 
devoted to the C series. On a second trip the B 
and F series were carried out during the outward 
and inward runs respectively. This left the D and 
E series to be carried out during a run to Starbeck 
Junction and back on the following day, Tuesday, 
while finally the experiments on the promptness of 
application of the brake were carried out at York on 
this last-mentioned day. For our purpose, however, 
it will be better to disregard the order in which the 
trials were actually carried out, and to consider 
them in the order in which they were enumerated 
in the programme, as by that means the results are 
rendered more readily comparable. 

The results of the first set of experiments, namely, 
those to test the action of the brake when employed 
by the driver for making ordinary station stops are 
recorded by Table II. on the opposite page. In the 
first sub-series bearing the reference numbers 1 A 
to 4A, the friction valves were employed, while in the 
second sub-series, 1 B to 3 B, these valves were not 
in use. The rails were dry and in good order 
throughout the whole of these trials. The Table is 
self-explanatory, and with regard to the data re- 
corded in it we need only state that in preparing 
this and the companion Tables the effect of gradients 
has been duly allowed for in calculating the columns 
giving the percentage of retarding force and the 
equivalent distance run corresponding to a speed of 
50 miles per hour. Of course in these experiments 
where the object was to make smooth gradual stops 
without causing any inconvenience to passengers, the 
average retarding force applied was far below that 
requiring such a pressure on the brake-blocks as 
would produce skidding, and thus the friction 
valves were scarcely likely to be called upon to act 
s0 long as moderate care was displayed by the 
driver in the application of the brake. The experi- 
ments showed in fact that it was possible to make 
perfectly smooth easy stops either with or without 
the friction valves in use. In each of the sub-series 
A and B three different air pressures were used, 
namely, 40 lb., 60 lb., and 80 1b. per square inch in 
the former case, and 43 lb., 64 Ib., and 83 lb. in the 
latter, and it is noticeable that so perfectly was the 
air pressure admitted to the brake cylinders under 
control that even with the highest reservoir pressure 
(83 Ib.) the retarding force was kept down to an 
average of 4 percent. These experiments in fact 

















thoroughly controverted the statement which has 
been sometimes made that the Westinghotse auto- 
matic brake could not be controlled so as to give 
quiet gradual stops. 

The second series of experiments, consisting of 
sub-series C and D, gave results which are recorded 
in Table No. III., on page 54. These experiments 
were, as we have explained, made to test the use of 
the brake in emergency stops, the brake being fully 
applied by the driver, so as to bring the train to rest 
as quickly as possible. In the case of the sub- 
series C, in which the friction valves were used, the 
rails‘were dry throughout, while in the case of the 
sub-series D, when the friction valves were discon- 
nected, the rails were also dry except during experi- 
ment No. 3 D, when they were moist. The stops 
made, both with and without friction valves, were, 
as will be seen by the Table No. IIL, excellent, the 
results, however, being in favour of those made 
without friction, valves. This was a result which 
might have been anticipated with the rails in good 
condition. The sub-series C consisted of five ex- 
periments made with four different air pressures, 
and it will be noticed that in this case the higher 
pressures gave the best results, these higher pres- 
sures giving greater promptness of application, 
while the use of the friction valves prevented an ex- 
cessive pressure from being put on the blocks, and 
so avoided skidding. The sub-series D, on the 
other hand, consisted of three experiments at three 
different air pressures, and in this case it will be 
noticed that it was the medium pressure, 62 1b., which 
gave the best results. 

In the trials of last year, when similar trains fitted 
with the Westinghouse automatic brake and Smith- 
Hardy vacuum brake were tested on the North- 
Eastern Railway, the best stop* made by the former 
was equivalent to bringing the train to a stand in a 
distance of 227 yards from a speed of 50 miles per 
hour, while for the vacuum brake the best result 
was equivalent to a distance of 256 yards under 
similar circumstances. In the experiments made 
during the present week, the bestresult corresponded, 
as will be seen from the Table No. III., to a distance 
run of 198 yards for a speed of 50 miles per hour, 
thus beating the best vacuum brake stop by 58 yards, 
a very important result. If instead of taking the 
best stops only, the average distance be taken, the 
results are still more in favour of the Westinghouse 
brake, the equivalent distances for a speed of 50 miles 
per hour being as follows : 


yards. 
aay vacuum brake ; experiments 
Westinghouse automatic brake; experi- 
ments 1878 ... Peel os ove tse 251 
Westinghouse automatic brake ; experi- 
ments 1879 ... ono pi Seis - 225 


These results speak for themselves. 

The third series of experiments—comprising sub- 
series E and F—consisted in stops made by slipping 
the train, the slip-coupling being inserted between 
the tender and the experimental van. The results 
of these experiments are recorded in Table No, IV., 
the rails being dry at the time these trials were 
carried out. Of course in these experiments the 
stops made were even more prompt than in the 
second series, as all the wheels on the detached por- 
tion of the train were braked, and the application 
of the brakes caused by the parting of the couplings 


* See ENGINEERING, vol. xxvi., p. 395. 











when the train was slipped involved even less loss 
of time than when the driver’s brake valve was used. 
The sub-series E, in which the friction valves were 
employed consisted of three experiments made with 
the air at three different i the pressure of 
741b. giving the best result, and affording an average 
retarding force of no less than 16.1 per cent. The 
sub-series F’, in which the friction valves were dis- 
connected, also consisted of three experiments with 
different air pressures, and in this case the lowest 
pressure, viz., 541b., was that which gave the best 
results, In the whole series the best stop, namely, 
2 E (in which the distance run was equivalent to a 
distance of 172 ee for a stop made from a speed 
of 50 miles per hour), was made with the friction 
valves in use, but the result attained in experiment 
1 F was practically equal to this, and as a whole 
the trials without the friction valves gave the best 
results. We shall next week publish diagrams taken 
during these various stops, and shall then have more 
to say respecting the use of the friction valves. 

As regards the smoothness with which the stops 
were made, the results were in favour of the friction 
valves, particularly during the slip stops. When 
the stops are made under the control of the driver, 
however, the slight jerk felt at the moment of 
the train coming to a stand can even, without the 
friction valves, be completely done away with by 
releasing the brakes just before the stop is actually 
made, In the case of a real emergency stop, how- 
ever, this slight jerk is in any case a very minor 
matter. Even during the most rapid stops no dis- 
agreeable jerking of importance was felt in the 
train, and this notwithstanding the fact that the 
train itself was a difficult one to deal with in conse- 
quence of the great elasticity of the buffers, this 
amounting to 20in. per carriage, or to 17 in. after 
coupling up. Experience has shown clearly that to 
obtain the best results as regards smoothness of 
action from continuous brakes—of whatever type they 
may be—it is essential to avoid excessive elasticity 
in the buffers and draw springs, and this is a point 
which deserves special attention, and respecting © 
which we shall have more to say hereafter. 

The fourth series of experiments were made to 
test the rapidity of application of the brake on diffe- ” 
rent parts of the train, the latter being lengthened 
for these trials by the addition of eight carriages, it 
being thus made up of twenty-four vehicles, besides 
the engine and tender. The mode of conducting the 
experiments was as follows: The experimental van 
was successively placed as the first, fourteenth, and 
twenty-fourth vehicle in the train, and while in the 
position of fourteenth, the part of the train behind 
it was temporarily disconnected, so that the van 
successively represented the first and last carriages 
of a train of fourteen vehicles, and the first, four- 
teenth, and last carriage of a train of twenty-four 
vehicles, In each case adi was taken from an 
indicator connected to the brake cylinder on the 
van, the movement of the paper of the indicator 
being given by a water-clock, which was started 
electrically by the first movement of the driver's 
brake-valve handle on the engine. The diagrams 
thus obtained a which we shall publish next 
week) showed c — the time at which the air was 
admitted to the brake cylinder by the movement of 
the triple valve, and the rise of pressure which 
rapidly followed. The times of application thus 
obtained are recorded in Table V., annexed, and it 
will be seen on comparing them with the results ob- 
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tained last year* that they show a very{important 
increase of promptness due to the use of the larger 
and more direct pipes, This, however, is a subject 
respecting which we shall have more to say next 
week when we publish the diagrams. We should 
add that three experiments were made with each 
position of the van and with three different air 
pressures, namely, 30 Ib., 60 1b., and 80 Ib., the re- 
sults corresponding to the different pressures being 
duly recorded in Table V. 


TABLE No. V.—Showing Time occupied in setting the 
Brakes at different Parts of a Train. 





Time occupied in 
setting Brakes. 
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any kind in the carrying out of the trials reflecting 
great credit on all concerned. We have in the 
present article done little more than record the re- 
sults afforded by the various experiments, but we 
intend to return to the subject, and when publishing 
the diagrams taken during the trials, to have more 
to say respecting the deductions to be made from 
them. 

And here, before for the present taking leave of 
the subject, we desire to say afew words respecting 
the cost of maintenance of the Westinghouse auto- 
matic brake. It will be remembered by our readers 
that in November last we were enabled (vide 
page 400 of our twenty-sixth volume), through the 
courtesy of Mr. Drummond, the locomotive super- 
intendent of the North British Railway, to publish 

articulars of the cost of maintaining the Westing- 

ouse automatic brake on that line. The applica- 
tion of this brake to the North British stock 
commenced in December, 1876, and up to September 
30, 1878 (the date to which the accounts we pub- 
lished were complete), 27 engines and 179 vehicles 
had been fitted, while 69 vehicles had been fitted 
with connexion pipes only. Since the date just 
mentioned 12 more engines and 159 vehicles have 
been fitted with the brake, making 39 engines and 
338 vehicles in all, and we have now been favoured 
by Mr. Drummond with full particulars of the cost 
of maintenance of the brakes on this stock during the 
nine months between the lst of October, 1878, and 
30th of June, 1879. The accounts furnished to us 
give full details of every item of material and labour, 
und are necessarily of much interest. To compress 
the data which they afford within a reasonable 
compass, we have classified the various expenses 
incurred, and give them under their several headings 
in Table VI. annexed. The smallness of the cost 
of maintenance as thus recorded is remarkable, and 
fully bears out the figures of Mr. Drummond's 
previous report. If the amount incurred for main- 
tenance be divided by -the whole number of engines 
and vehicles respectively, it will be seen that the 


TaBLE No. VI.—Showing Cost of Maintenance of the Westinghouse Automatic Brake on the North British 
Railway between October 1, 1878, and June 30, 1879. 

















NaTuRE or REPAIRs. Materials. Wages Totals. 

Engines and tenders : 4 a- & 4 2 4 & s. d, 

Repairs to steam pumps ... 7 ££. 8 1 12 10 319 4 

” triple valves and eee me sai 1 0 2 01 1 110 38 

ea driver’s brake valve and steam cock... eve 0 5 ill 1il1l 4 117 3 

9 brake cylinders, including piston leathers ose al > 0i1l1 2 ol 7 , 23 @ 

ae steam and air pipes, includiug renewals of hose couplings ... 2 12 10 211 2 5 4 0 

Miscellaneous repairs not included in above headings... ood 0 4 2 1 16 10 a 

. Totals , © 8 13 10 1515 7 
Carriages : 

Repairs to triple valves... —... i" “dl eve .@.2 ® .6.% 0 6 4 

*6 brake cylinders, including piston leathers 3 6 0 i we, 419 7 

ee pipes, including renewal of hose pipes ... z= 3 1 83 6 9 4 

= rake gear (exclusive of brake bioek) wie 2 ae. 5 17 ill 8 4 11 

Miscellaneous repairs not included in above headings 112 1 9 0 .. = 

Totals 10 14 2 12 7 ll se 3 

Grand totals for engines and carriages eve 17 14 ll oo = 88 17 8 














Altogether it will be seen that the recent experi- 
ments on the North-Eastern Railway were of great 
interest, the arrangements for securing trustworthy 
data being excellent, and the absence of hitches of 

* Vide ENatxxxRina, Table VII., page 395, vol. xxvi._ 


cost comes out at 8s. ].1d. per engine, and 1s. 4.4d. 
per carriage for the nine months. Inasmuch, how- 
ever, as 159 of the iages and 12 of the engines 
were fitted with the brakes in the course of the 
period referred, the average cost per engine and 
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vehicle in actual service would, of course, be higher 
than this, or probably about 9s. per engine and 2s, 
pervehicle. In any case, the cost is extremely low, 
and all interested in railway working are indebted 
to Mr. Drummond for the trustworthy and very 
complete information which he has afforded. 








THE TOWER BRIDGE. 

Few Private Bills have in recent years excited so 
much public interest and so keen a contest as the 
Tower Bridge Bill now before Parliament. The 
length of the inquiry before Lord Henry Lennox 
and his Committee in the House of Commons is 
sufficient evidence of this fact. Mr. Pope, Q.C., 
the leading counsel for the Metropolitan Board of 
Works, who are the promoters of the Bill, opened 
his case as long ago as the 15th of May, and the de- 
cision of the Committee has not yet been given. 
Some delay it is true has arisen from the indignant 
refusal of the Committee to proceed with the inquiry 
until the authors of an impudent and unprecedented 
attempt to tamper with the Committee and dis- 
credit the impartiality of their finding had been 
summoned to the bar of the House to answer for 
their conduct. But even excluding the adjourn- 
ment for this and for other necessary purposes, the 
Committee have sat about 25 full days, examined 
115 witnesses, and listened to seven or eight long 
speeches of counsel. 

The importance of a Private Bill is very fairly in- 
dicated by the names and number of the Parlia- 
mentary counsel retained. In the present instance 
Mr. Pope, Q.C.; Mr. Bidder, Q.C.; and Mr. 
O’Hara appeared for the promotors, whilst the army 
of the opponents was led by Sir Edmund Beckett, 
Q.C.; Mr. Clerk, Q.C.; and Mr. Hardman for the 
Thames Conservators; Mr. Venables, Q.C., and Mr. 
Jeune for the Corporation ; Mr. Littler, Q.C., and 
Mr. Lumley Smith for the wharfingers; Mr. 
Vaughan Richards, Q.C., for the Tower Subway 
Company ; Sir Mordaunt Wells, Q.C., Mr. Pember, 
Mr. Clarke, Mr. Maclean, and Mr. Chandos Leigh 
forsundry other opponents ; and Mr. Saunders and 
Mr. Pembroke Stephens for thatimportantand much- 
interested body the General Steam Navigation Com- 
—. If the Committee fail to arrive at a right 

ecision it can hardly be from lack of counsellors, 
for in the above list are included the leader of the 
Parliamentary bar and nearly all the most ex- 
perienced of its members. Nor does this list exhaust 
the whole of the legal talent engaged, since the 
Parliamentary agents and solicitors would be even 
more numerous than the counsel. 

Hardly second in importance to the lawyers in a 
ease of this sort are the engineers. The Board of 
Works, of course, entrusted the conduct of the 
fight to their engineer-in-chief, Sir Joseph Bazalgette, 
C.B., and he was supported by his usual colleagues, 
Messrs. Law and Chatterton, and by Mr. Bramwell 
and Mr, B. Baker. The opponents brought forward 
Mr. Hutton Gregory, Mr. Henry Vignoles, Mr. 
Wolfe Barry, Mr. Stileman, Mr. Peter Barlow, Mr. 
Leech, Mr. Horace Jones, and some others. Alto- 
gether the promoters called thirty-nine, and the 
opponents seventy-six witnesses, and representatives 
of all classes of interests were included in this 
formidable list. 

It is hardly necessary to say that the block of 
traffic on London Bridge enforced public attention 
to the question of further accommodation some 
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years In 1867 the City Police Commissioner 
repo: that the daily traffic over London Bridge 


included about 20,000 vehicles and about 170,000 
passengers, and as the bridge is only 54 ft. in total 
width it is no matter for surprise that it was choked 
at times. In consequence of a resolution of the 
Board of Works, Sir Joseph Bazalgette reported 
on the subject of a new bridge on the 10th of De- 
cember, 1877, and the present scheme is the out- 
come of the discussion, As to site, Sir Joseph told 
the Committee he found no difficulty whatever, as 
there was, in fact, but one site available, and the 
City authorities and all other responsible authorities 
were agreed that Little Tower Hill, on the east 
side of the Tower, was the only point where a 
practicable approach could be obtained. 

Far more difficult than site was the question of 
headway, for the engineer at once dismissed from 
consideration the alternative of an opening bridge 
with the consequent constant and interminable in- 
terruptions of road traffic. On the Surrey side the 
ground lies low, so that the headway given to the 
bridge is the exact measure of the height the horses 
will have to drag their loads up the incline. After 
the most careful and anxious balancing of the con- 
flicting interests of road and river traffic, it was de- 
cided to give a clear headway of 65 ft. above high 
water, and to require vessels of a greater height to 
strike their topmasts when passing under the bridge. 
Returns for eleven months were obtained of the 
number of vessels passing above the site of the 
bridge, and it appeared from these that 77 steam 
and 26 sailing vessels, making respectively 975 and 
55 voyages, would require structural alteration 
before they could pass under the bridge at all, 
whilst 77 steam and 545 sailing vessels, making re- 
spectively 400 and 906 voyages, could get under by 
striking their topmasts, and 74 steam and ]31 sailing 
vessels, making 1119 and 309 voyages, would pass 
under as they are. The conflict of evidence of the 
different ‘‘ Captain Cuttles” as to the inconvenience 
and time required for striking topmasts afforded the 
chief material for the usual ‘light comedy” portion 
of the inquiry. 

No question could be raised as to the importance 
of both road and river traffic, and the only point 
admitting discussion was whether the engineer had 
unfairly favoured one at the expense of the other. 
The wharfingers contended that as competition was 
very keen between them and the docks, the incon- 
venience of striking topmasts 4000 or 5000 times in 
the year would be sufficient to drive the ships to the 
docks, and the wharf property would be depreciated 
at least three or four millions sterling. The inference 
was therefore that the headway should be sufficient 
to clear the tallest ships, or say at least 110 ft. On 
the other hand some of the opponents ridiculed the 
idea of asking carters with heavy loads to climb to a 
height of 65 ft. up a gradient of 1 in 40, when a 
low-level bridge was available within a reasonable 
distance. It is not unreasonable to conclude that 
as both parties grumbled a fair compromise had been 
effected. 

To eliminate the disadvantages of the spiral incline 
of 1 in 40 as much as possible, it was proposed to lay 
down iron tramplates for the ascending traffic, and 
the engineers for the promotors contended that 
the resistance to traction, say, 14 lb. for friction 
and 56 lb, for gravity, or 70 lb. per ton in all, 
would not be greater than the average resistance 
on a level macadamised road. Opposing engineers 
disputed this statement, and said the resistance on 
the latter would be only 40 lb., but they were im- 
perfectly informed on the matter, for the average of 
1064 observations by Macneil on seven miles of road 
in London gave an actual draught of 107 lb. per ton, 
and an equivalent draught on the level of 8] Ib. per 
ton, whilst the average of the almost innumerable 
experiments of General Morin on the resistance of 
vehicles of all kinds on metalled roads in France 
in all states of repair gave 70 lb., and the aver 
of Dupuit’s results at a more recent date nearly 
the same or 67 lb. per ton. Mr. Bramwell’s con- 
tention that as Parliament would never think of 
interfering with the construction of a bridge because 
the approaches, though level, were to be macada- 
mised, it could not logically object to the 1 in 40 
gradient with tramplates, was therefore substantially 
correct, 

As regards type of structure, comparative designs 
and estimates were made of bridges in one an 
more spans, and it was finally decided to fight for 
the scheme illustrated on page 49 of our present issue. 


It will be seen that a practically level soffit}s main- | 4p. 


tained over about 600 ft. of the channel, and that the 





river is unobstructed by piers, the bridge being in one 
span of 850 ft. The pr as ag errs consists of a 
~~ of steel arched ribs of lattice construction, 

aving a depth of 16 ft. at the centre and 18 ft, at 
the springing, and a rise of 108ft. Between the 
ribs is a roadway carried on steel girders aad buckle 
plates for carriages, and outside are a couple of 
footpaths each 12 ft, wide carried on steel canti- 
levers, 

At the site of the bridge the ‘l‘hames Conservators 
require a clear channel of 200 ft. only, to be left for 
vessels going up and down to the moorings on either 
side, so that the practical advantage of a level soffit 
across the entire width of river would probably be 
insignificant, whilst the architectural and economical 
advantages of the arched form under the given con- 
ditions of low springing and good foundations are 
undoubtedly great, ‘The majority of engineers 
would, we think, be prepared to endorse 
statement in evidence, that if the question were sub- 
mitted to a committee of big bridge-builders they 
would, apart from the question of headway, con- 
cerning which opinions might legitimately differ, 
agree that Sir Joseph Bazalgette’s bridge was the 
right one for the place. No one, engineer or other- 
wise, could say that the type could be surpassed as 
a framework for grand and monumental architectural 
treatment, and as regards economy and facility of 
erection no fault can be found with the design. The 
estimated cost of the bridge itself (290,000/.) is after 
all only a small proportion of the total cost of the 
scheme (1,400,000/.), so it would be an error of 
judgment to treat the design purely from a mathe- 
matical point of view, or to consider the problem 
was simply to obtain the maximum carrying capacity 
at the minimum cost. 

For some years past the Board of Works engineers 
have adopted 140 lb. per square foot as the load 
which cou/d come upon public bridges, and the same 
load has been taken in the present case, It never 
would occur of course, and the adoption of this 
excessive load is really only another way of recogni- 
sing the difference in destructive effect of a live load 
as compared with a dead load, since although 
instead of reducing the unit strain upon the metal 
the assumed load is increased, the result is the same. 
For the floor girders the rolling load assumed was 
a trolly of 24 tons on four wheels having a wheel 
base of 4 ft., and for the cross girders a distributed 
load of 100 1b. per square foot on the area sup- 
ported, plus a load of 15 tons at the centre. The 
unit strain upon the steel in these portions is 7 tons 
per square inch tension and compression, and upon 
the arched ribs the same strain in tension and 
74 tons in compression. The weight per foot run of 
the entire bridge loaded is 230 cwt. made up as 
follows: Rolling load 75 cwt., steel 135 cwt., 
paving 20 cwt. For obvious reasons the engineer 
of a Board having an unlimited supply of money 
would avoid giving a chance to opponents to 
criticise his estimates, and both quantities and 
prices were therefore taken on the most liberal 
scale. Thus a considerable percentage was added 
to the calculated weight of steel and the price 
was taken at 33/. per ton erected, although at 
the present time the plates would cost only 11/. per 
ton, and all conditions for manufacture and erection 
were favourable, 

A few words only will be required to explain the 
mode of erection. It has been stated that a clear 
channel of 200 ft. only is obligatory for navigation, 
and there would be no objection, therefore, to the 
erection of staging over the remainder of the river. 
Gantries consequently are proposed to be carried 
out from each bank to within 250 ft. of each other, (see 
opposite page) and py this staging the two halves of 
the bridge are to be built, and pushed forward across 
the navigation channel until they meet, due provision 
being made for obtaining the proper initial strain 
when the arched ribs are finally closed, Far greater 
weights have been dealt with in this way, and as one 
of the witnesses remarked, no engineer with a repu- 
tation to lose would venture to say that Sir Joseph 
Bazalgette’s bridge could not be built with the 
most perfect facility and for the estimated sum. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig Iron Market.—At the opening of the market 


d | last Thursday there was a little more briskness, but prices 


subsequently weakened, and the close showed but little 
change. Iron hands during the forenoon at 40s. 5d. 
down to 40s. 34d. cash, and at 40s. 6d. one month, and at 

close there were buyers at 40s. 3d. cash, and 40s. 5d 
one month, and sellers asking 1d. per ton higher. Trans- 


The afternoon quotations were 40s. 24d. 





exp 
+ | line will be opened 
traffic. 


actions{ took place in the afternoon at 40s. 4d. eight days, 
and 40s. 5d. one month, and the closing prices 
40s. 4d. cash, and 40s. 6d. one month, and 1d. per ton less 
for buyers. Business was done on Friday morning at 
40s. Sh. to 40s. 4d..cash, and eight days, also at 40s. 5d. to 
40s. 54d. one month, buyers at the close offering 40s. 3d. 
and 40s. 4}d. cash, and one month respectively, and sellers 
holding out for 1d. more. In the afternoon there were 
traxsactions at 40s. 3d. cash, sellers remaining at that 
price, and buyers offering 40s. 24d. Monday again brought 
about a ow almost to the lowest point yet touched, 
business being done down to 40s. 1d. and 40s. 1}d. cash, 
and at 40s. 3d. one month, buyers at the close offering 
4is. 1d. cash, and 40s. 3d. one month, and sellers ve 
near. There were transactions in the afternoon at-40s,2}d. 
and 40s. 3id., and buyers at the close offering 40s. 2d. cash, 
and 40s. 4d. one month, sellers asking 1d. more per ton. 
Yesterday’s market was stronger, and prices were from $4. 
to ld. dearer. In the morning business was done at from 
40s. 2}d. to 40s. 3d. cash, the market closing with sellers 
at 40s. 3d. cash, and 40s. 6d. one month, and buyers offer- 
ing 40s. 2}d. and 40s. 5d. cash, and one month Cony ene by 
d 40s. 3d. cash, 
and 40s. 4$d. one month. At the close sellers held out for 
40s. 34d. cash, and 40s. 54d. one month, buyers offe: 1d. 
per ton less. The warrant market was firmer this fore- 
noon, when business was done at 40s. 34d. and 40s. 4d. 
cash, also at 40s. 6d. to 40s. 64d. one month, closing rather 
buyers at the top prices, and sellers asking 1d. per ton 
more. Firmness was also the rule in the afternoon— 
buyers at 40s. 4d. cash, and sellers asking 49s. 5d. There 
is still very much despondency regarding the prospects of 
the pig-iron trade in the immediate future, and even lower 
— are confidently anticipated on some hands. It is 
oubtful, however, if production will be maintained should 
prices be further depressed. The general demand has been 
ra A dull during the past week, and there will be an exceed- 
ingly limited amount of interest taken in business during 
the next ten days or fortnight, on account of the occur- 
rence of the Glasgow fair holidays, which affect a large 
portion of the surrounding districts. Large quantities of 
pig iron still continue to go into the public warrant stores. 
Up till last Friday night the amount with Messrs. Connal 
and Co.-was 280,042 tons, showing an increase for the 
whole of 1840 tons. There are still 90 blast furnaces in 
actual operation as against 96 at the same time last year. 
Last week’s shipments of pig iron from all Scotch ports 
amounted to 5619 tons, as compared with 7151 tons in the 
corresponding week of last year. 


Clyde Iron Works.—Owing to the continued depression in 
the iron and coal trades, Messrs. James Dunlop and Co., of 
the Clyde Iron Works, have given intimation of a reduction 
in the wages of their emplo: The following is a copy of 
the intimation, which was issued last Saturday : ‘‘ Notice. 
—A general reduction at the rate of 3d. per day will be 
made on the wages of all workmen connected with Clyde 
Iron Works and Collieries as from and after July 24, 1879. 
—Clyde Iron Works, July 12, 1879.’’ This isthe first general 
reduction since the September of last year, when, owing to 
a! strike of the furnacemen against the proposed reduction, 
the furnaces had to be damped down for a fortnight. No 
action has as yet been taken by the men, but it is con- 
sidered that they will quictly submit. The average wage 
earned by the colliers is at present from 2s. 8d. to 3s. per 
day ; in some parts of Lanarkshire, however, the wage is 
said to amount to no more than 1s. 10d. per day. In man, 
cases the miners are not getting more than four days’ wor 
per week. 


The Lead Mines at Wanlockhead.—For some time past 
the demand for lead has almost ceased, and large quantities 
of lead ore have been accumulating at the Duke of Buc- 
cleuch’s lead mines at Wanlockhead, to; the value,, it is 
said, of from 60,0001. to 100,000. There is amongst the 
miners and smelters a serious apprehension that the mines 
and smelting works will soon be closed if there be not an 
improvement in trade. 


Burntisland Dock and the North British Railway Com- 
pany.—Negotiations are at present in progress with a view 
to the management of the dock being vested to a certain 
extent in the directorate of the North British Railway 
Company, but the Town Council are most unwilling to 

le to a proposal for the poe See of a joint com- 
mittee of town councillors and railway directors. The 
are willing, however, to acquiesce in a proposal to see 
Parliamentary powers for a further loan not exceeding 
30,0001. to be be pen ge in improving the harbour. The 
shipment of at the port now amounts to about 
400,000 tons per annum, all of which is brought from the 
Fife and C n Collieries over the North British 
Railway system, indeed, during the half year just ended 
the shipments were fully more than 200, tons. 

One of General Wade’s Bridges.—The old bridge of 
Invercauld was some time ago pronounced unsafe, and has 
been closed against carriages and other wheeled con- 
veyances. It is one of General Wade’s structures, and 
was formed when the Government road was made through 
Braemar to Perth, shortly after the battle of Culloden 
(1746). Extensive repairs, renovations, and alterations, 
are to be made this season. 


Kelwin Valley Railway.—On Thursday last Major- 
General Hutchinson, on behalf of the Board of Trade, 
officially inspected the extension part of the Kelvin Valle 
Railway, running from Birdstone Junction to Maryhill, 
through the districts of Torrance, Balmore, and Summer- 
ston, and joining the Helensburgh main line at a point 
800 yards west of hill Station. At the close of the 
inspection, which included the testing of a fine iron 
spanning the Kelvin at Summerston, General Hutchinson 

ressed hi satisfied with the various works. The 
on an early day for passenger and goods 
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ON THE COMPOUNDING OF LOCOMOTIVE 
ENGINES.* 


By M. ANaTouE MALxzT, of Paris. 


(Concluded from page 19.) 

Compounding of Ewistin Locomotives. —Enough has 
perhaps been said on the building of new compound loco- 
motives ; and the alteration of —_ ye to the com- 
pound system will now be considered. The simplest method 
is generally to retain one of the original cylinders as the 
high- ure cylinder, and to replace the other by a new 

e of larger diameter for expanding; the steam and ex- 
haust pipes are suitably re-arranged, and a starting valve 
and fin «wom valve are added; while the whole of the 
— mechanism is retained for the large cylinder. 

e first engines altered in this way were two powerful 
locomotives, one a passenger engine on the Paris and Orleans 
Railway, and the other a goods engine on the Northern 
Railway of —— \ 

Northern ilway of Spain, Goods Engine.—The ar- 
rangement of this altered engine is shown in Figs. 11 to 
13. The old cylinders were 17} in. diameter, and 234 in. 
stroke ; of these the right-hand one has been replaced by a 
cylinder of 23% in. diameter, which was as la @ size as 

engine frames would allow to be got in; the ratio of 
the two piston areas is therefore 1.86 to 1. The exhaust 
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ipe from the small to the large cylinder is made to take a 
ong winding course, so as to get as large a capacity of 
receiver as possible, amounting in this case to 1.69 times 
the capacity of the small cylinder; by the same means 
also the pipe has about 20 square feet of surface exposed to 
the heat of the smokebox. As the alterations were required 
to be made in the simplest and least expensive manner 

ssible, the arrangement of the two link motions to work 
independently of each other has not at present been carried 
out in this engine, which is the more to be regretted as it 

mted no special difficulties ; but it can be done at any 

ture time. The reducing valve has been fitted with a 
spring to prevent any violent shocks in case of its acting 
too quickly ; anda spring safety valve has been fixed on the 
starting-valve chest, to avoid excessive compression of the 
steam when working reversed. The sew work has been 
supplied from Creusdt, and fitted at the railway company’s 
shops at Valladolid ; the alteration should be about com- 
a at the present time, and the engine ready for work. 

he principal dimensions of the engine as now altered are 
given in the Table appended (vide page 18 ante). 

Paris and Orleans Railway, Passenger Engine.—Prior 
to the opening of the Bayonne and Biarritz Railway, one 
of the pound | tives built for that line been 
worked for several weeks, at the beginning of 1877, on a 
branch of the Orleans Railway; and in consequence of 
these trials it was decided, on the recommendation of M. 








Forqaenot, locomotive and carriage superi t of the 
Orleans Railway, to alter this com dwg sy + e 
No. 210 to the compound system. to the 
hibition and various other circumstan 
took a long time, and could not be completed till the end of 
1878. The engine is of the class now exclusively employed 
on the Orleans Railway for the Lara traffic, both ex- 
press and ordinary; having outside i oe and eight 
wheels, the four middle ones being coupled, while the lead- 
ing and trailing are carryin wheels. Similar engines, 
originally built with only six wheels, are now being altered 
to eight by the addition of a pair of trailing w , as has 
been done in the ey ees am. In respect of 
wer the engines are of two , one cylinders 
of 16}in. diameter, and the other of 17} aay 4 both the 
stroke is 25$in., and the coupled wheels are 6 ft. oe 
diameter ; the boiler pressure is 1201b. per square inch in 
the earlier engines, but in the later has been raised to 
130 Ib. 

The cylinders of No. 210 engine were 164 in. diameter ; 
the right-hand one has been replaced by a cylinder 213 in. 
damene. A starting valve with reducing valve has been 
added, and the exhaust pipe from the small to the large 
cylinder takes a turn inside the smokebox, so as to geta 
capacity of about 1.33 times that of the small . cylinder. 
The two link motions have not been altered to shift inde- 











quired at once to do the same work as the more powerful 
engine having 17}-in. cylinders and higher boiler pressure. 
Thus the compound engine, with the aang 
object of utilising to the utmost the expansion of m, 
was placed in the singular position of having to work with 
the least amount of expansion possible. For the purpose 
of comparing the effects of expanding in a pair of single 
cylinders, or in two cylinders compounded her, the 
total e ion in the two cases ought to have been 
= ly the same ; but this was not so. The expansion 

ing measured by the ratio of the final volume of the steam 
to its initial volume, the final volume in the compound 
engine is that of the large cylinder alone, while in the ordi- 
nary engines it is the joint volume of the two simple 
cylinders. ‘ns, if the final volume in the compound en- 
gine be represented by 1.00, the final volume will be 1.17 in 
the ordinary engines with 16}-in. cylinders, and 1.28 in 
those with 17j-in. cylinders. Hence, if we take a cut off 
at 55 per cent. of the stroke in the small cylinder, the grade 
of expansion would be 3.11 in the compound engine, as 
against 3.64 and 3.98 in the ordinary engines ; while a cut- 
off at 75 per cent. would give a grade of 2.28 in the com- 
pound engine, as against 2.67 and 2.92 in the others. 

In spite of this disadvantage, it has been found that when 
working with a cut-off at about half stroke the compound 


| locomotive shows a decided economy over the ordinary en- 



















































































pendently, owing to some difficulty from the position of the 
weigh-shaft, which is here underneath. 

On agg bogs engine to work, serious difficulties were 
met with. The stroke of the redacing piston valve bein 
too short, the valve struck very violently against the en 
of its cylinder, notwithstanding that a buffer spring was 
afterwards inserted. Moreover (probably from the omission 
to provide a safety valve for reverse working) the cylinder 
of the reducing valve has been broken, so that it can no 
longer be used; and the only resource has been the 
throttling of the steam port of the large cylinder by means 
of the starting valve itself. This failure of the reducing 
valve has been vexatious in every way. Owing to the ex- 
cessive pressure thus brought on the back of the starting 
slide valve, the area of which is nearly 175 square inches 
there is great difficulty in shifting this valve by hand, and 
some delay thus arises in changing from direct to compound 
working, which prevents getting up speed so quickly. 
Moreover, as the initial pressure in the large cylinder is no 


longer — automatically, the intended equality of 
ara on both sides of the engine is not properly main- 
tain 


Since the beginning of the present year, this altered 
compound engine has run in regular working about 12,000 
miles, which would have been quite enough to settle the 
question of the economy to derived from compound 
working, had the engine continued to perform only that 
t of work for which its of 16}-in. 





.* Paper read before the Institution of Mechanical En- 
gineers. 





origi - 
cylinders were intended. Unfortonttele, jowever, owing 
to the exigencies of the traffic, the altered engine was re- 
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gines doing the same work: which consequently prove 
that less steam is consumed in expanding, say, 3.11 times 
in two cylinders on the compound principle, than in ex- 
ding 3.64 and 3.98 times in the ordinary simple cylinders- 

t may therefore fairly be assumed that, if the compound 
locomotive expanded also 3.64 or 3.98 times, its advantage 
would be proportionately ter. Unfortunately, with the 
sizes of the cylinders in the compound engine, a cut-off at 
half stroke in the smaller would not admit of the engine 
taking trains of more than 100 to 120 tons over the part 
of the line worked by it, whereas the regular trains weigh 
from 150 to 160 tons. The compound engine has therefore 
had to be worked for the greater part of the time with a 
lower grade of expansion, and -sometimes even with the 
boiler steam admitted direct into the larger cylinder. Under 
these unfavourable circumstances no economy has been 
obtained with the compound engine; but the fact that 
even thus its consumption of coal has not been appreciably 
higher than in the best of the ordinary engines performing 
the same amount of work seems to show a definite advan- 
tage in favour of compound working. In addition it must 
be borne in mind that the altered engine was not fitted with 
independent gear for the two link motions; and also that 
in its ordinary working there was a considerable drop of 
pressure in the receiver between the two cylinders, and that 
the large cylinder was consequently doing far less work than 
it ought todo. This is shown in the me ee indicator 


diagrams, Figs. 5 and 6, which have m taken very 
recen decent engine whilst worki —_ trains be- 
tween Paris and Orleans. The removal of these defects, it 
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will be seen, cannot fail to result in a decided advantage in 
favour of the compound locomotive. The author believes 
this improvement is about to be effected, and that the ex- 
periments will then be continued in a way which will admit 
of a more accurate comparison. The results of these he 
will have much pleasure in communicating to the Insti- 
tution. 

Conclusions.— The compound system affording a simple 
and effective means of expanding, that expansion should be 





back to back by two thin metal plates, by which the steam 
ressure is plan te 4 from a consid extent of their 
od oad The t 


y each govern three ports, and are so 
arranged that, when the foremost ports are uncovered, 
boiler steam enters the small cylinders, from which the 


exhaust passes back underneath the regulator slides into 
the large cylinders, the engine then working compound. 
On the con 
covered, the boiler steam is 


» when the hindermost ports are un- 
admitted direct to the large 
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59 
further extended ; and its success he is satisfied would be 
speedily assured, if a thorough ical trial were made on 
one of the English railways. attention drawn to the 


the | subject through its consideration by the present meeti 


cannot but tend to the advancement of the question ; 

the request which the author has had the of re- 

ceiving ~ 9 the Cane of A pos a to girinte 
present communication is not o gratifying 

himself, as evincing the interest felt in the subject, but 
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carried to a high degree, and for this purpose cylinders of 
large size must be used. In new engines this can easily be 
done, as shown in Figs. 7 to 10. In Figs. 7 to 9 are 
shown three different arrangements of inside and outside 
cylinder passenger engines, with cylinders of 16}in. and 25 in. 
in diameter, and 6 ft. driving wheels. In Fig. 10 is shown 
an outside cylinder goods engine, with 19in. and 28in. cy- 
linders for 4ft. 3in. coupled wheels ; the cylinders would 
here be inclined slightly, to raise them higher from the 
rails. It will be seen that in the outside cylinder engines, 
both passenger and goods, the width between the centre 
lines of the two cylinders would not be greater than in the 
existing engines, namely 6 ft. 10 in. to 7 ft. ; it would only 
be necessary to bring the inside frames slightly closer 
together. 

he application of the compound system to existing loco- 
motives is much more difficult ; if some engines lend them- 
selves readily to the change, this is by no means the case 
always. In Figs. 14 and 15 is shown an arrangement de- 
signed some time ago by the author, presenting some novel 
features in the details, and intended to meet the views of 
those who are bent upon symmetry in a locomotive. The 
— cylinders are here retained to act as the large cy- 
linders, and on the front end of each is placed a smaller 
cylinder receiving the boiler steam direct. Among the 
peculiarities of the design is the mode of connecting the 
two piston rods ; the solid piston rod of the large cylinder 
is prolonged through a tube extending the whole length of 
the small cylinder, and outside this tube works the hollow 
piston rod of the small cylinder, the two rods being secured 
together at the front or outer end. By this means the 
stuffing-box that would otherwise have to be placed between 
the two cylindersis removed to the outer end of the smallone, 
where it can be readily examined and lubricated ; it is made 
either with the ord gland and packing or with white 
metal. The regulator is made of two slide valves coupled 























locomo- 
tive, the small cylinders not then coming into action ; they 
are not, however, pumping air into the boiler, their front 
and back ends being simply in open communication through 
the ports under the regulator slides. When the slides are 
in their middle position, all the ports are covered, and the 
steam is excluded from all the cylinders. The regulator 


cylinders, and the engine works like an ordi 


thus serves at the same time both as an ordinary tor 
and as a starting valve; so that in this four-cylinder 
engine there is only one handle to be moved, ins of the 
= ogg in the compound locomotives having only two 
cylinders. 

This arrangement has been designed for engines in which 
the cylinders are not in front, but in the middle, between 
a coupled axle and a carrying axle, as in some of the 
Belgian and French passenger engines’; it would be equally 
applicable to bogie engines in which the cylinders are not 
Pp on the bogie or Bissell truck. The alteration of 
existing engines in this way would cost less than replacing 
one of the original cylinders by a larger. In resorting to 
the use of four cylinders, it will generally be found pre- 
ferable to keep to two sets of mechanism only, as in the 
arrangement just described; nevertheless there are cases 
in which, for reasons independent of the mode of using 
the steam, it may be advisable for each cylinder to have 
its own separate driving gear, as in the Fairlie and Meyer 
engines and others. Such engines the author has lon 
been of opinion seem peculiarly adapted for the compoun 
system, by which the steam would be better utilised with- 
out‘any new complication being introduced. 

The question of compound working need not be farther 
enlarged upon in the present paper, in which the author’s 
aim has been to describe what already been done by 
himself in this matter, in the hope of eliciting in the dis- 
cussion the opinions and experience of the er 
sent. The author is convinced that the system will be 





is also a strong encouragement to his efforts in this direc- 
tion. 





CHINA AS A FIELD FOR FUTURE "73 
RAILWAY ENTERPRISE. 
By G. James Morrison, M.LC.E. 

In the following notes will be found some information 
which may prove interesting to those who look upon 
China as a great field for future engineering enterprise. 
My position as engineer and general manager of the 
Woosung Railway gave me many opportunities of judging 
of the feelings of all classes of Chinese, while my subse- 
quent travels ithe interior have given me a fair know- 
ledge of the country. 

I do not propose to give any history of the Woosung 
Railway, but in these few preliminary remarks I wish 
to explain the matter so far as to show that it would be 
unfair to draw any general conclusion regarding the 
attitude of the Chinese towards railways from the action 
of the officials in this particular case. 

The original Woosung scheme was proposed by some 
merchants in Shanghai, who knew that a direct applica- 
tion to Pekin for power to make a railway would be met 
with a distinct refusal, but who hoped by obtaining the 
goodwill of the local authorities, by purchasing the neces- 
sary land at a fair price, and by carefully respecting all 
private rights, they might be allowed to construct a 
railway without opposition, and once constructed, 
it — t be allowed to remain, and eventually to be ex- 
ten 


Messrs. Jardine, Matheson, and Co., and their friends 
were from the first the mainstay of this scheme, snd were 
determined to give it a fair trial. In 1875 they associated 
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themselves with Mr. Dixon, who, with Mr. Rapier, was 
at the time maturing a scheme for presenting a railway 
to the Chinese Government. A contract was soon made, 
and on the Ist of July, 1876, the first railway in China 
was opened for public traffic. 

Meantime the tocal officials had been changed, and the 
chief magistrate of the district was by no means friendly 
to the scheme. 

The opposition of the authorities took such a shape that 
it was impossible to disregard it. Eventually it was 
arranged by Li Hung Chang, who at the time was acting 
as plenipotentiary for the Chinese Government, that the 
matter should be compromised by the sale of the line to 
the native authorities. The details of this scheme had to 
be settled with Shen Pao Chen, viceroy of the province, 
and he had also to find the money. This officer considered 
himself to have been personally slighted both by the rail- 
way company and by his brother viceroy, Li Hung Chang, 
and though he behaved in no niggardly spirit as regards 
the amount of the purchase money, he was unyielding in 
his determination to clear away every trace of the line, 
and the arrangement, though satisfactory enough as re- 
gards the pockets of the shareholders, was fatal to the 
existence of the railway. 

Seeing that Shen Pao Chen considered himself to have 
been personally slighted, it must be clear to any one that, 
although his action cannot be cited as a proof of his 
friendliness to railways, it cannot, on the other hand, be 
considered as any indication of opposition to them in 
general, but only of his dislike to this particular scheme. 

But though the idea that he had been slighted, gives a 
complete explanation of the viceroy’s conduct, it by nomeans 
follows that the course of action pursued by the company 
was in any degree improper or even imprudent. It must 
be admitted that they had no right to insist on being 
allowed to construct a railway, any more, for instance, 
than a parish authority could insist on repairing a county 
bridge, but there is not the slightest ground for charging 
them with trying to deceive or hoodwink the authorities. 
H. E. Kwo, the ambassador accredited to England, so 
far from seeing in the action of the company any real 
ground for the course pursued by Shen Pao Chen, 
strongly urged him to abandon his intention of destroying 
the line. 

The company, as they often stated, attempted to 
insert the small end of the wedge, and if the end was 
too smal] and broke off, it should be remembered that a 
larger one could not have been inserted at all. On the 
whole, in spite of the irritation caused to certain officials, 
I believe the railway has advanced the cause of progress, 
and miay yet be rewarded for having tried to introduce 
railways into China, 

Among the difficulties in the way of the introduction 
of railways into China, there have been included the 
superstitious objections of the people to a novel invention, 
which they would suppose would interfere with their 
good luck; and a dislike to anything that would injure 
the graves of their ancestors, as railways in certain 
parts certainly would do. These difficulties are by no 
means imaginary, but they are comparatively of such 
trifling importance that it is quite unnecessary in a 
paper like this to say more than that they have not been 
overlooked. 

It has further been urged that the Chinese do not care 
about quick travelling, and that in their canals they have 
a means of transport better suited to the needs of the 
country than railways. As regards the first statement, 
the number of natives who travel by steamers instead of 
by junks, and who hire small swift boats on the canals, 
instead of using the slower and cheaper passenger boats, 
are proofs that the objection is without foundation, while 
the statement regarding canals cannot be treated generally, 
but must be discussed in each particular case, and I shall 
refer to it further on. 

The real obstacle to the introduction of railways into 
China is that the Imperial Government does not want 
them. This might seem a fatal objection, and would 
indeed be such, were it not that on this point the Govern- 
ment does not by any means represent the feeling of the 
people nor even of all the individvals of its own body. 
it is well known that among the highest class, there is a 
party of progress, a y which is getting stronger every 
day, and which is fully alive to the fact that China can no 
longer remain in her present isolated condition, and that 
great and radical changes must take place, and many 
western improvements, including railways, be introduced 
if the Chinese are to hold even a respectable place among 
other nations. 

The aim then of any body of men interested in the de- 
velopment of China should, in my opinion, be to fall in 
with the views of this party so far as they are reasonable, 
to try to correct them where they are crude and impracti- 
cable, and generally to strengthen the hands of the party 
by keeping constantly before them, and by educating 
them to understand, some reasonable and practical pro- 
posals which, if carried out, would have a fair chance of 
success, and by tryirg to restrain them from carrying 
out ill-advised schemes, which although formed with the 
best intentions are likely to end in failure and to bring 
their promoters into disgrace. 

The party of progress openly expresses the view that 
the mineral resources of the country ought to be de- 
veloped, and that the means of intereommunication should 





be improved by the construction of roads and railways. 
So far no doubt their views are sound, but they consider 
that as they have iron, coal, and other minerals in abun- 
dance, the proper plan is first to develop their mines, 
and then with their own materials to construct their own 
railways. With this object in view they have in fact 
embarked in one or two small enterprises. They have, 
it is true, placed the management of the work in the 
hands of most capable men, but the whole theory of the 
administration is that only sufficient machinery, &c., 
should be brought to start these small undertakings 
which they hope will eventually transform China into a 
great producing country. Tosay that this method was 
followed by England is to my mind the strongest argu- 
ment against it. China is centuries behind England now, 
and if this plan be adhered to, she will constantly remain 
so. Where would the iron trade of the United States 
have been if that people had not at first made a free use 
of English iron for their railroads to open up the country ? 
There cannot be the slightest doubt that if China wishes 
within the lifetime of the present generation to develop 
her mineral resources, she ought to begin by making rail- 
ways, rot merely local lines for the use of particular 
mines, but main lines to open up the country. I make 
this statement advisedly. I think mining enterprises 
ought to be set on foot ; I know that even at present coal 
mines, if situated near a port, could be worked profitably, 
but I feel certain that every step that is taken in the 
direction of the raising and manufacture of iron and steel, 
will place the promoters in greater and greater difficulties, 
and they will find out too late that systems which are 
commercially successful in a highly-civilised country are 
utterly unsuited to one where 20 miles a day is the ordi- 
nary rate of travelling. 

When I talk of railways as necessary for the develop- 
ment of mines, I do not mean that they would always be 
employed for the carriage of minerals for long distances. 
Water carriage would in many places compete success- 
fully on account of cheapness, but railways increase the 
power of doing business, and enable as much to be done 
in a day as could without them be done ina month. In 
fact, railways would convert China into a country where 
mineral business on a large scale could be conducted 
profitably, while at present much of the trade is in the 
hands of a body of men who, as a rule, do not deserve to 
rank much higher than village blacksmiths, 

It would be mere waste of time to say anything in a 
paper like this on the general advantages of railways, 
but I have thought it well to give the above outline of 
the arguments I have employed with Li Hung Chang 
and other mandarins, when trying to persuade them that 
even as regards the success of mining enterprises, rail- 
ways on a considerable scale ought to precede mines, and 
ought not to be subordinate to them. 

This brings us naturally to the question of money, 
for financial arrangements suitable for opening up a few 
mines are utterly inadequate for providing the necessary 
capital for the construction of main lines of railway. 

It is unquestionable that the Chinese can easily borrow 
money at a rate that would enable them to construct 
railways profitably, and moreover that so long as they 
continue to expend this money honestly in such works 
their borrowing powers would increase instead of di- 
minish, but it is clear that any loan must be secured 
by direct decree of the Imperial Government, the 
interest must be payable in sterling or its equivalent, and 
the capital instead of being returned in two or three 
years must be repaid gradually by drawings spread over 
a lengthened period, so as not to oblige people to be con- 
stantly looking out for new investments. The exact 
rate of interest would depend upon whether, in addition 
to the pledging of the imperial credit, the loan was 
secured by the customs revenue, by the railway receipts, 
or by other definite sources of income, but without de- 
scending to details it may safely be said that the Chinese 
Government have only to say that they want money for 
railways, and to state that they are prepared to negotiate 
the loan on reasonable terms, and the money will be 
provided. 

Unfortunately the views of the Chinese Government 
on this subject are diametrically opposed to those of 
western nations. Though most regular and trustworthy 
in all money matters, they are recklessly ruining their 
credit by the issue of paltry little loans, to be repaid in a 
few years, and fenced about with such absurd restrictions 
as to necessitate the payment of a high rate of interest to 
induce any one to take them up. 

At present they are acting the part of the spendthrift, 
always imagining that if they have a small sum for a few 
years, they will be able to tide over their present diffi- 
culties, to repay the loan, and to keep clear of debt for 
the future, and they prefer calling these sums, which 
they borrow, temporary loans, and paying a high rate of 
interest, to calling them national debts and borrowing at 
reasonable rates. 

When they come to see that these temporary loans are 
the first steps towards national bankruptcy, while im- 
perial loans for expenditure on reproductive works are 
the bases of future prosperity, then there will be some 
hope of railway schemes being undertaken on a grand 
scale, and I am, therefore, of opinion that every oppor- 
tunity should be taken of instructing the authorities in 
a sound system of finance. , 





With most nations the difficulty is to prevent them 
from borrowing too much, with the Chinese the difficulty 
is to induce them to borrow on a scale commensurate 
with the necessities of the case. For the Government to 
attempt to develop the country by undertaking mining 
operations on a scale that would be insignificant in the 
case of a private company is simply ridiculous. The 
empire can only be opened up by railways on a very con- 
siderable scale, and of very sabstantial construction. 

The light and cheaply-constructed line so useful in a 
newly settled colony would be quite out of place in 
China. That country is not at all in the position of New 
Zealand or Australia. She is densely populated, and 
there has for centuries existed an envrmous trade car- 
ried on by sheer force of numbers in the face of the most 
appallingdifficuities. It has indeed been urged that the 
very existence of such trade proves that the canals and 
rivers are sufficient for the requirements of the case, and 
that although a few local lines might be useful, railways 
on a grand scale would be a curse instead of a blessing 
to the country. 

That these views should be held by Chinese who have 
never seen the railways of Europe, and by Europeans 
who have seen little of the inland waters of China, is 
perhaps natural; but in my opinion these views are 
founded on an entire misconception of the subject. When 
I tell them that I have travelled up stream on main 
routes of commerce at the rate of 70 miles per week as 
the crow flies, that I have seen rivers where cargo boats 
cannot go singly, but are forced to go in fleets of 15 or 20, 
all the men in the fleet combining to pull each boat in suc- 
cession up the several rapids, When I tell them that I 
have seen boats lying in the Grand Canal, which had come 
in with cargo, and had been detained for years for want 
of water to go out, most of them will admit that the 
present system is not perfect. In the case of the Grand 
Canal, where the shallowness in dry seasons is caused 
more by the waste than the want of water, much might 
be done to improve the present means of intercommuni- 
cation, and in such a case I should admit that the ad- 
vocates of canals had something to say in support of 
their views, but I consider it to be no argument against 
a railway of, say, 700 miles, from Hankow to Canton, that 
it would run parallel to an existing and much-used line 
of inland navigation (broken only by a short land journey 
of 30 miles at the watershed) by means of which the 
journey can now be accomplished in six weeks. The 
rivers will always carry a certain amount of traffic, 
chiefly of the least remunerative description; but in 
China, as elsewhere, there is an immense amount of pas- 
senger and valuable goods traffic which will fly to rail- 
ways at once, and lines to carry this satisfactorily must 
be substantially constructed, and very fully equipped 
with rolling stock of all sorts, Special capital on a 
considerable scale must be raised for this purpose, and 
this can be done most cheaply by borrowing on the foreign 
market. It would be impossible for the Chinese to carry 
out such works by means of their ordinary income eked 
out by a few temporary loans. 

It will be seen from what I have said that I do not at 
present contemplate the possibility of the Government 
granting concessions. It seems probable that whatever is 
done will be done by the Government directly. Still no 
one can be quite sure what turn affairs may take, and in 
any case when the time for action comes it will be useful 
to know what are the particular schemes which best 
deserve the support of foreigners. I trust, therefore, 
that a few remarks on this special subject may prove in- 
teresting. 

In order to collect information on this point I have 
made three journeys into the interior, in the course of 
which I have travelled over 2000 miles, on foot, or in 
native boats or conveyances, journeying right through 
the country from Canton to Pekin, and overland nearly 
the whole length of Formosa. In addition to this I have 
made several short excursions in the neighbourhood of 
Pekin, Tientsin, and other treaty ports, and I have 
availed myself of every opportunity of conversing with 
officials, both native and foreign, and in short have done 
my utmost to make myself acquainted with the cha- 
racteristics of the country, and the feelings of the 
various classes of inhabitants. Although, therefore, I do 
not wish to speak dogmatically on such an important 
subject, I may fairly say that no one has had better op- 
portunities of forming an opinion. 

First as to main trunk lines. Of all the places I have 
visited, the line of country which appears to me most 
suitable for a main trunk railway, is between Canton 
and Wuchang (fu) (the city on the south side of the 
Yangtse, immediately opposite Hankow), a length of about 
700 miles. What may be called the main route from 
Canton to the north, passes over the Mei ling into the 

rovince of Kiangsi, and leads by the Poyang Lake to 

iukiang. Considered only as a route from Canton to 
Pekin, this might be best, but when local traffic has to be 
considered, I am decidedly in favour of the route by 
Wuchang. The route I suggest is north from Canton to 
Shao Chow (fu), which is situated in an extensive coal- 
field. The coal is bituminous, and though most that has 
yet been worked is of poor quality some is good. Thence 
the line would keep a little to the west crossing through 
the range of mountains in the north of Kwang Tung 
province by a gorge immediately to the south of Icheng 
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(hien). This gorge would present considerable engineer- 
ing difficulties, but when the expense of this short 
piece is counted in with the cost of the whole line the 
average will not be high. Between Icheng (hien) and Chen 
(chow), the water parting has to be crossed, but presents 
no difficulties worth mentioning. The pass is called the 
Che ling, and is not more than 1200 ft. above the sea. 
After this there is a rather rough route as far as Lui 
Yang (hien), and thence an easy route along the valley 
of the Siang past Chang Sha (fu) to Wuchang (fu). The 
line would traverse the immense coalfield of South 
Hanan, where fully half a million of tons per annum 
must be produced at present. This field produces some 
excellent anthracite near Lui Yang, and some magnificent 
bituminous coal near Yung Hing (hien), which up to the 
present time has been worked toa limited extent. There 
are also extensive deposits of iron ore in this district. 
Stone, lime, clay, coal, and almost every requisite for 
railway building, are found all along the route, and the 
trade at Chang Sha in timber from the south-west of 
China is already very large. Great quantities of tea, of 
Canton goods, and of produce and manufactures of every 
sort, both native and foreign, would be carried by this 
line immediately it was opened. The very great quantities 
that are already carried over the pass on mules, or by 
men, at the rate of two days for the wholelength of thirty 
miles, show that proper means of communication are 
wanted. To give some idea of the places which would be 
served by such a line, I may mention Siang Tan (hien), 
a large and populous city, with a river frontage of over 

4 miles, crowded with river craft, and Tsing Shui Pu, 
a village inhabited wholly by coal merchants, each in a 
small way of business, but whose wharves stretch along 
the river nearly three miles. I-feel certain that there is 
no undeveloped country in the world where a railway is 
more needed or would prove more remunerative. 

Of equal if not greater importance from a commercial 
as well as from a political point of view, is a line to con- 
nect Pekin with some port open during the winter. Pekin 
is the capital of the empire, and in addition to its own 
special trade, it may fairly be calledthe Chinese terminus 
of the great trade routes to Mongolia and Russia. No 
doubt a large amount of the goods are at present trans- 
ferred from boats to camels, or vice versd, at Tung Chow, 
14 miles from Pekin, and do not pass through the city, 
but it is almost needless to state that whatever point in 
the Pekin district be chosen as the terminus of the rail- 
way system of China, that point will become the terminus 
of the trade routes to the north, until such time as rail- 
ways are extended towards Siberia. 

Tientsin, the present port of Pekin, is closed by ice for 
more than two months every year, and no sea-port open 
during winter can be reached without crossing the Yellow 
River. <A river which varies in breadth from some 300 
yards to two miles, which sometimes floods large districts 
to a depth of 20ft., and which 27 years ago entirely 
changed its course, and now flows into the sea at a point 
some 270 miles distant from its former mouth, is not an 
obstacle to be spoken of lightly, still it is by no means an 
insuperable one. I have examined this river from Kaifong 
(fu) to Tsinan (fu), a distance of 225 miles, and there are 
undoubtedly many points where it could be crossed 
with safety, and even with ease. <A scheme for a rail- 
way from Pekin to Chefoo has been suggested by Mr. 
Fergusson. One argument in favour of this line is that 
the local traffic in Shantung would evidently be large 
and remunerative, but on the other hand Chefoo is cer- 
tainly not a first-rate winter port. Another proposal is 
to run a railway approximately along the line of the 
grand canal to the Yangtse at Chinkeang. This scheme 
I always looked upon with great favour until I had 
examined it personally. The country, particularly to- 
wards the southern end, is very low, and liable to be 
flooded to a great depth. There are, not merely short 
lengths, but hundreds of miles, without a stone, a tree, 
or a particle of fuel except straw, and a good railway 
would consequently be troublesome to make, and ex- 
pensive to maintain, but the great objection is that 
the country is purely agricultural, the cities are small 
and miserable, and the prospects of local traffic very 
much less than in any other portion of China which I 
have visited. There are still some other routes, but as 
T have not yet examined them personally, I shall only 
say that while I believe a line from Pekin to a good sea- 
port to be one of the most important in the empire, I 
refrain at present from giving a decided opinion in favour 
of any particular route. 

Secondly, as to locallines. These should be in the neigh- 
bourhood of Tientsin, Canton, or Shanghai. Without 
doubt the best local line would be from Tientsin to 
Pekin, 80 miles. The journey is at present accom- 
plished in two days very hard travelling by land, or 
three days by boat to Tung Chow, and thence 14 miles 
by land to Pekin. I am firmly convinced that a single 
line could not carry the traffic for three years. There 
would be the Grand Canal to be crossed by an opening 
bridge, and three streams by short viaducts. The 
country is low, but a bank of a very few feet would make 
the line safe against inundations, and though the absence 
of a single stone would involve some trouble and expense 
in the construction of a really good line, it may be safely 
said that there are few lines so free from difficulties. 
As regards revenue, there might be so much goods 





traffic as to be remunerative without passengers, and so 
many passengers as to be remunerative without goods. 
At Pekin the Tartar city is 12 square miles in area, the 
Chinese city is nearly as large, and the total population 
at least three-quarters of a million. Within less than 
twenty miles west of Pekin there is the commencement of 
a most extensive coalfield. In this field I have seen ex- 
cellent coal sold at the pit’s mouth for a dollar a ton, 
while at Pekin it cost eight or nine dollars, and there is 
abundance of steam coal here which has been declared 
by engineers, who have tried it practically in steamers, 
and by Dr. Percy, who has tested it chemically, to be 
equal to any in the world. A railway to Pekin would 
soon stretch into this coalfield, and in fact if the Govern- 
ment ever undertook the construction of this line them- 
selves, or permitted its construction by others, it is difficult 
to see how eyen the grossest corruption, or the most 
disgraceful mismanagement, could prevent its being a 
great success, 

The other line in this district is from Tientsin to 
Taku, 30 miles. As a continuation of the Pekin and 
Tientsin line, it has all the elements of success, but as an 
independent line it is principally to be commended as 
giving an opportunity to the higher mandarins of seeing 
a real railway, and as eventually leading to a Pekin line. 
As an independent line it would have many difficulties 
to contend with. One of the great obstacles to the 
Tientsin trade is the Taku bar; but this lies altogether 
outside the river. After vessels have crossed this, either 
with or without discharging part of their cargo into 
barges, great part of their difficulty is over, and it will 
require great care and skill on the part of the railway 
authorities in the conduct of their traffic, to enable them 
profitably to carry goods at such low rates as to induce 


\and must be arranged with the Im 





shippers to land their goods at Taku instead of letting 
the steamers take them on to Tientsin, as they do at 
present in about six hours. 

I fear, therefore, that the result will be rather dis- 
appointing to those who expect alarge goods traffic, still 
the receipts from passengers will be so large and the 
advantage of having a railway near Pekin so great, that 
if the line is ever seriously proposed by the Chinese au- 
thorities, as in all probability it will be before long, it | 
deserves the cordial support of all foreigners. 

Near Canton there would be a splendid opportunity for 


into details as regards both, I will corfine my remarks 
to the one I most approve of, viz., that by Woosung. 

The whole country is about the level of extreme high 
water, and part of it is subject to slight inundations, but 
rarely more than a foot orso indepth. The line would 
cross 160 creeks and watercourses, and I have measured 
the nearest existing bridge over each of them. The 
Woosung Creek would be crossed nearly two miles nearer 
the mouth than any existing bridge, so an opening span 
might be required, but it would be small and seldom 
used. Next to that the most important creek is at 
Taitsan, but it is already crossed by a bridge 33 ft. span 
and 20 ft. above water level. Most of the other creeks 
can be crossed by very small bridges. It will thus be 
seen that when the matter is closely examined the canals 
descend from the rank of engineering cbstacles, to mere 
annoyances which will interfere with the contractors’ 
temporary roads, and slightly retard the construction of 
the lines. 

The numerous paths present much greater difficulty. 
There are no real roads in China, and consequently the 
traffic, which in any other country would be concentrated 
at a single crossing, is here met with at every few yards, 
and the difficulty is increased by the country being 
divided into an immense number of small holdings. It 
will probably be necessary to construct roads parallel to 
the railway and give crossings at a few places only. 
To close all the paths would certainly lead to the destruc- 
tion of the railway by the people, to leave them open 
would be equally certain to lead to the destruction 
of the people by the railway. The subject is difficult 
rial Government, 
who can no doubt find a solution to the question if they 
wish to. 

There is not a stone of any description to be found on 
the route, but granite in the form of stones for building, 
or chips for ballast, can be had near Soochow. 

As regards receipts I can give no statistics, such things 
are not to be obtained in China, but a single trip along 
the main canal from Shanghai to Soochow, with a walk 
through the latter city, is enough to convince the most 
sceptical that the traffic must be very great. The only 
example we have to refer to is that of the Woosung Rail- 
way. This little toy line with two engines and twelve 
carriages earned 4s. per train mile, and its gross receipts 


making a line of 13 miles, between Fatshan and Hwa Ti’ from passengers only for the first and only year of its ex- 


or Fa Di, close to Canton. The creeks between these 
places swarm with cargo and passenger boats, and in the 
morning and evening hundreds of slipper boats, as they 
are called by foreigners, are to be seen taking passengers 
at express rates to and from Canton. These boats carry 
two passengers and have three rowers, and though the 
fare is many times larger than in the ordinary passenger 
boats the merchants pay it willingly for the sake of the 
speed. Thecountry is quite flat, the line would be cheap, 
and the traffic immense, 

In the neighbourhood of Shanghai two lines have 





been proposed, one from Pootung, opposite Shanghai. 
to Hangchow (fu), 143 miles along an existing sea 


bank. The arguments in favour of this line are that! 


there would be no rivers or canals to cross, no land of 
any value to be taken, and consequently it is thought 


there would be little opposition to its construction, while | Li Hun 
there would undoubtedly be a very large through traffic. | Pekin 
The objections I see are that ease in construction is more ' 


istence were more than 11 per cent, on the price at which 
it was sold to the Chinese, a price which covered all the 
cost of construction and all the preliminary expenses. 
connected with the establishment of the first railway in 
a new country. It is certain that a good line properly 
equipped would prove a remunerative concern from the 
first day of its existence. 

It may be remarked that I have not mentioned 
famines, nor the effect of railways in alleviating 
such calamities. It is not from any doubt as to the 
extent of the late distress, I have travelled through 
part of the district, and I have witnessed horrors which it 
even now makes me shudder to think of. It is not from 
any doubt that great part of the distress was caused by 
the want of proper means of intercommunication. In 
addition to my own observations I have the report by 

Chang and Shen Pao Chen, published in the 
‘azette of 3rd of July, 1878, which states: “ As 
regards Shansi in particular, the cause of the distress lies 


than counterbalanced by the fact that on one side there! not in a scarcity of supplies, but in the length and diffi- 
is no land, and on the other side not a very rich country ! culty of the routes to be traversed, the scarcity of beasts 


to supply local traffic, and that if the Imperial Govern- 
ment gives its consent to railways, value of land or any 
detail of that sort counts for nothing, while the through 
traffic, together with an immense amount of local traffic, 
could be secured by constructing a line from Hang- 
chow through the rich silk districts, to join a Shanghai 
and Soochow railway. The other railway which I think 
would give splendid results is from Shanghai to Soochow. 
This railway is characteristic of lines through the great 
plain of China where canals are numerous, and for the 
sake of future reference I may give a few particulars. 

In China all boats have movable masts, but in the 
case of large boats, lowering these is a work of difficulty, 
consequently where a railway is carried over a river or 
over the great line of inland navigation, partly natural 
and partly artificial, called by Chinese the Yun Ho, and 
by foreigners the Grand Canal, an opening bridge must 
be introduced. In almost all other cases the creeks or 
canals are already crossed by bridges, and by taking a 
little care in selecting the route, it is astonishing how 
few bridges of importance would be required. 

There are two routes for a railway from Shanghai to 
Soochow. One is direct about 55 miles through a busy 
town called Naziang,* the other is more circuitous, about 
68 miles, passing by Woosung, and the cities of Kading, 
Taitsan, and Quinsan, These cities are not so important 
as they were before the rebellion, still they are centres 
of trade, and, I think, it is an argument in favour of the 
latter line, that it places Woosung (a point on the 
Shanghai river below the bar) on the main line between 
Shanghai and Soochow. The slightest expression of 
opinion on the part of the authorities should turn the 
scale in favour of either route, but as it is useless to go 





* These names are spelt in accordance with local pro- 





nunciation. 


of burden, and the excessive rates charged for porterage.” 
As stated previously, I assume that it is unnecessary to 
bring forward arguments in favour of railways in general, 
and as regards particular lines it is clearly my duty to 
recommend those which I think will be useful in 1885, 


‘and not those which would have been useful in 1875. I 


do not intend for a moment to say a word against rail- 
ways in Shansi, It is a rich mineral province, and if a 
large proportion of the inhabitants were connected with 
mining trades, and the railways which took iron to the 
coast could take corn up to the poonle, a failure of crops 
would cease to be an overwhelming calamity. But such 
general statements might be made by any one who had 
never seen China, and are entirely out of place in a paper 
whose only claim for consideration rests on the fact that 
it is founded on personal observation of the country and 
its people. 

I wish it to be clear that, except in the few cases where 
I have commented upon alternative routes, nothing that I 
have have said in favour of any line must be considered 
to imply opposition to any other line which I have not. 
mentioned. 

Of the eighteen provinces of China there are nine which 
I have not yet visited. When I have somewhat extended 
the area of my knowledge, I may be in a position to 
string together the numerous and valuable observations 
of other travellers, and write an exhaustive treatise on a 
general system of railways for the Chinese Empire. I 
only hope that the course of events during the next few 
years may be such as to make such a treatise worth 
writing or worth reading. 
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FOREIGN AND COLONIAL NOTES. 

American Tools in Europe.—A great deal of the ma- 
chinery used in Russian arsenals has been imported from 
the United States. Mr. W. Sellers, of Philadelphia, has 
furnished some, and Messrs. Pratt and Whitney shipped in 
April, to the Bureau of oomemns of the Russian 
Government, a large invoice of tools, including lathes, 
planers, drills, milling machines, screw machines, grinding 
machines, &c. This firm has also sold the British Ad- 
miralty a milling machine and planer, and some combina- 
tion lathe chucks. 

German Cast-Iron Forts.—New solid iron fortifications 
at the mouth of the Weser, in the north of Germany, have 
just been finished. There are three forts containing nine 

1-centimetre guns and 10 revolving turrets, ecoummnenatiig 
15 guns of 15 and 28-centimetres calibre. These solid iron 
structures havea total weight of 7650 tons, present convex 
and oval fronts tothe enemy, and are able to resist the 
heaviest artillery known. ‘The loopholes open at the 
moment of firing, being ordinarily pro by oval valves 
ef the same solid material. Both batteries and turrets 
are provided with ventilating apparatus and hydraulic 
éngines for working the guns. . 


A Result of the Centennial.—Three years since a Phila- 
delphia engine-building firm had not a single customer out- 
side of the United States. Within the last year, however, 
it has filed orders for India, Germany, France, England, 
and Australia, and its export trade is attaining such 
dimensions that a large manufactory in the interior of Penn- 
sylvania is now kept exclusively at work on foreign orders. 


American Coal for Europe.—Drawings and plans for a 

contemplated addition to the fleet of steam colliers belong- 
ing to the Philadelphia and ing Railroad Conmeey 
have been nearly completed by Messrs. Archbold and ; 
marine ineers. r. Gowen, president of the Philadel- 
= and ing Railroad Company, proposes to build 
our colliers which are designed to oper up an American 
eoal trade with the Mediterranean. tt is no secret that 
Mr. Gowen has gone to E to solicit a loan from 
English capitalists ; and one object on his part in securing 
money is the construction of P steel steam 
colliers. Mr. Gowen is said to have great faith in the 
idea that a profitable market exists on the Mediterranean 
for American coal. . 


Russian Railways and Russian Metallurgy.—The in- 
fluence of railway communication on the development of 
metallurgi industry, which in other countries been 
so great, is in Russia only insignificant. In England and 

the manufacture of cast iron has increased two- 





fold and threefold with the extension of railways. In 
Rassia there were 32} miles of railway and a production of 


226,320 tons of cast iron in 1850, while in 1875, although 
the length of railways had increased to 10,819 miles, the 
production of cast iron was -_ 375,800 tons. Such a 
result, in view of the inexhaustible metallic wealth of the 
Ural, and the great wealth in coal and iron of Finland, the 
province of Olonetzk, the Caucasus, the Don, and the basin 
of the Molan, can only be explained by defective railway ad- 
ministration. 

Rouwmelian Railways.—As a result of recent railway 
negotiations at Vienna, it has been determined that the 
Government of the province of Eastern Roumelia and the 
Government of Bulgaria shall continue the Roumelian rail- 
way line from Sarambey to Nish. With this view, an ex- 
amination has recently been made of the earthworks 
between Sarambey and Sofia which the Turkish Govern- 
ment constructed before the war. The length of the exten- 
sion from Sarambey to Nish, on the Servo-‘l'urkish border, 
is about 165 miles. The Vacarel section offers the chief 
engineering difficulties on the projected line, on account of 
ow broken nature of the ground, especially near Trajan’s 

ates. 


Iron and Steel in France.—The production of pig iron 
in France remained to all intents and purposes stationary 
last year as compared with 1877, showing an increase of 
only 1420 tons. The total amount produced was 1,508,246 
tons, most of which came from the Meurthe-et-Moselle. 
rn | oy = with the aid of coke is greatly in demand, 
and is driving out charcoal pig and mixed sorts. Of manu- 
factured iron only 681,675 tons were produced in 1878 as 
compared with 745,045 tons in 1877, and from 10,000 tons 
to 20,000 tons more during the years 1872-4. All the great 
iron works in the country are maintaining an expectant 
attitude, relying on the things promised by the Frey- 
cinet system of public improvements. The falling off of 
68,379 tons in the production of iron last year was amply 
= for by an increase of 35,880 tons in the make 
of steel. 


Measuring the Recoil of Guns.—An apparatus for 
measuring the recoil wd ap during the first instants after 
their charge, has lately been brought before the French 
Society for the Encou ment of National Industry, by 
M. Sebert. It is termed a velocimeter, and consists essen- 
tially of a strip of flexible steel soot-blackened on its upper 
surface, and capable of being pulled in a horizontal slide 
by a steel wire connected with the gun on the carriage. 
Above it is a tuning-fork (with arms el in horizontal 
direction) kept bee | ——— is can be de 
so that a small steel style on one of the arms comes in con- 





tact with the strip, and as the strip is pulled along in the 
motion of recoil, the style produces a wavy trace from 
which the velocity of recoil at each moment can be accu- 





rately deduced (the rate of vibration of the fork being 
known). M. Sebert adds to the apparatus certain pieces 
whereby the duration of course of projectiles, either in the 
bore or in the air, can be exactly measured at the same time. 


Locomotive Building in New Jersey.—The three loco- 
motive shops at Paterson, New Jersey, are employing from 
1500 to 1800 men, and if the Rogers Works were not tem- 
porarily — (owing to a recent fire), that single con- 
cern would have in its employment nearly or quite 1200 
men. The Danforth Works probably have the t 
force. The last orders received at Grant’s from the New 
York, Lake Erie, and Western Railroad Company have 
been executed with the exception of eight engines yet to be 
delivered ; but the works are in expectation of orders from 
the same source for 20 passenger engines in addition. At 
Danforth’s the work in hand will keep things running to 
their full capacity until the usual new start in the autumn. 
The Manhattan Company—late Metropolitan, Limited— 
have ten engines in course of execution on order, besides 
which there are engines building for various parts of the 
United States. The total deliveries within the last four 
months are exactly double what they were in the corre- 
sponding months of 1878. 

Prices of American Rolling Stock.—While it is evident 
that American | tive builders are hard at work, em- 
ploying a full complement of men and turning out engines 
in unwonted numbers, they complain oioveuie of the low 
prices received, both for engines and cars. This is mainly 
accounted for by the sharpness of competition, rival estab- 
lishments putting in bids at prices which, in former years, 
would have been considered ruinous. Some of the best 

ines are made now for 6500 dols. each, such as would 
have cost 14,000 dols. before the panic of 1873. As re- 
marked by one gentleman representing a large concern, 
‘* Cars are fearfully low—good box cars, of the same kind, 
made before the war 650 dols., bringing now only about 
400 dols.’’ A partial explanation of the general low price 
of engines is afforded by the low price of labour and raw 
materials. On the other hand, careful observation shows 
that 2000 days’ work are required to make a locomotive at 
the shop, even after getting flues, wheels, axles, &c., made 
ready to hand outside. Altogether, it might be said that 
4000 days’ work are expended on a first-class engine. That 
present prices are very low is obvious. 











Meat Transport BY Ratu.—In the article on this sub- 
ject, published in our last issue, we omitted to mention 
that the wagor. exhibited by Colonel W. D’Alton Mann, 
at the recent Kilburn Show, was built by the Ashbury 
Railway Carriage and Iron Company, Limited, Openshaw, 
Manchester. 
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MAXIMUM BENDING MOMENTS UPON 
A BEAM. 

By Tuomas ALEXANDER. , 

Let a beam supported at both ends be loaded with 
any number of unequal weights, retaining the same 
order upon the span and at any fixed distances each 
from each ; which load as a whole is capable of as- 
suming all possible positions, (The wheels of a 
locomotive engine are such). ; 

One end of the span O is <>. P is the upward 
supporting force at O. . -++ Wr... 
We are the loads in order u n the span. G is the 
centre of gravity of the total load. 2 cis the length 
of span. Let any cross section of the beam meet 
the neutral axis at a distance ¢ from O. 

' 
wit a 


a Ri a 
1. When avy weight W, is over that cross section. 
Let abscissa of W, be a, 
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and the bending moment 
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3. Again, let load shift through a small interval 
(—38) in the opposite direction. Then, 


#, becomes 2,—8 
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That is for any cross section whose abscissa § lies 
between oom) —— 
202 (W) 2c and 21.20. 
STW) ™ SIw) 
The bending moment M; is a maximum when the 


weight W, is directly over the cross section. 
ence the span may be divided into x “fields,” 
commanded respectively by W,, W, . - Wa; and 
a maximum bending moment occurs at any point of 
span when the weight commanding the field in 
which that point lies is directly over the point. 
4. To find the value of & in field commanded by 
W,., for which the value of My will be a maximum. 


Put 
ont Mt_3(W] (20-2) _3 wig 43_srtw)+ 
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That is, when W,, being in its own field, is as 
far from the centre of span upon one side as G, the 


- 3 is negative, 








centre of gravity of load is upon the other, the 


um moment in that field occurs at 
that point. For each field in which the last condi- 
tion is ible, there is a maximum, provided fi 


always that all the weights remain on the spa 
When a gw can roam ry ane its i without 
any of the others going off the span, I say it can 
* overtake its field” “ 

Note that it is not necessary to know the fixed 
distances between the weights, but only their 
amounts and order of disposition in order to divide 
the a into fields, - to determine the maxima 
in the fields respectively, it. is necessary 
these dines. Wika weight fails to overtake a 
portion of its field on account of a weight going off 
the span, it may be necessary to redivide the 
span into fields yes ym to the reduced 
number of weights and examine the remaining 
portion ; however, it is generally only necessary to 
calculate the maxima for a few fields near the centre, 
as one or other of these will be the maximum, 

It is interesting to notice the bending moments at 
the junction of two fields. 





LIGHTING BY ELECTRICITY.—No. II. 
DyNAMO- ELECTRIC MACHINES, 

In our last article* we described generally those 
forms of electric generators that were successfully 
applied to the production of the electric light in the 
early days of its development, commencing with the 
production of electricity by voltaic batteries and 

ing to those mechanical generators which 
erived their currents by induction from permanent 
magnets; we shall, in the present article, refer 
more particularly to that very interesting and far 
more important class of electric generators to which 
the term dynamo-electric is now almost universally 
applied, and which, dispensing altogether with per- 
manent nets, induce their currents from electro- 
magnets which are excited by those same currents 
being caused to circulate, in whole or in part, around 


em. 
In the beginning of the year 1867 was announced 
to the Royal Society, simultaneously by Dr. C. W. 
Siemens and the late Sir Charles Wheatstone, the 
eat discovery independently made by Dr. Werner 
Renee and by Sir Charles Wheatstone of the re- 
action principle of magnetisation by which a war 
powerful electric current may be generated throug 
the building up of the effects of action and reaction 
taking place between an electro-magnet and a mag- 
neto-electric inductor revolving in its magnetic field, 
and included in the same circuit.+ This great disco- 
very, which is by far the most important in con- 
nexion with the history of electric illumination 
that has been made since Faraday’s classical dis- 
a ge magneto-electric induction, is also claimed 
b . S. A. Varley and by Mr. M. G. Farmer, 
of the United States Torpedo Department, but 
the question of priority of discovery or invention 
must in history be determined by the date of 
its being made public, there being no other satis- 
factory criterion, Judged by this standard the 
merit of priority must be accorded to Dr. Werner 
Siemens, who announced his discovery to the Berlin 
Academy of Science a month before it was described 
at the Royal Society, and, as far as this country 
is concerned, the claims of Sir Charles Wheatstone 
and Dr. Siemens are equal, although the paper of 
Dr. Siemens was received b the Society ten days 
before that of Sir Charles Wheatstone was sent in. 
The term dynamo-electric is now applied generally 
to all those machines which produce a current of 
electricity by the conversion of dynamic or 
mechanical energy into electric force through the 
movement of some of their parts in the neighbour- 
hood of others, They are magneto-electric machines 
so far as is implied by the fact that the first minute 
charge, from which their powerful currents are 
ultimately developed, is induced from the feeble 
residual magnetism which all iron more or less 
possesses, and which may be caused or modified by 
the influence of terrestri etic induction. But 
even if both of these could be entirely eliminated in 
the first instance, we are of opinion that in any 
dynamo-electric machine there would still always be 
present a germ which would be developed into a 
powerful electric current if the armature were 


| rapidly rotated. The smallest difference of electrical 


potential between one part of the circuit and another 
would give rise to a current in the wire, and that 
current, however small, must alter the magnetic 
* See ENGINEERING, vol. xxvii., page 513, 
+ See ENGINEERING, vol. xxiv., page 307, 
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considerable magnitude from pri charges which 
are practically infinitesimal,-so a 3 0-electric 
machine in rapid rotation induces coms well-ni 

infinitesimal currents the ‘rivers 


One of the first practical machines f 
duction of the electric light on the dynamo-electric 
principle was the very beautiful continuous current 
machine of M. Gramme, which was brought out in 
Paris in the year 1871, and was introduced into this 
country at the close of the following year. The 
Gramme machine differed from all other generators 
ager 7 constructed most conspicuously in the 
orm of its rotating armature or electrical inductor, 
which consists of a ring of iron covered with insu- 
lated copper wire, which is wound in such a way 
as to give to it the a ce of a flat bar electro- 
magnet bent round into a circle, its two ends beiag 
united together. The wire was not wound in one 
continuous length, but in a number of eections all 
connected together, so as to form a closed circuit, 
each section at the same time being connected to a 
commutator of a form which appears to have been 
adopted in nearly all the pac ao that have suc- 
ed it. Fig. 3 represents a Gramme armature 
ly in section and 'y dissected, so as to show 
its principle of construction. The inner ring or core A 
is made of a continuous length of iron wire wound 
into a solid circular hank upon a wooden form or 
mould attached to a lathe, and which is removed 
when the ring is complete; the wire while it 
is being coiled through a bath of a bitu- 
minous substance, which binds the whole to- 
gether, as well as tends to insulate the convo- 
lutions of the wire, whereby the cross currents 
within the core are reduced to a minimum, mag- 
netism is more rapidly accomplished, and the lines 
of etic force wi the ring are maintained 
parallel in direction to the convolutions of the iron 
wire and therefore with the annular axis of the 
ring. Around the iron wire ring so formed are 
wound a series of lengths of insulated 7 wire, 
one of which is shown at the lower the Br. sng 
marked B. These coils of insulated wire, or induc- 
tion bobbins as they are called, are wound close 
together, and the pera asco ends of each adj 
pair of coils are joined together and to a metallic 
strip or conductor R R, there being as many of 
these conductors as there are coils wound on the 
ring. The opposite ends of these conductors are 
metallically connected to as many insulated copper 
strips arranged side by side around a circle, so as to 
form sectors of what is called the commutator 
a which the metallic collecting brushes 
are by means of springs and screws. These 
brushes are composed of copper wire electro- 
plated with silver, and their object, by forming a 
rubbing contact between the internal and the ex- 
ternal circuits of the ring, is to offer a passage for 
the currents induced in the coils of the armature, 
so as to enable them to be used for doing ex- 
erWhon each ring is passing 
en such a mounted on a spindle 
through its axis of figure, and rotated in vn 4 
plane in a magnetic field produced b 
magnetic poles remorse | op 
electric currents are induced in 
external circuit were 


two o 
to one ba omy 
ts coils which, if no 
rere provided, would be equal in 
strength and opposite in direction, and would there- 
fore neutralise one another, but by placing collecting 
conductors in suitable positions the two opposing 
branches of the current unite and flow out toge 
fo: 1 ed oe their combined 
. © diagram, Fig. 4, serve to 

the electrical action of the Gramme aed ty N 
and S are two magnets having their dissimilar poles 
i) to one another, and ates a magnetic 

d between them, within which is rotated 4 ring 
of iron which is wound with an endless coil of in- 
sulated wire. If now it be supposed that those con- 
wee which wo be age Bc: sexy vee of 
the ring are stri of their insulating coverin 
and against the denuded wires so produced two fixed 
springs or brushes X and Y are caused to press ‘at 
points A and B at opposite ends of a diameter which 
is perpendicular to the line passing thro the 








* See ENGINEERING, vol. xxiii., page 
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64 
axes of the magnets and the centre of the ring, and 
wires forming part 
to X and Y, then the following phenomena will 
take place. In the first place portion of the 


iron ring to which the north pole is presented will 
assume by induction south polarity, while at the oppo- 
site side to which the south pole is presented, north 


B 





Fie. 3. 








polarity will be induced. The ring may therefore be 
regarded as made up of two semicircular horseshoe 
electro-magnets with their similar poles joined to- 
gether in a line with the axis of the magnets, and as 
these magnets are fixed the polarity of the ring is also 
fixed with regard to space whether the machine is in 
motion or not. The effect however of rotating the 
ring is to cause each point in succession around the 
ring to be brought under the inductive influence of 
the magnets N and S, which has precisely the same 
effect as if waves of magnetic force were constantly 
travelling round the ring in the reverse direction to 
that in which the ring is turning, and a correspond- 
ing series of waves of electricity would be induced 
in the wire surrounding it, and there would be no 
change of effect if the iron portion of the ring were 
fixed and the coils of wire surrounding it were 
caused to run round it, But while the iron ring 
plays this important part in the phenomena, it is but 
one of the causes at work, for a still more important 
action is taking place between the lines of force within 
the magnetic field and the convolutions of the coils 
of the induction ring. As the lines of force con- 
stituting the magnetic field of the two magnets form 
a series of elliptic arcs joining their two poles (as 
may be seen in the well-known illustration of 
sprinkling iron filings on a sheet of paper placed 
between two magnets in the same relative position) 
it follows that not only do a large proportion of 
those lines of force lie within the iron ring, thereby 
causing it to become strongly magnetic, but the 
convolutions of the induction coils, attached as they 
are radially’ to the ring, are moved during its 
rotation. within the magnetic field in directions per- 
ndicular to a large percetitage of those lines of 
Seen, and therefore in a way especially advanta- 
us to the induction of magneto-e!ectric currents ; 

is is illustrated by the diagram Fig. 5. Now when 

a closed solenoid or coil of wire is made to approach 
the north pole of a et a current of electricity is 
“induced in it, which is in the reverse direction to that 
induced in a similar coil approaching a south pole. 
In the rotation of the Gramme ring between the 
magnets in the direction shown by the arrow 
(Fig. 4) the coils surrounding one-half the ring 
ve induced in them a positive current, while 
those coiled on the other half of the ring are 
~traversed by a negative current. When the ex- 








ternal circuit between the rubbing springs X and 
of the external circuit be attached | Y is open, the two currents in the coils being 

and ite neutralise one another, but when 
connexion is made between X and Y the 


currents unite and flow out into the external circuit. 
In this 
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voltaic batteries joined together by their similar 
poles. Fig. 6 represents two voltaic batteries 
ezand c' z' of equal power connected together in 
this manner, and, for the sake of making the analogy 
to the ring more close, they are shown as if the cells 
of each battery were arranged in a semicircle. As 
long as the external circuit remains open as at X 
the current produced by one battery will neutralise 
that of the other, and no work will be going on, 
but the moment that the circuit is closed at X then 
the currents from the two batteries unite so as to 
produce an external current equal to the sum of the 
two. 

In the earliest form of the Gramme machine, such 
as that which was first introduced into this country 
inthe year 1872, M. Gramme mounted three rings 
upon one spindle, each revolving within the magnetic 
field of two very large rectangular electro-magnets. 
One of these rings supplied the current by which all 
the electro-magnets were excited, and the other two 
were united so as to produce the external or useful 
current, but in the newer and far more powerful 
machines this arrangement is superseded, there 
being but one induction ring, and the coils of the 
electro-magnets are included in the circuit, the whole 
of the current traversing them. Fig. 7 represents 
the best known form of the modern Gramme ma- 
chine, such as is used for illumination purposes. 
The oe is mounted on a horizontal shaft, which is 
revolved at a speed of about 900 revolutions per 
minute within the magnetic field of the four horizontal 
electro-magnets shown in the drawing. The two 
upper magnets are united to a common pole piece, 
which embraces about three-eighths of the circum- 
ference of the ring, and the two lower magnets are 
connected to a similar pole piece opposite in polarity 
to that attached to the upper magnets. 

In some of the more powerful Gramme machines, 
such for instance as are employed for naval, mili- 
tary, and lighthouse purposes, the induction ring is 
wound with two distinct wires side by side, each 
having a separate set of conductors leading to a 
separate commutator cylinder—a cylinder and pai 
of brushes being on each side of the ring. With 
this apparatus the two wires can be coupled to- 
gether in two ways, the first ‘in tension,” as it is 
popularly called, and the other in what is known as 
**quantity.” In the first arrangement a light is 
obtained equal to 11,500 candles, at a speed of 700 
revolutions per minute, and in the second with a 
speed of 1200 revolutions, the light produced is 
equal to 19,000 candles. We believe the most 

werful dynamo - electric machine upon M. 
3ramme’s principle was constructed by MM. Sautter, 
Limonnier, et Cie., the illuminating power of which 
was double that of the machine last referred to. 
This apparatus, which was exhibited at the Paris 
Exhibition last year, had large electro-magnets of 
flat section, its ring was wound with two distinct 
coils, and its total weight did not exceed one ton. 


ual 


ct the action of the two halves of the 
ring bears a close analogy to that of two equal 





The ring armature of M. Gramme, which was 
first conceived by Signor Pacinotti and applied 
by him to an electro-magnetic engine, has since its 
successful application by M. Gramme as an inductor 
been employed in several of the newer forms of 
electric generators to which we shall refer in the 
course of these articles. 
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GOODS LOCOMOTIVES ; PARIS, LYONS, 
AND MEDITERRANEAN RAILWAY. 


WE have on several occasions illustrated and de- 
scribed examples of various types of locomotives 
employed on the Continent for working heavy goods 
traffic, and to these descriptions we now propose to 
add particulars of two classes of g engines, 
which have for some time past been extensively em- 
a by the Paris, Lyons, and Mediterranean 

ilway Company. The two classes we refer to are 
a eight-coupled and six-coupled engines, 
and they were both represented amongst the exhibits 
of the company at Paris last year, where many of our 
readers no doubt examined them. Of the eight- 
coupled locomotive—with which we propose first to 
deal—we published a two-page engraving the week 
before last, this engraving containing a side eleva- 
tion and sectional plan. This week we publish 
another two-page sheet giving a longitudinal section 
and plan of the engine, while on pages 65 and 72 
we give end elevations and transverse sections. On 
page 68 also we give a rear view of a special re- 
spiratory apparatus (Galibert’s system) with which 
the engine is fitted to enable it to be used in a 
badly-ventilated tunnel. This apparatus we shall 
describe in due course. 

The eight-coupled locomotive we illustrate is of 
a type of which there were last year 94 engines in 
use on the Paris, Lyons, and Mediterranean Rail- 
way, these engines being used not only for goods 
traffic but also on some portions of the line for 

enger service. The eight-coupled type was 
introduced on the Paris, Lyons, and Mediterranean 
Railway in 1869—its introduction having resulted 
from the necessity of working lines with gradients 
of 1 in 40 and 1] in 33—and it is stated to have done 
good service. As will be seen by our engravings 
the engine under notice has outside cylinders and 
all the axles are under the barrel of the boiler, this 
latter arrangement having been adopted partly 
on account of the great length of the tubes and 
partly because the engines have to circulate on lines 
with sharp curves, it being hence desirable to keep 
the wheel base as short as possible. Of course this 
arrangement has resulted in a very considerable 
overhanging weight at each end, but with the slow 
speeds at which these engines are run this is a less 
serious objection than may at first sight appear. 

Although provided with four axles the engine has 
practically but two points of support on each side, 
the springs—which are all alike—being connected in 
pairs by compensating beams. Thus the leading 
and second springs, and the driving and trailing 
springs are so connected. In the case of the com- 
pensating beams between the leading and second 
wheels. the arms are equal, but in the case of the 
beams between the driving and trailing wheels the 
armsare in proportion of 22: 25 and are 





arranged so 
as to throw the greater load on the trailing springs. 
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GOODS LOCOMOTIVE FOR THE PARIS Ly 
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5 LYONS, AND MEDITERRANEAN RAILWAY. 
Works, PARIS; M. MARIE, ENGINEER-IN-CHIEF. 


escription, see Page 64.) 

















Fig: 3. 
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TABLE No I.—Grvinea Carer Drwensions or Goops Locomorives ror THE Paris, LYons, AND 
MEDITERRANEAN RaILway. 

















Eight-Coupled| Six-Coupled 
L tive. | L tive. 
inder. Working Gear : ft. in. ft. in. 
ON . yy a any ase Peis - pa : 1 9.25 1 5.72 
Length of stroke ... al “ oa exe s‘ ai <. ie 2 2 2 16 
Distance apart of cylinders from centre to centre ... A ese ove 6 10.7 6 103 
Length of ports ... aan ee eco ine pee eco sol oda : ty 
wing os rts ... “as we eve eco oe eno 0 3.54 0 2.83 
Maximum travel of valves aad aes - en iad ove 0 5.51 0 4.09 
Outside lap of valves ove ee ad one _ on 0 1.14 0 0.98 
Inside ,, A 0 0.02 0 0.2 
Throw of eccentrics ooo oe on ost ove one 0 2.75 O 2.95 
-— advance of eccentrics ... si ose el ee on ose ove doe 35 deg. 12.19 deg. 
Inclination of centre line of motion with the horizontal ... MS exe ond cm > 42 min . 
, . in 
Transverse distance between centres of valve spindles 7 6.2 3 4 
1. 9 ” expansion links ... : “* : HY 
Length of eccentric rods... on i eee ia ue il ~ wn fel . . 
2 99 connecting rods between centres ... eve a eve des ‘sa ee 8 48 5 79 
loiler : 
Diameter of barrel, inside the outside plates... 4 11.05 4 5.4 
Thickness of barrel plates ww. s,s 0 061 0 0.57 
Height of wo of boiler oheve rails ... : - : a P 
— " tome a . bottom : az 4 as 
i 3 top... eee ose J 4 ‘ 
— a a. . > 5 03 3 10.5 
erp “ ye eo lia ws : .. a! ie 
rebox, inside, a . . 
ec itl Pel gs 
idth ,, 80 to q 4 
“1 me bottom a shy . a : 5 
ight ,, above grate at front end : j A 
ae - om = back ,, 4 7. 3 +e 
Thickness of side and back plates (copper) ... 0 20. 0 Y 
a tubeplate, upper part... ats 0 0.98 0 0.98 
a . Siew tubes ... id fa ss eee 0 0.67 0 0.59 
Number of tubes (brass) ... aa ove ose ae aie me 245 177 
Length od between tube plates ... ae ae pain mica .@ 13 11.4 
Diameter ,, outside... oa ieee 0 1.97 0 1.97 
~ chimney .«. exe 1 9.25 1 5.72 
Height - »» above rails 14 0.5 14 0.5 
Inside diameter of smokebox ... eee 5 13 4 63 
Length of smokebox oe _ 3 10.5 3 1.4 
sq. ft. sq. ft. 
Heating surface : Firebox pan 104.5 77.0 
Tubes (outeide) 2042.7 1170.7 
Total ... ‘ms 2147.2 1247.7 
Firegrate area... an iad 22.4 14.2 
Sectional area through tubes 4.08 2.95 
°° of chimney -_ ian eve 2.47 1.7 
Ratio of firegrate area to total heating surface ove aes eve ae ae ose 1: 95.8 1 : 87.8 
» sectional area through tubes to firegrate area... ies a eee me 1: 5.49 1: 48 
~ “ of chimney a ot eco mn sa oy 1: 9.07 1: 8.35 
cub. ft. cub. ft. 
Water capacity of boiler with water level 5.9 in. above crown of firebox _ ‘ni 217.2 140 
Total capacity of boiler ... eos oe eee ce aia aoe as os eee oe 212.3 
Pressure of steam in pounds per square inch... oe eve ese one ons - 128 Ib. 128 Ib. 
Frames : ft. in. ft. in. 
Distance apart of frames at front end... ose ase ai cco ove owe in 3 11.64 4 0.42 
Thickness of frames oe ove eee on a eco ee eco ese ee 0 1.18 0 411 
Length of engine over buffers ... ; . sa vn 32 «3.3 26 4 
Wheels and Aviles : 
Diameter of wheels = eee eee eve 4 16 4 3.2 
Wheel base ben ous . ene om ads as 13 3.5 ll 0.7 
Distance between tyres ... on nee s = ae on es 4 5.84 4 5.84 
Lateral play of leading and trailing axles on each side of middle position ° 0 0.98 none 
Driving axle : Length of bearings __... jal vF én “ell ete . 0 9.84 0 9.84 
Diameter of bearings ... af, ine = 0 7.87 0 7.48 
Distance apart of centres of bearings ‘a 38 6.13 3 7.7 
Other axles: Length of bearings ies ese an oe 0 9.84 0 9.84 
Diameter of bearings ... ove eco Pe 0 7.09 0 7.09 
Distance apart of centres of bearings 38 69 3 7.7 
Length of driving crank-pin bearing for connecting one ose in ~ “i 0 5.51 0 4.33 
Diameter 9 - o* eee ae ons in a * 0 5.12 0 3.93 
Length pm pa coupling ,, a be des al oui 0 3.90 0 3.35 
Diameter ” ” tad ” - 0 5.51 0 4.72 
Length of bearing of crank-pin of second wheels . 0 3.39 
Lenath of bearing f leading and trailing crank-pins on 9 3.39 0 3.35 
D, o! ing an g crank-pins a ‘ ‘ 
Dintnetor 9 pas ee an nda we ia tia 0 4.25 0 3.35 
ont seat 2” eccentric sheaves ... or ~ eee coe eco : ry . ry 
Sprin :« bee eee oe eee eee ese ee eee . ° 
ind So pee 0 3.15 0 38.15 
Width of plates... sal eee ion on fea pe een jal 0 3.54 0 3.54 
Thickness ,, ‘ee wy = « ons ~ es -” eee 0 0.47 0 0.47 
Number be eos “a i" = ae = iv ine see 12 11 
tons. tons. 
Weight of engine empty ... ans dee eee bee eee - a0 pes eos 44.5 29.95 
” ” in working order : 
On leading wheels .«- “oa ses wie ess on og eee 11.93 10.86 
»» secon oe oes eee ee exe on ie on 11.93 
= GES ft ut os tee on pi oe - e 13.45 11.59 
»» trailing ,, ws. oe eee ow eee eve sid dee 13.45 11.59 
Total ... ae see pes ‘ie ne oe 50.76 34.04 








* In the fon. yocnage ied engine the springs are all alike. In the six-coupled engine the leading and driving springs 
are alike, are of the dimensions = above ; but the trailing springs are different, each consisting of a pair of 
pod ane (forming the so-called elliptical spring) each 1 ft. 97 in. span and 1.42 in. camber, and composed of ten 
plates 3.54 in. wide by 0.354 in. thick. 
This is done to compensate for the extra weight of | Table of principal dimensions annexed the wheel 
the driving wheels and their attachments, so that | base is only 13 ft. 34in., but to give the engine 
the pressure of the wheels on the rails may be the | greater flexibility a side play of 1 in. in each direc- 
same in the two cases. As will be seen from the | tion is allowed to the lenting and trailing axles, the 








erank-pins for the front and hind lengths of the 
a rods being made with spherical bearings, 
as shown in the plan Fig. 2, on our two-page engrav- 
ing of the week before last. It will be noticed from 
this view, also, that the a of —~ rods 
just mentioned are not in line with the central 
length when the engine is standing on a straight 
line, but incline inwards towards the leading and 
trailing ends respectively as shown. In the case of 
the leading end this arrangement has been adopted to 
keep the ends of the coupling rods clear of the cross- 
heads when the engine is on a curve, while the 
trailing wheels have been made to match the leading 
wheels so that they may be interchangeable. The 
side play of the leading and trailing axles is pro- 
vided for by simply letting the bearing brasses slide 
through the axle-boxes, the bearings having double 
inclines on their upper sides so arranged that they 
have a constant tendency to return to a central 
position. This arrangement is stated to work 
well at the low speeds at which these engines have 
to run, and the latter are found to traverse easily 
curves of 180 to 200 metres (580ft. to 656 ft.) 
radius. 

The arrangement of frames adopted is one first 
introduced on the Eastern Railway of France, the 
frame plates being cranked outwards at the — 
end, so as to admit a greater width of firebox, an 
thus allow of the necessary grate area being obtained 
with a smaller amount of overhang than would 
otherwise be possible. The form of the hind part 
of the frames is shown clearly in the sectional plan, 
Fig. 2 on the two-page engraving, which we pub- 
lished the week before last, from which it will be 
seen that these hind portions are not made in one 
piece with the main frame plates, but are bolted to 
them, the cranked part being thickened, as shown, 
to give stiffness. In front of the firebox the frames 
consist of deep plates, and are straight as usual, 
The transverse connexions between the frames— 
commencing at the leading end—are as follows: 
First, the leading buffer beam, which is of cast iron 
and of solid rectangular section, this heavy buffer 
beam being used to secure an equal distribution of 
weight on the wheels; second, the transverse stays 
between the cylinders, these forming a box girder 
at this point; next, by three transverse stays of 
plates and angle irons, under the barrel of the boiler 
and supporting the latter; next, a transverse stay 
just in front of the firebox ; and, finally, the trailing 
buffer beam and draw-plates. Besides these main 
stays, there are also light transverse bars connecting 
the hornplate stays, as shown. The axle-box guides 
are all fitted with adjusting wedges. 

Beyond the great length of tubes — namely, 
17 ft. 7in.—the boiler of the engine under notice 
has no special features. The engineers of the Paris, 
Lyons, and Mediterranean Railway maintain that, 
owing to the good quality of the coal used and the 
strong draught, the exceedingly long tubes they em- 
ploy are necessary to secure the best results, but 
this statement is difficult to reconcile with the results 
of experience in this country, and altogether we 
cannot but arrive at the conclusion that in France 
the desire to secure a high evaporative efliciency by 
the provision of an excessive amount of tube heating 
surface has been carried too far. There is one 
aspect of this question, by the way, to which we 
have never seen an allusion made by French en- 
gineers, and we may, therefore, speak of it here. 
It is this. In the engine we are describing the tubes 
are fully 7 ft. longer than would be adopted here, 
and this additional length, together with the pro- 
portionate increase in the length of boiler which it 
involves, cannot be set down as costing less than 
180/.. If on this amount we charge 5 per cent. for 
interest, and but 5 per cent. for. depreciation (thus 
allowing for the value of the old tubes when worn 
out), we shall have an annual sum of 18/. which must 
be saved in fuel by the use of the long tubes before 
any benefit can arise from their adoption, But 
judging from the experience in this country, the 
whole value of the fuel annually consumed* by such 
an engine as that under notice would not exceed 
200/., so that unless the extra length of tubes gave 
an increase of about 9 per cent. to the evaporative 
efficiency of the boiler, their use would result in a 
monetary loss. Judging from the experiments of 
M. Petiet and others on the evaporative powers of 
different parts of the tubes in a locomotive boiler, 





* In this country the average value of fuel consumed per 
locomotive—goods and passengers—is about 1901. In the 
case of goods engines used for very heavy trafic, the slow 
speed and consequent moderate annual mileage to a great 
extent compensates for the extra consumption per mile. 
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an increase of 9 per cent. on the evaporative effi- 
ciency of such a boiler cannot be obtained by an 
increase of the length of the tubes from, say, 114 ft. 
to 17}ft., and thus we consider that we are justified 
in considering the employment of these excessively 
long tubes as in every way undesirable. 

e great length of the tubes in the engine under 
notice necessitates their being steadied between the 
tube-plates, and they are therefore passed through 
a stay-plate placed at about the middle of their 
length, and supported, as shown, in the transverse 
section, Fig. 7, on 72. This same figure, to- 
_— with the section on the left-hand side of 

ig. 8 on the same page, and the longitudinal sec- 
tion, Fig. 3, on the two-page engraving which we 
this week publish, will show clearly the mode of 
staying adopted for the upper parts of the smoke- 
box tube-plate, and of the back-plate of the firebox 
casing. The principal dimensions and _——— 
of the boiler are given in our Table on the opposite 
page, so that we need not speak of them here. 

The barrel of the boiler is double rivetted at the 
longitudinal seams, but the junction between it and 
the dome is single-rivetted. As is usual in Conti- 
nental engines, this dome is of large size, and it 
exercises an important weakening effect upon the 
shell. The dome contains the regulator, which is 
of the gridiron type, with a small auxiliary valve on 
the back of the main slide. The firebox is provided 
with two firedoors, as shown in the back elevation, 
on page 65, this arrangement being rendered de- 
sirable by its unusual width. The stays for the sides 
of the firebox are of copper, and are perforated, the 
holes through them being plugged at their outer 
ends. The crown of the firebox is supported by 
the ordinary longitudinal crown-stays. The grate 
is made in two parts, the one being inclined and 
made on Raymondiere’s system, with wrought-iron 
bars, and the other portion being horizontal, but 
capable of being dropped by screw gear worked from 
the footplate. The boiler is fed by a single No. 11 
injector. The chimney is continued down into the 
smokebox, and made bell-mouthed at the bottom, 
the bell-mouth being provided with a grid for 
arresting sparks, The blast nozzle which projects 
up through the grid is adjustable. The boiler is 
fixed by the smokebox being bolted down to the 
frame-stays between the cylinders, At the firebox 
end the boiler is carried by two supports on each 
side of the firebox, these supports sliding in the 
frames, while to the barrel are rivetted six brackets, 
which rest on, and are bolted to, the three transverse 
frame-stays which we have already mentioned. 

As will be seen from the dimensions given in the 
Table on page 66, the cylinders of the engine under 
notice are of large capacity, the tractive force which 


they give amounting to SESE XSS 936.8 Ib. for 


every pound of effective pressure uare inch on 
the pistons. In regular work the admission is usually 
from 30 to 40 per cent. of the stroke, and only 
attains to 45 per cent. in exceptional cases. The 
loads which the engine takes at different speeds 
and on different gradients are given in the annexed 
Table No. II. 


TaBLE No. Il.—Giving the Loads (exclusive of Weight 
of Engine and Tender) taken under Different Con- 











ditions by the Eight-Coupled Engines Nos. 4001 to 
4094 ; Paris, Lyons, and Mediterranean Railway. 
Speed Gross Loads in Tons taken on the 
peed. |  under-mentioned Gradients. 
Class of oii iw H |i 
3 lh 
— an ie eSs8_[e 
A) n = HSIRSHRSligiag 
1) as ot in no s n 
£4\25| F § 4/89/85 EE 
ASF) 8 Sela" 1a 13 
Goods .-| 15 | 9.8 |2288) 849) 499) 341) 251) 195) 154 
i +-| 20 |12.4/1812) '713) 424) 290) 213) 164) 158 
Passenger ...| 25 |15.5|1899) 581) 347| 287) 172] 130) 99 
a 18.6 oe 501| 301] 205] 148} 110) 84 





























The mode of fixing the cylinders is. shown clearly 
by Fig. 8 on page 72, from which will also be seen 
the arrangement of the valve chests and of the pipes 
for the injection of steam and water into the exhaust 
when working with the Le Chatelier counterpressure 
brake. ‘Lhe pistons are of wrought iron, each 
forged in one piece with its rod, the latter being ex- 
tended through the front cylinder cover, as shown 
by Figs. 1 and 2 of our two-page engraving pub- 
lished with our last number but one. The piston pack- 





ing consists of a couple of cast-iron rings in one 
groove, Thestuffing boxes for the piston rodsand valve 

indles are fitted with Duterne’s metallic pattern. 
Fig. ] just referred to also shows the arrangement 
of the valve gear, this being of the Gooch type and 
placed externally. The valve face and valve spindle 
are inclined as shown. The amount of overhang 
necessitated by this arrangement of valve gear is 
clearly shown by the transverse section, Fig. 7, on 
page 72. The engine is fitted with screw reversing 
gear. The connecting and coupling rods are of iron, 
and are all fitted with adjustable brasses ; the front 
and hind lengths of the coupling rods have spherical 
bearings and connexions, as we have alaandey men- 
tioned. 

A special feature in the engine under notice is the 
respiratory apparatus (Galibert’s system) with which 
it is fitted. On the section of the line from Alais to 
Bastide these engines have to traverse some narrow 
and badly ventilated tunnels, and notably one at 
Albespeyre, the air in these tunnels becoming so 
vitiated by the passage of the trains as to sometimes 
seriously affect the drivers and stokers, To avoid 
this the apparatus just mentioned has been intro- 
duced, it consisting of an air reservoir fitted with 
tubes through which the men can breathe while a 
tunnel is being traversed. The air reservoir is 
shown by dotted lines in the side elevation of the 
engine, Fig. 1, and the back elevation Fig. 5, while 
the whole arrangement is represented by Fig. 9 on 
page 68. From these views it will be seen that 
the air reservoir forms the roof of the driver’s cab, 
and it is divided into two com ents, these com- 
partments—which have a capacity of 8.8 cubic feet 
each—being for the use of the driver and stoker 
respectively. Each compartment is fitted with a 
long india-rubber tube furnished at the free end with 
an ebonite mouthpiece, which is applied to the 
mouth of the user while the tunnel is being 


traversed, respiration through the nose being} Z 


at the same time stopped by the application of 
a spring pincher which closes the nostrils. To 
prevent the fatigue of the respiratory organs 
which would be caused by a variation of the 
atmospheric pressure within the reservoir, each com- 
partment is fitted with an india-rubber bag, the 
interior of which communicates with the outer air ; 
this bag by expanding or contracting maintains the 
pressure within the reservoir the same as outside. The 
renewal of the air in the reservoir is effected, when 
the pa is out of the tunnel, by means of a 
Giffard exhauster, which, as shown in Fig. 9, is pro- 
vided with a suction branch leading. to each com- 

ent. As the air is exhausted by this apparatus 
resh air enters by an inlet valve with which each 
—— is provided, this valve being closed by 
hand when the engine entersa tunnel. Of the re- 
maining fittings of the engine it is unnecessary that 
we should speak, as their arrangement is clearly shown 
by our engravings. We need only say that they are 
all neatly and conveniently arranged. 

The six-coupled type of engine, of which we 
spoke in the early part of this article, has many 
features in common with the eight-coupled engine 
we havedescribed. Thus the cylinders are outside, 
and all axles are under the harrel of the boiler, but 
the firegate area — in this case being less, the 
frames are not cranked outward at the trailing end 
to admit a wide firebox, The cast-iron buffer beam 
at the leading end is also dispensed with, both 
buffer beams being of wood. ‘The valve gear is of 
the Stephenson link type, and instead of being out- 
side, as in the eight-coupled engines, it is inside, the 
valve spindles being each made with a bow to clear 
the leading axle. The chief dimensions of the six- 


. | coupled engines are given in Table I, on the oppo- 


site page. 

The cylinders of these six-coupled engines bein 
17.72 in. in diameter with 2 ft. 1.6 in. stroke, an 
the wheels being 4 ft. 3.2 in. diameter, the tractive 
force which they are capable of exerting for each 
pound of effective pressure per square inch on the 


pistons is: LESS 187 lb. The engines are 
employed in working ue traffic on parts of the 
Paris, Lyons, and Mediterranean system having 
gradients not exceeding 1 in 50, and passenger 
trains on part of the line with gradients of 1 in 66 
to 1 40. The loads which these engines are con- 
sidered capable of taking on different gradi 
and at different speeds are givenin Table No. III. 
annexed. 

In conclusion, we may state that the type of six- 
coupled engines, of which we have just been speak- 
ing, was introduced on the Paris, Lyons, and 


ients | besides this 





Mediterranean me, Ay long ago as 1855, and 

last year the compan no less than 942 of these 

engines in service identical in their dimensions, 

while they are still building others of the same 

TaBiE No. Ill.—Showing the Gross Loads taken (ex- 
clusive of the Weight of by x and Tender) by Bix- 
Coupled Locomotives Nos..1401 to 2868 on the q 
Lyons, and Mediterranean Railway. 

















Speed. —e on the ae 

= of ; rn I I i 
i - e< Ss F Ss 

gua] § | ee | Ee] Ee] Es 

tons: | tons. " 

Goods _...| 95 |15.5| 948 | 393 9 7 us” 
Pussengers...| 35 |21.7| 662] 300| 182] 122) 87 
» ow | 45 127.9] 471 | 231] 141] 94] 66 























pattern, We know of no other instance in which 
a class of engines has held its ground practically un- 
poe for babe hope —_ and there is probably 
no other instance of a railway company possessin, 
anything approximating to a similar number of 
locomotives of one type. 
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DyNaMITE In SourH AvstTRaLIA.—The contractor for 
the construction of the Port Victor breakwater fired, April19 
& blast, consisting of 5 tons of gunpowder and 75 lb, of 
— on Granite Island, by which from 35,000 to 

,000 and granite were upheaved, leaving a 
ym ft. long, | 80 ft. WR Beer 7 90 ft. pA das 

’ e blocks of granite, weighing from ns 
each, were thrown to seaward. 





Tue Mzerropouitan Boarp or Worxs.—A Parlia- 
men’ Paper, No. 233, recently issued, gives the follow- 
ing statement of the financial condition of the Metropolitan 
Board of Works up to December 31, 1878. Total amount 
of Consolidated Stock at 31. 10s. cent. to end of De- 
cember, 1877, amounted to 10,611,0121.; created since, 
2,500,0001., from which there has been redeemed 15,286l., 
leaving a total of 13,095,7261. But the total amount 
received to the end of December was 12,874,2701. Of this 
9,924,5191. had been expended by the end of December, 
1877. During the SS ies 78, there were sums, 
amounting in all to 483,354/., advanced as loans to vestries, 
boards of and ot 


’ 4 r authorities. Among the 
larger items of other accounts, amoun to 1,562,4471., 
are the eens, Street improvements, 292,7711. ; freeing 
metropolitan toll bridges, 0281. ; dwelling-house im- 
provement fund, 380,5001. There was a ce in hand 
at the end aed of 340,6411. The estimated expendi- 
ture of the Board for the F as ending December 381, 1879, 
has the following leading i : Dividends, interest, &c., 
581,2301.; maintenance of sewerage and drainage works, 
embankments, roads, &¢., 93,2471. ; fire brigade, 94,4651. ; 
miscellaneous (ch' sanitary), 13,8151.; establishment, 
law, printing, &c., 37,4201. ; amount applicable to the re- 
demption of capital, 213,2951., which, with minor items, 
ve a total of 1,053,2841. This is provided for as follows : 

al and wine duties, 250,0001.; contributions to fire 
brigade, 31,1351. ; interest, rents, &c., 190,952/.; and rate 
for 1879, at 5.82d. pound, on the present metropolitan 
tal 1., amounting to 581,1971. But 
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THE ‘TELL-TALE MARINER'S COMPASS. 


A very ingenious apparatus for reducing the risks of 
navigation has recently been devised by Mr. Henry A. 
Severn, of Herne Hill, and whichisillustrated in the accom- 
panying engraving. It consists of an ordinary mariner’s 
compass placed in connexion with a small battery, and 
so arranged as to enable the — or officer in charge of 
a ship to at once detect when she is off her ordered course. 
It is placed in the captain’s cabin, and having, on quitting 
the deck, given his orders as to the course to be steered, he 
is enabled by the ear alone to detect any departure 
from his instructions. In designing this compass, Mr. 
Severn utilised the constant position of the card, and the 
ever-varying position of the ship for the purpose of 
making and breaking metallic contact. A pair of index 
hands placed above the compass card can be adjusted to 
any angle, the one hand to port and the other to star- 
board of the direct course, thus allowing for a given 
amount of deviation to one side or the other. If the ship 
is steered off her course beyond the limit thus allowed 
on either side, an alarm bell instantly rings, and will 
continue to ring until the right course is resumed. In 
our engraving Fig. 1 is a section and Fig. 2 a plan of the 
compass with its accessories, the battery and bell. In 
practice these several parts are placed together in a small 
box, which is easily carried about, and can be placed in 
~ part of the ship. 

eferring to our engraving, L' and K' are two flat brass 
milled heads of such size as to admit of being con- 
veniently turned about their centres by the fingers. 
These milled heads are on the wpper surface of the glass 
lid of compass, and are themselves severally attached to 
the rod L, which passes through and rotates within the 
hollow tube K which is attached to the milled head K'. 
Both the movable heads pass through the socket I which 
is cemented to the glass lid. The milled heads can be 
made to revolve within the socket I, and the head L! 
rotates in either direction within K'. The socket I is 
placed in metallic communication with the rim of brass 
around the lid by means of the covered wireG H. Under 
the glass lid and attached respectively tothe terminations 
of L and K are fixed the two metal index hands K*, L*. At 
the ends of these hands are suspended platinum wires K°, 
L®, which are therefore in metallic contact with the brass 
rim G and connecting screw C. The metal point for 
suspension of the card is insulated from brass bowl at 
B', and is connected with one pole of a low and constant 
battery cell. +Mr. Severn prefers to give the card two 
magnetised needles, and not in contact with the metal 
cone for suspension. B B! is the metal point, A' the 
brass centre, and AA the card. Attached to the top of 
the brass centre A' is a light metal arm A*, the end of 
which is made of platinum fora length of one inch. This 
metal arm is therefore in metallic communication with 
the wire C attached to the pole of the battery. To com- 
plete the circuit all that is necessary is to bring one of 
the hanging wires K* or L® (either will do) into contact 
with metal arm A*, and if an electric bell is placed in 
the circuit it must ring whensoever the contact is made. 
Availing himself of the ever stationary position of the 
compass card, and the constantly moving vessel, as we 
have pointed out, Mr. Severn is enabled so to adjust the 
index hands and their hanging wires K*, L°, as to bring 
them respectively to any required distance on either side 
of the metal arm A*, and so long as the vessel does not vary 
her course (so as to bring one or other of the wires K® or 
L® into contact with A*), no bell can ring. If, 
however, that distance is reached or ded, the bell 
will immediately ring, but will stop so doing if error in 
steering or movement is retraced. It will continue to 
ring if the variation continues, because the hanging wires 
K*, L® are heavy enough to overcome the strength or 
polarity of the card and its needles. The captain or 
officer using this compass has merely to adjust the index 
hands by means of the two milled heads, to any angle 
he pleases, after the vessel is in her course, and in heavy 
or fine weather, by night or by day, the alarm bell rings 
when the steering is bad. The milled heads can be raised 
up }in. through the socket I, and the hanging wires are 
then free of the metal arm A?®, and the compass in all 
respects becomes an ordinary one. 

It will thus be seen that by the aid of this compass the 
captain when below can ascertain, without any trouble to 
himself, when the steering is bad, or the vessel is taken 
out of her ordered course by night or day. It will lead to 
better steering, inasmuch as both officers and men on 
deck will be aware that the captain has a check on them 
below. Another important point is that,t will give inti- 
mation at night in harbour when the vessel alters her 
position by swinging around her anchors: In short, the 
tell-tale compass appears to be well calculated to aid in 
lessening the risks and dangers of both coast and ocean 
navigation generally. 








(For Description, see Page 64.) 


AIR TANK FOR GOODS LOCOMOTIVE; P., L., AND M. RAILWAY. 






















































































~ SEVERN’S TELL-TALE COMPASS. 
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SMITH'S DOUBLE-CHAMBERED VERTICAL BOILER. 
CONSTRUCTED BY MESSRS. GREENWELL, TYNDALE, AND COMPANY, ENGINEERS, LONDON. 
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Fig. 1. 


In our number of the week before last, when dealing 
with the engines and boilers at the recent show of the 
Royal Agricultural Society at Kilburn, we noticed (vide 
page 22 ante) a type of vertical boiler exhibited on that 
occasion by Messrs. A. H. Bateman and Co., the boiler 
shown having been made for them* by Messrs. Greenwell, 
Tyndale, and Co., of the Wick Bridge Boiler Works, 
Hackney Wick. The boiler in question was Smith’s 
patent, and we now annex engravings showing one 
form of it, this being the ‘‘double-chambered” type used 
by the makers for the larger powers. For small 
powers the boilers are made with the ordinary firebox 
only. 

* By an error the name of the makers was in our 
previous notice given as Smith’s Patent Boiler Company. 
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Fie. 3. 


In the boiler illustrated there is, as will be seen, a 
combustion chamber connected with the firebox by up- 
takes, the crown of this combustion chamber, as well as 
the firebox crown, being fitted with hanging water tubes. 
These tubes are each fitted with an internal circulating 
tube, this circulating tube being carried by a spherical 
casting which forms a kird of cap to the outer tube, as 
shown in the detail view Fig. 2. The lower part only of 
this spherical cap is perforated, the object being that the 
current of water issuing from the apertures may be 
thrown downwards and sideways so as to keep the tube- 
plate clear of scale, and not upwards, so as to cause 
priming. The spherical cap is dro loosely into the 
outer tube, so that the circulating tube can be readily re- 
moved. 





Another feature in the boiler consists in the use of 
spring stays between the crown of the combustion 
chamber and the crown of the shell, similar stays being 
also used by Messrs. Greenwell, Tyndale, and Co. between 
the crown of the firebox and the crown of the shell in 
cases where there is no upper chamber. The construc- 
tion of these stays is so clearly shown by the detail view, 
Fig. 3, that any description will be unnecessary. The 
springs are Mk. warn ese 

As we remarked in our former notice, the boiler we 
illustrate enables a large heating surface to be obtained 
on a small ground area, and we shall be glad to hear 
particulars of a regular evaporative trial made with it. 





SONNENTHAL’S BELT SCREWS. 

WE annex illustrations of a little device for jointing 
belts introduced by Mr. Sonnenthal, of the firm of 
Messrs. Selig, Sonnenthal, and Co., Queen Victoria- 
street, London. The fastening consists of two screws, 
one with a right and one with a left-hand thread. The 
former is of bronze and has a coarse exterior thread 
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cut conically, while it is hollow with a fine thread tapped 
inside. The latter is of steel and has a conical shoulder 
underneath. The heads of both screws are slightly 
rounded and formed with circular grooves on the under- 
side, to give them a firm grip on the leather. The conical 
screw is first run into the leather, and the steel screw is 
then introduced. The belt is run with the head of the 
latter on the inner side. 





NORTH BRITISH ASSOCIATION OF GAS 
MANAGERS, 
EIGHTEENTH ANNUAL MEETING. 

On Thursday and Friday of the week before last the 
eighteenth annual meeting of the North British Associa- 
tion of Gas Managers was held in the hall of the Royal 
Scottish Society of Arts, Edinburgh, under the presidency 
of Mr. Alexander Smith, of the Corporation Gas Works, 
Aberdeen. There was a very large attendance, including 
members from the North of England and from Ireland ; 
and the programme of business for the two days’ sittings 
was eminently attractive, while eventually the proceed- 
ings were even more interesting and instructive than was 
anticipated by the most sanguine members. 

The preliminary business having been got over, includ- 
ing the election of a number of new members, ordinary and 
extraordinary, Mr. Smith proceeded to deliver his presi- 
dential address. He returned thanks for the honour done 
him by his election to the President’s chair, and went on to 
say that the object of their meeting was not only one of 
social intercourse, but for the purpose of imparting and 
receiving information as to the best and most economical 
modes of manufacturing and distributing coal gas so that 
it might keep pace with its energetic rivals. Having re- 
ferred to the growing importance of the Association and 
to its increasing membership, which were matters of 
congratulation to the older members, he remarked that 
theirs was not the only organisation of the kind in Scot- 
land, for there was another—the West of Scotland 
Association. It had been suggested that were an 
amalgamation of the two to take place, a decided benefit 
would be the result. The West of Scotland Association 
had done a great deal of useful work in its time; and 
with a view, therefore, to amalgamation with that body 
the committee had to ask the Association to 
appoint another committee of their number to meet the 
West of Scotland Association to confer on that de- 
sirable object, As union was strength, so if the 
desired arrangements could be successfully carried 
out, one powerful Scottish Association might be formed, 
the interest and importance of whose annual meetings 
would be vastly greater than those of either separately. 
Touching upon progress in artificial lighting, Mr. Smith 
said that seventy-seven years had now passed by since 
the first public illumination by coal gas—a great dis- 
covery which had improved the condition and advanced 
the progress of mankind. It could scarcely be expected 
that it could have been free from opposition. Its first 


foes stated that it was destructive to property, and would 
exercise a pernicious effect on the nervous system. They 
even went the length of asserting that the underground 
soil would become saturated with baneful chemical sub- 
stances from the pipes, and that in succeeding generations 
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our cities would be quite uninhabitable. But, in spite of 
those statements, gaslighting had continued to grow in 
public favour, and had now become domesticated in,every 
city and village of importance in theempire. There had 
been many stages of progression, both with respect to 
apparatus and the process of manufacture; and it was 
quite evident, from the continued increase of production 
and the greatly reduced prices now charged, that gas- 
lighting had made equal progress with the other great 
industries of the country, while there was no reason to 
doubt that it would continue to advance from year to 
year. Having alluded to Hislop’s process for the revivi- 
fication of spent gas lime, and to the numberless directions 
in which gas might yet be extensively used—in heating, 
cooking, in the production of power, &c.—he went on to 
say that it had been asserted that we were on the eve of 
a great revolution in the mode of lighting. Much had 
been said and written on the subject. The lime and 
hydro-electric lights, water and air gas, and other so- 
called gases, had each been held up as the light of the 
future; but after a little careful inspection they had all 
been thrown over, the one after the other, and the in- 
ventors sadly exposed. At this point the President drew 
attention to the advisability of appointing a committee, 
as moved by Mr. Hislop at the last annual meeting, to 
investigate into reputed inventions, and to report to the 
Association. By that means agitation in the public mind 
would be in a great measure allayed. The committee 
of the Association, after consideration, had decided 
unanimously in favour of the advisability of such a 
course of procedure, Coming to the subject of the 
electric light, Mr. Smith said that the capital 
invested in gas undertakings in the United Kingdom 
represented many millions sterling; and that so 
vast an amount of property should be liable to such a 
rapid depreciation, such as had been seen in connexion 
with the electric light agitation, called for more than a 
passing notice, It was to be regretted that those persons 
who embarked their money in such undertakings did not 
avail themselves of opportunities of learning something of 
the business. Were they to do so less heed would be paid to 
such sensational articles as appeared both in American 
and our own newspapers. It was those that caused gas 
stock in London to suffer for a time 26 per cent. of a fall, 
Edinburgh 19 per cent., and Dublin 33 per cent. Electricity 
had been the engrossing subject of scientific development 
of late. Ithad also occupied the attention of a Select 
Committee of the House of Commons for nine days, in- 
quiring into the subject, and examining witnesses of the 
highest scientific reputation. The committee, in their 
report, said that electricity was not yet in a position to 
enter into competition with gas; nevertheless the Liver- 
pool Corporation applied to Parliament, and were now 
empowered to light their own public buildings with elec- 
tricity ; if they availed themselves of their powers they 
would doubtless furnish a good deal of useful information. 
After some further remarks on the subject of electric 
lighting, he said he was of opinion that electricity was 
not suited for the ordinary purposes for which arti- 
ficial light was required, and where economy was 
regarded. He did not intend to run down the electric 
light and hold up gas; the public would form their 
own opinion as to merit; but certainly as yet there was 
no appearance of its taking the place of gas. Great 
improvements must be made in generating and dis- 
tributing the current before it could commercially com- 
te with gas. When its defects in connexion with its 
ecoming a generally recognised source of light had been 
surmounted it would justthen take its own place in the 
field along with the other artificial light-producing agents; 
but the consumption of oil, candles, and gas would go on 
increasing yearly as long as the material to produce 
them could be got. A pure, steady, and cheap light was 
of the highest importance to all classes of the community. 
In gas they had such a light, the light of the present, and 
which would in all probability be the light of the future. 
It was continually at the disposal of the consumers, while 
it was clean, simple, and uniformly diffused. It could be 
easily regulated from a rushlight to 3000-candle power 
—a result which was obtained by one of Wigham’s 
patent burners. Sugg’s; Edmundston’s, and Bray’s 
lanterns and burners were also referred to; and after 
making some remarks upon the enormous loss of gas in 
the United Kingdom (valued at 2,000,0002 per annum) 
from disregard to proper pressure, and from imperfect 
and unsuitable fittings and burners, and upon the practical 
remedies to prevent that loss, the President brought his 
interesting address to a close. 

On the motion of Mr. John Reid, late of the Edinburgh 
and Leith Gas Company, Mr. Smith was awarded a very 
hearty vote of thanks, 

Mr. Peter Watson, Stirling Gas Works, subsequently 
read a paper in which he gave the results of his practical 
experience in keeping gasholders, meters, pipes, &c., in 
working order during the recent protracted and severe 
winter. In the case of meters and pipes he had used 
methylated spirits freely, and had thereby been successful 
in maintaining them in good working condition, An 


interesting discussion arose, in the course of which 
various members mentioned the various expedients which 
they had from time to time employed to counteract the 
effects of severe frosts, 


Gas Works, on “Some Reasons for Gas Companies and 
Corporations letting out Meters free of Charge.” He 
argued at considerable length that injustice was done 
to the smaller consumers by making a uniform charge 
for meters, and he spoke strongly in favour of the aboli- 
tion of the charge. In the course of a very animated 
discussion which ensued various opinions were expressed 
as to the desirableness of adopting the proposal. 

Mr. James M‘Gilchrist, Corporation Gas Works, Dum- 
barton, read an excellent paper on “ The Circumstances 
affecting the Price of Gas.” He referred to the sums of 
money necessary to pay the dividends on the respective 
capitals employed, to the different systems adopted of 
charging and not c ing meter rents, service pipes, 
&c.; and he showed how competition, instead of being, 
as in the majority of cases, an element leading to the 
lowering of the price of gas, was really one of the circum- 
stances which lead to a vast increase. In illustration of 
his argument he referred to Edinburgh and Leith, which 
were supplied by two competing Nery pow and showed 
how by an amalgamation gas could be delivered very 
much cheaper without affecting the dividends paid to 
shareholders. That result would be brought about by a 
corporation or one company having one set of mains, and 
thus would only require the streets to be lifted once for 
service pipes, whereas with two companies it was neces- 
sary to have two distinct sets of mains, entailing double 
cost. He made reference also to two gas works—Dundee 
and Galashiels—on behalf of each of which it had lately 
been claimed that the cheapest gas in Scotland was 
manufactured, and he gave the reasons why they were 
supplying such cheap gas. At the same time he also 
drew attention to the fact that other towns which were 
apparently much higher rated for gas per thousand cubic 
feet were in reality, when all the circumstances were con- 
sidered, such as giving meters free, as in Glasgow and 
Greenock, and subsidising police rates, as in the last-named 
towns, giving gas as low in price as Galashiels and 
Dundee. This paper also led to an exceedingly animated 
discussion. 

A very suggestive and highly original paper was sub- 
mitted by Mr. William Young, Clippens Oil Works, “On 
the Elimination of Sulphur Compounds from Illuminating 
Gas.” The process treated of by Mr. Young involves the 
use of light hydro-carbon liquids, such as are recovered 
from the so-called waste gases produced at mineral oil 
works. Not only are such liquids capable of removing 
almost every trace of sulphur from coal gas, whether 
in the form of sulphuretted hydrogen or as bisulphide of 
carbon, but they also act as valuable carburetting agents 
and confer a very high illuminating power upon the gas 
itself. Mr. Young showed that even coal gas made from 
ordinary house coal can be so carburetted as to have an 
illuminating power equal to that of rich cannel gas, at a 
very reasonable cost; and where cartage is an item in 
the cost of the crude product, poor gas carburetted in 
the way indicated would be even much cheaper than that 
produced from cannel coal. 

Mr. D. Bruce Peebles gave an exceedingly beautiful 
and effective experimental demonstration of the influence 
of pressure in determining the luminosity of gas flames. 
He had a set of four of his needle governor burners, each 
consuming 5 cubic feet of gas per hour, but all consum- 
ing it under different pressures, That having the least 
pressure was brilliantly luminous as compared with the 
flame at the other end of the series. Mr. Peebles’s re- 
marks and experiments excited a very valuable discussion 
on the science of luminous and non-luminous flames, and 
doubtless set many of the members to think on the sub- 
ject. 

Closely related to the question raised by Mr. Peebles 
was that which formed the subject of a second paper by 
Mr. Young, which was entitled “The Proportion of 
Carbon present in Gas in Relation to its Illuminating 
Power.” This was not less original than the other. 
Starting with a given volume of marsh gas, or light car- 
buretted hydrogen, he showed by actual experimental 
demonstration that the same volume of that gas when 
subjected to certain modes of chemical treatment acquired 
under the new forms an increased volume, and a much 
greater degree of luminosity. That was especially seen 
in burning olefiant gas and acetylene. In other words, 
the illuminating power was shown to depend in a great 
measure, not upon the number of carbon atoms present 
in a given volume of the gas under examination, but 
rather. upon the mode in which those atoms were com- 
bined with hydrogen. As Mr. Young had been incited 
to institute his experiments in the laboratory, and to 
prepare his paper, through some remarks made by one of 
the members at the St. Andrew's meeting last year, on 
what is called the “durability test,” so the discussion 
upon it largely dealt with that phase of gas economy. 
In the course of the discussion Dr. Stevenson Macadam, 
F.R.S.E., an eminent authority on gas testing, heartily 
complimented Mr. Young on having made a most valu- 
able contribution to the science of manufacture. 
Had there been no else, the two papers by Mr. 
Young were quite sufficient to give this meeting of the 
Association a sort of “red letter” character. 

Shortly after the termination of the proceedings on 
Thursday afternoon, the annual dinner of the Association 
took place in the banqueting-hall of the Waterloo Hotel, 





The next paper was one by Mr. D; B. Esplin, Forfar 


Mr. Smith, President, again in the chair. 





On the following morning several additional papers 
were read. One was on “A Gas-Compressing Engine,” 
by Mr. John Thomson, of Messrs. D. Laidlaw and Son’s, 
Glasgow. The engine in question was made by that firm 
in accordance with the views of Mr. J. J. Coleman, 
F.C.S., for many years one.of the members of the tech- 
nical staff of Young’s Paraffin Light and Mineral Oil 
Company. It was designed for treating shale oil effluent 
gases so as to condense such as might be transformed 
into the liquid state by subjecting them alternately to 
great pressure and low ; and in practice it 
had been a great success, and had accomplished all that 
its inventor had aimed at. In the opinion, both of Mr. 
Thomson and Mr. Young, it was a most ingenious piece 
of mechanism, and an excellent example of the appli- 
cation of the recent theories on thermo-dynamics and the 
conservation of energy. 

Mr. Wiliam Cowan, Edinburgh, followed with a paper 
on his apparatus known as the automatic pressure 
changer, which was described and exhibited at the meet- 
ing of the British Association of Gas Managers held at 
Newcastle a few weeks ago. Since then, however, it 
has undergone some very important modifications by 
way of rendering it even still more generally serviceable. 
As might be expected, the apparatus was greatly ad- 
mired. 

A paper on “Working Statistics” was read by Mr. 
David Terrace, Corporation Gas Works, Arbroath, in the 
course of which he threw out a number of valuable sugges- 
tions as to the desirability of arriving at such results in 
actual practice as could fairly be compared with each other 
in different works, the ultimate aim being to determine the 
most economical methods of carrying on the process of 
the destructive distillation of coal for the production of 
illuminating gas, as also those of purifying the same, and 
recovering the secondary products. The discussion which 
followed was of a rather animated character. 

During the sittings the election of office-bearers took 
place. Mr. Robb, of Haddington, was appointed president 
for the ensuing year, and Mr. Terrace was appointed 
secretray and treasurer in succession to Mr. Mackenzie, 
of Dunfermline, who had held those offices from the com- 
mencement of the Association, and who now accepted of 
one of the vice-presidentships. The next meeting was 
fixed for Perth. At the sitting on Friday it was resolved 
to institute a fund for the promotion of scientific research 
in connexion with the gas manufacture, to which gas 
companies and corporations should be asked to contribute ; 
and it was also resolved to open negotiations with the 
West of Scotland Association of Gas Managers with a 
view to tion. 

The retiring president and secretary having been 
heartily thanked for their services to the Association, 
the formal business proceedings were brought to a close. 

In the afternoon a large party of the members and 
lady friends had an excursion to Roslin, where an al fresco 
luncheon was heartily enjoyed. 








THE SIEMENS DYNAMO-ELECTRIC 
MACHINE. 


To THE Eprror oF ENGINEERING. 

S1r,—Your journal of ed 9, 1879, contains a paper by 
John Hopki , F.B.S., M. Inst. M.E., which gives 
some very interesting tests of a Siemens machine. By 
these tests the machine appears to convert 90 per cent. of 
the energy delivered to it ugh the belt, into electricity. 
The following methods were used : The power absorbed was 
measured by a dynamometer, and the energy of the current 
calculated either by comparing the electro-motive force in 
part of the circuit with a Daniells cell and estimating the 
volts in the whole circuit, or measuring di ly the heat 
given off from a part of the total resistance in a calori- 


meter. 

I would call attention to the fact that the electro-motive 
force of the gravity form of a Daniells cell is assumed as 
nine-eighths of a volt, or 1.125 volts, though this form 
has an electro-motive force slightly less than the standard 
cell with concentrated solutions separated means of a 

rous cup. The value taken by Messrs. Houston and 
|) entlion, in their tests for the Franklin Institute, is 
1.079 volts for the electro-motive force of a Daniells. This 
value. is the one given by Mr. Latimer Clark and is 
generally received as the normal one. As the energy given 
off in any circuit is as the square of the electro-motive 
force, to com the — por by Dr. Hopkinson with 
those in the lin nstitu report, one must multiply 
his results by ie =0,92. If this correction is 


made the Siemens machine would give back 83 cent. 
instead of 90 per cent. of the power applied in the shape 
of electricity. . 

Though Weber’s measurements, as cited by Wieder- 
mann, vol. ii., section 1104, give a high electro-motive 
force toa Daniells cells, yet since his results are questioned, 
there is no sufficient. reason why the measurements of the 
British Association should be abandoned. In order that 
values obtained by various experimenters may be ly 
com , even if the are slightly incorrect, it 
would be well to retain the origi values until the 
question is fully settle. If nine-eighths of a volt be taken 
as the value the electro-motive force of a Da » & 
curious anomaly presents itself, that a new machine made 
by Mr. Edison gives back more power in the current than 
it receives through the belt, some very ally 
made tests are at fault. 





It may mentioned that this machine, while transforming 
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five-horse power of energy, allows seven-eighths of the total 
amount to be recovered outside, and that with less than one- 
tenth of a horse power consumed in the magnets an el: 

motive force of 125 volts has been obtained from the 
armature, when running at moderate speeds. 

In Dr. Hopkinson’s measurements of the heat by means 
of the calorimeter, the resistance of the wire used was 
given as0.2 of anohm. As a very slight difference in this 
would be largely multiplied in the complete circuit, it 
seems sti e to read that the resistance was about one- 
fifth of an Sens and that the conducting wire was esti- 
mated as having 0.01 ohm resistance. No allowance is 
made for the heating of the wire in the calorimeter during 
the passage of the current through it. 

In experiment Number 12, a horse power is given off 
from a surface of 14.5 in., or, in other words, the total 
heat from a large-sized gas jet was concentrated on this 
surface. It seems impossible that the resistance of the 
wire should not have increased perceptibly. A wire, 
stretched between two supports and immersed in water, 
may be seen to sag slightly when a powerfulcurrent is 
passed throngh it, thus showing expansion from heating, 
and consequently increase of resistance. 

The percentages obtained by comparing the power 
utilised, measured by the calorimeter, to the power applied 
are the following : 


Per cent. 
Experiment 4 97 
is 6 102 
bed 8 104 
” 10 ° 82 
a | ee sae i i. an 
These results would lead one to distrust the accuracy of 


the methods used, as in two cases impossible values are 
obtained, and there is so great a difference between the 
extremes. ~~ 
That I am enabled to discuss the paper so fully is in 
itself a praise of the care which was successfully taken 
to give full data regarding the experiments. Such a paper 
is on many accounts better than experimenting personally, 
for besides having another’s experience, one often sees 
sources of error more easily in another’s work than in his 


own. 
Yours truly, 
Francis R. UPTON. 
Laboratory of Thos. A. Edison, Menlo Park, N.J., 
July, 1879. 








GAS ENGINES. 
To THE EpIToR OF ENGINEERING. 

Srz,—Yonr article of May 30th on ‘‘ Gas Engines,” and 
your subsequent report on the gas engines exhibited at the 
recent show at Kilburn, have been followed by several 
reports in the technical and daily journals, and a general 
interest in these engines appears to have been at last 
awakened. As might be expected, many of the writers of 
the reports alluded to do not display a very accurate 
knowledge of the comparative merits of the various engines, 
but what can be said of the astounding statement made by 
your pr me apa The Engineer on July 11th, that “‘ the 
most scientific labourer at the production of an efficient gas 
engine is beyond question Mr. Clerk”’ ? 

It is impossible to conceive on what disinterested au- 
thority this statement is made. Should it be allowed to go 
uncontradicted, it may be concluded that there is some 
truth in it, and ra injustice may be done to the ability 
and enterprise of the inventors and makers of the Otto and 
Langen ‘‘ Atmospheric” and “Otto” engines, who can 
claim to be the first to have supplied an economical and 
efficient gasengine. As the gas engine is destined to play 
a very important part as a motor in the (future, and for 
many purposes to replace steam power al er, itis as 
well to have this point settled at once for those who s 
write the history of the gas engine hereafter. 

_ The first gas engine that oui be considered right in prin- 
ciple and could be ed as a commercial success was the 
so-called ‘‘ Atmospheric’ engine invented by Otto and 
Langen, of Deutz, and improved and made by Crossley 
Brothers, of Manchester. In this engine the inventors 
adopted and successfully applied the principle of a free piston, 
and up to the end of 1877 over 3000 of ines had 
been set to work. Upto that date the inven were 
indisputably entitled to be considered ‘‘ the most scientific 
labourers at the pooiaciien of an efficient engine.” 

The ‘‘ Atmospheric’’ has been superseded by the ‘‘ Otto”’ 
gas engine, which is the second in the field that is right in 

rinciple, simple in construction, and a commercial success. 
in this case again the inventors struck out in ar original 
line, the method they adopted of compressing, igniting, 
and burning the gas in the Pape being entirely novel. 
As this engine has proved itself to be by far the best in the 
market, the inventors are surely entitled to be still con- 
sidered ‘‘ the most scientific labourers at the production of 
an efficient gas engine.’”” The fact that over 2000 have 
been made and sold in less than two and a half years speaks 
for itself. Until the time of its appearance most rival 
makers followed at a long distance in the line of the 

‘ Atmospherics.”’ As soon, however, as the ‘* Otto’’ came 
out “‘ scientific labourers’ commenced at once on the high- 
pressure slow-combustion tack. 

T am at a loss to undersand on what grounds The 
Engineer makes its claim for Mr. Clerk, who has also 
merely followed the inventors of the ‘‘ Otto’ engine at a 

, having taken up ideas w 
- _ Several other inventors 
the mixture of gas and air in a pum 
ore Mr. Clerk. In fact, Brayton an’ 
engines Mr, eo cee to be sim 
on, were actually in the before Mr. Clerk’s 
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Mr. Clerk has followed the makers of the “ Otto” and 
possibly in time may be able to supply a good engine, but 
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had indeed asking 40s 





on the principle involved in the statement of The Engineer 
every maker, who produces what can now be called a 
steam engine, has a right to be i a “more scien- 
tific labourer’’ than Watt. 

The wpe bay at which Mr. Clerk departs from the 
inventors of the ‘‘ Otto’’ engine are : 

1. In seeking to attain the same end by doubling or 
trebling the moving parts. In simplicity the ‘‘ Otto” 
engine not yet been a ed. 

2. In ating an ignition by incandescent platinum. 
This the ers o£ the “‘ Otto’’ engine have already pre- 
viously tried, but have not considered it preferable to the 
gas flame they use. 

8. In adopting a higher speed of piston. This is cer- 
tainly not original, and is done with a view to reduce the 
consumption. It is, however, a question whether the 
slightly increased mechanical work so obtained from the 
heat is not much more than counterbalanced by the greater 
loss of mechanical power absorbed by the itional fric- 
tion in the pump and other moving parts, and by the cost 
of Sanuael repairs. 

4. In “aes higher compression for the mixture of gas 
and air. This was tried long a the makers of the 
‘* Otto” engine, and given up. ‘The increase of tempera- 
ture in the cylinder due to a greater compression is equiva- 
lent to so much work lost through radiation of heat. 

5. In claiming greater economy. This has not Fae been 
proved by competent, trustworthy,"and jindependent wit- 
nesses, and is improbable. Curious statements on this 
point have got into ci ion. Morning Post in re- 
porting upon Mr. Clerk’s engine stated that ‘‘ the consump- 
tion of gas is but 15 cubic feet per hour per horse power, less 
than one-third of the consumption of the ‘ Otto,’ which is 
52 cubic feet for the same power.’’ Now Mr. MacFarlane 
Gray testified in ENGINEERING, September 13, 1878, the 
consumption of the ‘‘ Otto” to be from 20.8 to 22 cubic feet 
per indicated horse power per hour. When the statement 
of the consumption of Mr. Clerk’s engine is attested by an 
equally competent authority it may be considered reliable. 

What Watt did for the steam engine, and what Geo 
Stephenson did for the locomotive, the makers of the 
‘* Atmospheric”’ and of the ‘‘ Otto’’ have done for the’ gas 
engine, which has a future before it not inferior to that of 
the steam engine. I am, Sir, yours, 

RoBertT WILSON. 





SCREW PROPELLERS. 
To THE EDITOR OF ENGINEERING. 
Srr,—I have read with some interest the letter of H. D. 
Deane in your issue of July 11th, and like your correspon- 
~—< ‘*N.,”’ cannot follow the arguments of Mr. Deane very 


well. 

In addition to ‘‘ N.’s’’ remarks as to the vessel “‘ backing 
into her own suction’’ I would merely say, that, according 
to Mr. Deane’s statements, the best mode of progression 
of a vessel fitted with a perforated propeller ap to be 
stern foremost, and this reminds one somewhat of the Irish- 
man who found it best on a slippery path to ‘‘ advance with 
a retrograde motion.” 


With regard to the corrosion in question, it seems pro- 
bable that it is really oxidation caused by the air which, 
with some water, forms a kind of filling the so- 


alo 

called vacuum that Mr. Deane refers to, and which is no doubt 
caused by the direction which the water is constrained to take 
when the (comparatively) thick edge of the blade passes 
through it as roughly shown in the annexed sketch. With 





respect to the lessening of vibration by perforating the 
——m beng oe 3 bays te interesting to know whether 
or no’ y a large area, or a disproportiona’ 
width across the blades, and especially if that was the case 
across the tip, the latter being a well-known cause of vibra- 
tion. In connexion with this point I notice that Mr. 
Deane’s examples are both tugboats, in which generally a 
if thi ——_ Pap pine memes oF, oo. 
area be no’ ly e may 
be made too wide at the tip and thus cause vibration ; for 
example, I have just lately fitted a new screw to a tug here, 
the old propeller being 5 ft. 6 in. in diameter, and no less 
than 3 ft. across the tip of the blades. I can quite see a 
vo to be served by a row of a along the 
cading edge ef the blade, but whether that is attained 
cannot be determined except by a trial on some ocear- 
going steamer, as tugboats and other vessels working in- 
termittently do not show the corrosion so manifestly. 
Apologising for the length of this letter. 
am, Sir, yours obediently, 


WILLIAM Sisson, 
Falmouth, July 19, 1879. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 
a Pig [ron Market.—The warrant market was 
again e 
per ton was 
40s. 


6}d. cash and 40s. 74d. cight days, sellers at the close 
. 74d. cash and 944. one month, buyers 

offering 1d. per ton under. There were transactions 

the afternoon at 40s. 8d. one month, and the market closed 

fone ets yy tT 

ers near. o the occurrence 

Fair Holida Fong te no iron market held either 

Friday or Monday, business being entirely 

ve» shed wap the blast furnaces being’laid idle. 


Business was done in the forenoon at 


Ft 


r last Thursday, and a further advance of 14d. | half 


business was resumed fi 
quiet but somewhat firm. Iron 
extent at 40s. 8d. and 40s. 9d. one month, also at 40s. 8d. 
cash, and the close was at 40s. 8d. cash and 40s. 93d. 
one month, sellers holding out for 1d. more per ton. Busi- 
ness was transacted in the afternoon at 40s. 9d. and 
40s. 84d. cash, the market closing with buyers at the latter 
figare and sellers at the former. The warrant market was 
firm this forenoon, when business was done at 40s. 10d. and 
40s. 94d. cash, also at 40s. 11d. and 40s. 10}d. one month, 
ner at om close as 40s. on < oe. “ia one 
month, and buyers remaining at 1d. per ton less. ere 
was a firm market in the afternoon at the forenoon’s ps | 
rices. pos py is still meeting with only a very d 
emand, and the firmness displayed in the warrant market 
seems to have imparted no strength to the general trade. 
In the mean time the only result is larger deliveries into the 
public warrant stores, that being at present the only ready 
outlet for pig iron. A large quantity is daily being sent 
into store, and the total stock with Messrs. Connal and Co. 
up till the end of last week was 282,574 tons, showing an 
increase for the week of 2532 tons. There is no change to 
note in the number of blast furnaces at present in actnal 
operation, the total still being 90 as against 96 at the same 
time last year. The shipments of pig iron from all Scotch 
for last week amounted to tons as against 
104 tons in the corresponding week last year. 


The Malleable Iron Trade.—Taking it on the whole this 
branch of trade still remains very depressed. A few of the 
works have a fair amount of orders in hand, but both in the 
Motherwell and Coatbridge districts there is an almost 
chronic complaint of few orders and unremunerative prices, 
and the prospects are most discouraging. 

arnt in Clyde Shipbuilding.—The new iron screw 
steamer Claudius, a handsome vessel of 1450 tons, built 
and engined by Messrs. Alexander i and Sons, 
Linthouse, Govan, for Hamburg owners, left the Mineral 
Terminus Quay, G w, last Wednesday morning for 


coupass-adjusting at the Gareloch, and thereafter to run 
a trial tri before D nse Sy her maiden vo to Con- 
stantinople and tz. She carried nearly tons of 


coal, put on board in less than a couple of days at the 
steam cranes. The Claudius is a remarkable example of 
the celerity with which vessels can be constructed on the 
Clyde, her keel jews only laid on the 4th of April last, 
and she was launched on the 9th inst., and took her depar- 
ture early on Wednesday morning, being six days after 
launching. Her boilers, engines, and interior equipments 
were all fitted up before she was placed in the water. The 
whole time occupied in her construction and loading was 
three months twelve days—for a vessel of her size and 
tonnage an almost unexampled feat. 


Foreign Exports of Machinery, &c., from Glasgow.—The 
oy ym of machinery and other iron manufactures, 
&c., from Glasgow, rt 


a, the past fortnight in- 
cluded the following : hinery, 75001., to Adelaide, New 
Zealand, Demerara, &c.; cast-iron pipes and other cast- 
ings, 33,0001., to Rio de Janeiro, re any Adelaide, 
Sydney, New Zealand, and Cadiz; steel rails, 956 tons, 
edist, to Montreal ; ony ng ana gig _ to 
; an iron fo Rangoon, .5, sewing 
machines, chiefly to Continental cities, 12,0001.; in addi 
tion to which pig iron of the value of 10,0001. was shipped, 
and unenumerated manufactured goods of the value of 
26,0001.—the total declared value being a tidy sum of 
fully 100,0001. 


The cuaponet Meteorological Station on Ben Nevis,— 
At the ey ny of the Scottish Meteorological 
Society held on pang, Menge in Hen it was 
stated that the society been refused a grant from the 
Royal Society Scientific Research Fund in aid of establish- 
ing a station on Ben Nevis. The cost of erecting the 
station would be about 10001. The chairman, in speaking 
to the , referred to the proposed station at Ben 
Nevis. most every other country, he said, had high 
level stations—the icans had two, one at 6000 ft. and 


American 
te the other at 14,000 ft. above the sea level—and it was some- 


thing astonishing that in Britain there was no high-level 

station. He trusted public opinion might be brought to bear 

insuch a manner that they might beenabled to accomplish 

_ —- object of having a high-level station at 
m Nevis. 





Tue Exxcrric Liegut.—Some time ago (see @ 417 
ante) we gave a résumé of Mr. Keate’s report on the work- 
ing of the electric light on the Thames Embankment. We 
think that if a fresh report were issued, it would be found 
that the cost of the electric lighting on the Jablochkoff 
system would be reduced to nearly that of A great 
deal of the success here, as we have before pointed out, has 
been due to the excellent performance of Messrs. Ran- 
somes, Sims, and Head’s engine, which is of 20 horse 
power nominal. en the engine was put down last year 
it drove 20 lights, indicating about 23 horse power, and 
barning about 3.8 lb. of coal per horse power per hour. 
Later on 20 more lights were added ; the engine then gave 
out about 38 horse power indicated, consuming about 3.2 Ib. 
ofcoal. About a fortnight ago an exhaustive experiment 
was made with three sets of Gramme machines giving ~ P 
to 60 iamps, and covering a circuit of nearly a mile and a 
. The engine was found capable of pes | the in- 
creased number of machines without the least difficulty ; 
the 60 lights burned more steadily than ever, and the indi- 


cated horse power developed was about 58. We do not 


in | think the consumption of coal for driving these 60 lights 


will exceed 3 lb. per indicated horse power per hour, and as 
general working charges would not be much more, if 
any, than those incurred in working the 20 lights, of course 
the between the cost of gas and that of the 


F 


: 





will now come out much more favourably for 
the latter than before. 








[Jory 25, 1879. 


ENGINEERING. 











72 





rye . ¢ ~ Cy z T ot 5 Ft a 





nam L 0 ‘ t e e g 9 - e 6s & 








* 


SSH 


Din « 
OES tS A) 


mee 
QrpeSearS— — zi N X j: 4 
5 (om Omn @) 0 0;0 0 OO Or 18 


i) 

.) — 

6) Bros Ste ) 
. ¥ yp 

DO Yrs 



































S 

NY 

N 

N 

N © 
N 

N 


6 S 
S> 
S 
YS 
3 
38 S 
—_——————— 














SS 

















ie 70 wIQII¢E ‘HS 10 4012999 





‘77 WM U022099 ‘CT 2 ww Uu0nNI9¢ 





*p Brg 





(‘$9 ebvg aa8 ‘uoudisoseg 40J) 


‘ASTHO-NI-UFANIOND “AMV ‘KN ‘Sluvd ‘SHYOM S.ANVdUNOO AHL LY GXLOAULSNOO 


AVATIVY NVANVYYALIGAW GNV SNOAT ‘SIUVd AHL YOU AAILONOIVOT Sao0o0y 














Juty 25, 1879.] 





ENGINEERING. 





73 





AGENTS FOR “ ENGINEERING.” 


MANCHESTER: John Heywood, 143, Deansgate. 
Guiaseow: William Love. 
EornBurGs: John Menzies and Co.,12, Hanover-street. 
FeRance: Lacroix, 54, Rue des Saints Peres. 
Beweiom: P. Bailly, 12, Rue du Parchemin, Brussels. 
Kirkland and Cope, Ostend. 
Unctgep STATES: Lenox Smith, 46 Pine-street, New York. 
Vienna: Lehmann and Wenzel,Karntnerstrass 
Gerold and Co. 
Lerpzié: Alphons Dirr. 
F. A. Brockhaus. 
Berwin: Messrs. A. Asher and Oo.,5, Unter den Linden. 
CaLcuTtTa: G. CO. Hay and Co. 





Advertisements cannot be received for insertion in the current 
week later than 5P.M.on Thursday. The charge for advertise- 
ments is three shillings for the first four lines or under, and eight- 

mce for each additional line, The line averages eight words 

ayment must accompany all orders for single advertisements, 
otherwise their insertion cannot be guaranteed. Terms for 
displayed advertisements on the wrapper and on the inside pages 
may be obtained on application. 

The price of ENGINEERING to annual subscribers in the 
United Kingdom receiving copies by post is 1U. 9s. 2d, per annum, 
this including two double numbers. If credit be taken, the charge 
is 28. 6d.extra, the subscriptions being payablein advance. 

FOREIGN SUBSCRIPTIONS. 

The rates for subscriptions to ENGINEERING from abroad are: 

1. 158.8d, For Australia (via Southampton), Austria, Belgium, 
Brazil, Canada, China (via Southampton), Denmark, 
Egypt (via Brindisi) ,France,Germany, Greece, India 
(via Southampton), Italy, Netherlands, Natal, New 
Zealand (via Southampton), Norway, Portugal, 
Russia, Spain, Sweden, Switzerland, and United 
States of America, 

21. 4s. 4d. For Australia (via Brindisi), China (via Brindisi), 
India (via Brindisi), and New Zealand (via Brindisi). 

All accounts are payable to the publisher, Mr. CHARLES GIL- 
BERT, 37, Bedford-street, Cheques should be crossed “Union 
Bank, Charing Cross Branch.” Post Office Orders to be made 
payable at 407, Strand, London, W.C. 

Office for Publication and Advertisements, No. 37, Bedford- 
Street, Strand, W.O, 


ENGINEERING is registered for transmission abroad. 


ReaDING CAsES,—Reading cases for containing twenty-six 
Numbers of ENGInBERING may be had of the publisher or of any 
newsagent. Price 6s. each, 








NOTICE TO AMERICAN SUBSORIBERS. 

We beg to announce that we have appointed Mr. Lenox 
Smith, 46, Pine-street, New York, the sole agent for Enai- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. ox 
Smith is also prepared to receive advertisements for ENGI- 
NEERING, and will afford full information as to terms, &c., on 
application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10 dols, U.S. currency 
payable in advance. 


ENGINEERING. 


FRIDAY, JULY 25, 1879. 











THE STONECLOUGH BOILER 
EXPLOSION. 

Fo.ttowine closely upon the debate on boiler 
explosions in the House of Commons and the so- 
called simultaneous explosion of six boilers at Colt- 
ness, more than ordinary interest has been taken 
in the explosion which took place at Stoneclough on 
the 16th of June. The loss of life and destruction 
to property were not so great asin some recent ex- 
plosions, and the interest excited by this disaster 
is mainly due tothe boiler having been under in- 
spection and insurance, and to the difference of 
opinion as to the cause expressed in the reports of 
the chief engineers of the boiler companies who 
gave evidence. In our number of the 11th inst. 
(vide page 37 ante) we published these reports, in 
which particulars are given of the history, con- 
struction, equipment, and condition of the boiler. 
We now propose to make our comments on these 
reports and the evidence given at the inquest. 

Mr. Hiller, the chief engineer of the National 
Boiler Insurance Company, by whom the boiler was 
insured, and Mr. Baldwin, the chief engineer of the 
Mutual Boiler Insurance Company, both agree 
that the explosion was due to the collapse of the 
flue tubes, but here their agreement ends, and they 
differ as to how the collapse of the tubes came about. 
Mr. Hiller’s opinion is that the tubes collapsed in 
consequence of overheating through actual deficiency 
of water. He bases his opinion upon the manner in 
which both the furnace tubes are forced down, upon 
the form of the bulgings, and upon the general and 
simultaneous failure of both the tubes. We may 


add that cases certainly have occurred where only 
one tube in a Lancashire boiler has collapsed when 
the cause was inherent weakness in the tube and 
inability to resist the working pressure, as for 
instance the collapse of the right-hand tube in a 
Lancashire boiler at Rochdale on March 30, 1876. 
Mr. Hiller also accounts for the cause of the 





deficiency of water by saying that this was due to 
the fracture of the cast-iron vane the blow- 
out valve to the bottom of the boiler, which allowed 
the water to discharge into the flue underneath. 
We grant that this is a very plausible explanation 
of how the assumed deficiency of water took place, 
and it is quite as difficult to disprove as it is to 
prove. 

Mr. Baldwin, in his report to the coroner, gives his 
opinion that the tube collapsed not from shortness 
of water, but from inherent weakness, and gives 
some reasons for this opinion, which to say the least 
are novel. In an appendix to his . Mr. 
Baldwin states the tubes have collapsed downwards 
at the crowns and upwards at the under sides at one 
and the same time, the collapsed plates meeting in 
the middle of their length and in the axis of the 
tubes. It is to be regretted that Mr. Hiller did not 
mention this upward collapsing of the tubes and 
attempt to reconcile it with his theory of the cause 
of the collapse, as it is by far the strongest evidence 
against his opinion that the collapse was due simply 
to shortness of water. It is also somewhat strange 
that Mr. Baldwin did not mention this upward col- 
lapsing in the body of his report. Neither report 
contains any description of the form of the collapse, 
which to our mind is a very remarkable omission. 

It may be argued by those who account for the 
collapse by the shortness of water theory, that the 
water level was reduced gradually, and the flattening 
of the tubes on the crown by the pressure was 
accompanied by a forcing out of the sides, and a 
consequent reduction of the strength of the tube 
below as well as above. The opinion that such a 
forcing out of the sides of both tubes, consequent 
upon overheating of the crown, would occur to such 
a degree as to cause the underside to be as weak as 
the crown, does not appear to be based upon ex- 
perience. Let us, however, grant that this theor 
may be correct, thenit only serves to show that oath 
a tube has too small a margin of safety, and that a 
slight distortion from overheating without adeficiency 
of water would render it unable to resist the working 
pressure of the boiler. Assuming the furnace plates 
to have been ,, in. bare in thickness for a length of 
10 ft., and the 20 ft. length beyond to have been 
gin. thick, we may take the collapsing pressure of 
the tubes to be at the outside ils Ib, per square 
inch. As the working pressure was about 53 lb., 
this would allow a factor of safety of a little over 
two. 

It is scarcely worth while discussing the cogency 
or value of Mr. Hiller’s theory to account for the 
shortness of water as a cause of the collapse when 
the tubes had such a small margin of safety that a 
slight distortion would cause them to collapse at the 
working pressure. We admit there are many flue 
tubes working with a margin of safety little, if any- 
thing, over that of the tubes, the cause of whose 
collapse we are now discussing; but we do not 
hesitate to affirm that boiler inspection and in- 
surance companies are very much to blame for 
sanctioning, and consequently encouraging the work- 
ing of boilers with such tubes. 

It is unfortunate that the gentlemen described as 
appearing at the inquest on behalf of the Crown 
and of the Home Office did not elicit from the en- 
gineers of the two boiler companies, who gave 
evidence, what they consider the minimum factor of 
safety that should be allowed for the tubes and 
shells of boilers, and why they are content with 
a less factor for the tubes than for the shell where 
the latter is not liable to suffer from external as 
well as internal corrosion. Another opportunity 
for obtaining this information will be sure to occur 
shortly, unless the inspection and insurance com- 
panies insist upon the strengthening of all flue tubes 
in their insured boilers instead of — content with 
simply recommending their strengthening as at 
present. 

There is no form of malconstruction that is more 
productive of boiler explosions than unstrengthened 
flue tubes, and it is surprising that boiler companies 
are content to go on year after year insuring and 
so perpetuating this form of malconstruction at 
great loss to themselves. When the factor of safety 
that the engineers of the insurance companies are 
content to allow is brought out and made known at 
some inquest, public opinion may be expected to 
come to the assistance of the companies to enforce 
the strengthening of flue tubes. is they are un- 
able to do at present in consequence of the keen 
competition that exists. Boilers having blow-out 
pipes that are admittedly found frequently broken and 
are consequently liable to become short of water at 








any time, should have the tubes strengthened 
in such a manner that their over-heating will not 
result in the boiler being blown to pieces. 

In the case of the Stoneclough explosion, the 
coroner in summing up said the weakness of 
the conclusion that the tube collapsed from being 
unable to bear the pressure lay in the fact that the 
boiler had been working twenty-five years at 50 lb. 
pressure and had worked safely. This gentleman is 
then evidently of opinion that tubes become stronger, 
or at any rate not weaker, in course of time. He 
omitted to mention how near the bursting or rather 
collapsing pressure the boiler had been working so 
long. ‘The jury returned a verdict that the deceased 
met with his death accidentally, and that the ex- 
plosion by which he was killed was caused by the 
collapse of the boiler flues owing to insufficiency of 
water resulting from a fracture of the blow-off pipe. 

We consider that the result of this inquiry is very 
unsatisfactory, as the opportunity has been lost of 
censuring the very gc practice of insuring 
boilers that are working at a pressure they are not 
constructed to bear with safety, according to the 
rules for the strength adopted by the engineers of 
the boiler companies themselves, This remark is 
not meant to apply to any boiler company in par- 
ticular. Itis but a short time ago that it was applic- 
able to all and may be so still. 


THE LONDON GAS COMPANTES. 

In the two last volumes of ENGINEERING, consider- 
able space has been devoted to the description and 
illustration of the various methods that have been 
proposed or adopted for the purpose of adapting 
electricity as a means of artificial illumination, not 
only for large spaces, but also for use in halls, work. 
shops, and private dwellings. Our columns have 
afforded abundant statistics and reports on that 
question. For the present there is no doubt but 
that the electric light stands on its trial. It has 
been put into competition with gas, especially in a 
financial point of view. The gas companies through- 
out England became alarmed, and to some extent, 
wise in their generation, endeavoured to get powers 
to utilise their supposed enemy. The shares of these 
companies sustained heavy depreciation. But, as 
will appear from the following abstract of the 
** Accounts of the Metropolitan Gas Companies” for 
1878, presented last June pursuant to Act of Parlia- 
ment, they have had as little to fear as they have 
had to suffer. 

Foremost of all gas companies is the ‘‘ Gas Light 
and Coke,” which supplies about two-thirds of 
London, embracing also the np roper. The 
following statistics relate to the half-year ending 
December 31, 1878. 

The varieties of capital, and the Acts under which 
they were created, are too numerous for detail. 
It appears that the total paid-up capital amounts to 
7,165,000/., that there remains 1,100,000/. to call up ; 
giving a total amount of authorised capital of 
8,265,000/. In regard to the loan capital, at various 
interests ranging from four to ten per cent., there is 
a total borrowed of 1,561,500/., leaving 1,000,000/. 
to be borrowed. Of this loan capital 624,300/. is 
paid-at the rate of 4 per cent. interest, and 627,200/. 
at 44 per cent. The total expenditure on capital 
account amounts to 8,424,582/., leaving a balance 
to capital account of 301,918/. or a grand total of 
receipts of 8,726,500/. 

In respect to revenue the half-year ending 31st 
of December, 1878, R ces 1,228,892/. Of, this 
978,345/. was produced by the sale of gas. Of these 
sales 861,907/. was derived from common gas at 
3s. 6d. per 1000 ft., and 50,944/. by the sale of cannel 
gasat4s.4d. Lighting under public contract produced 
about 65,000/. ‘The sale of residual products afforded 
229,595/., of which coke amounted to 134,032/. ; tar, 
36,571/., and ammoniacal liquor, 56,386/. The re- 
mainder of the income is derived from minor sources. 
On the side of expenditure is charged 857,970/., 
the chief items of which are: Coals, 435,772; re- 
pairs, 145,271/.; salaries and wages, 88,000/.; cost 
of purification, &c., 26,642/. The cost of the dis- 
tribution of gas amounted to 66,621/.; of public 
lamps, 11,000/.; rents and taxes, 41,100/.; general 

ment, 26,212/.; beside minor items, leaving 
a balance of 370,921/. to be carried to net revenue 
account. It is stated that the reserve fund account 
amounts to 137,788/,, and the insurance fund to 
74,2592. 

The total amount of coals carbonised during the 
half-year was 527,239 tons of common and 41,000 
tons of cannel, Of coke 529,336 chaldrons were 
made, 148,144 used, and 356,761 sold, In regard 
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to quantity of gas there were made (in thousands of 
cubic . 5,546,251 of common, and 268,548 of 
cannel. The total quantity sold was 5,219,417 of 
common and 252,547 of cannel. There was an un- 
accounted-for loss of 258,754 of common and 14,398 
of cannel gas, The total number of public lamps 
was 35,387, ‘The usual annual dividend of 10 per 
cent, was paid on the ordinary share stock, 

The remainder of the London gas companies may 
be briefly dealt with, as they bear but a small com- 
parison in extent with that just described, and as it is 
more than probable that amalgamation will speedily 
reduce their number to unity. 

The accounts for the half-year ending December 
31, 1878, of the South Metropolitan Company were 
as follows: Total paid-up capital, 500,000; of 
authorised, 750,000/. ; to of loan capital autho- 
rised but not borrowed, 250,000/. ; total expenditure 
on capital account, 482,725/. The revenue for sale 
of gas, &c., was, 78,266/.; of residual products, 
26,738/., and the total expenditure was 71,400/., 
leaving a balance of 33,790/. to net revenue. The 
total of coals carbonised was 56,129 tons; the quan- 
tity of gas amounted to 548,115 thousands, of which 
502,611 were sold and 40,000 not accounted for. 

The Commercial Gas Company’s accounts for the 
half-year ending December 31, 1878, were as follows : 
Paid-up capital, 620,000/.; authorised, 210,000Z. ; 
loan, 70,000/., paid out of 300,000/. authorised. 
Total expenditure of capital, 658,107/. Revenue 
from gas, &c., 115,064; residual products, 31,707/., 
leaving a balance of 43,909/. to net revenue account. 
The total of coals carbonised was 70,469 tons; of 
gas made, 719,169 thousands, of which 50,879 were 
not accounted for. 

The accounts of the three following companies are 
made up for the year ending 3lst of December, 
1878. 

The London shows a paid-up capital of 760,464/. 
with 873,842/. authorised ; of loan 103,549/. paid up, 
and 75,305/. remaining to be borrowed. ‘The total 
expenditure of capital was 842,177/., revenue from 
gas, &c., 216,460/., residual products 61,2097. The 
total expenditure was 206,158/., leaving 74,681/. to 
carry to net revenue account, The amount of coals 
carbonised was 132,122 tons, of gas made 1,312,414 
thousands. 

The Phoenix Company had a capital paid up of 
1,132,000/., authorised 1,244,000/., and of paid-up 
loan 30,000/. The total expenditure on capital 
account was 1,122,538/. The sale of'gas brought in 
277,8301.; of residual products, 77,450/. The total 
expenditure was 256,443/., and of net balance carried 
to revenue 107,421/. Of coals 174,380 tons were 
carbonised, and the quantity of gas made was 
1,751,028 thousands, of which 81,993 were un- 
accounted for, 

The Surrey Consumers’ Company shows the 
following results: Paid-up capital, 230,000/. ; 
authorised, 250,000/. ; and of loan, 60,000/. paid up. 
The total expenditure of capital was 289,522/. The 
sale of gas produced 94,826/.; of residual products 
25,4677, ; the total expenditure was 88,166/., leaving 
34,623/. to carry to net revenue account. The 
amount of coal used 54,912 tons, and of gas made 
545,898 thousands, of which 34,332 were unaccounted 
for. 

The following was the price charged per 1000 feet 
at the end of last year for common gas by the 


s. d, 
Gas Light and Coke Company 3 6 
South Moteopoliten.. kes 3 0 
Commercial ... 3 5 
London 3 3 
Pheenix die an 8 4 
Surrey Consumers’ ... 3 9 


For the present we shall make no further remarks | © 


on the above statistics, except in observing that, 
with the exception of water shares, there seems no 
more safe or profitable investment than in gas com- 
— shares, In our last volume reports of the 

alf-yearly meetings of each of the above companies 
were given, and it will be found that in most cases 
the directors have resolved to extend their opera- 
tions to heating by gas for domestic purposes, This 
will doubtless still further add to the prosperity of 
the companies, 





THE WESTINGHOUSE BRAKE. 

In dealing last week (vide page 53 ante) with the 
recent trials of the Westinghouse automatic brake 
on the North-Eastern Railway, we promised to re- 

ace some of the diagrams taken on that occasion 
y means of Mr. Westinghouse’s ious speed 
indicator. This promise we now by giving 


engravings of the curves taken during four of the 
1 our diagrams being fac-similes of the originals. 

The pair of curves shown in Fig. 1 annexed, were 
taking during stops No. 4 C and 3 D respectively, 
these being experiments in which the train was 
brought to a stand as quickly as possible, the driver 
applying the brake. in the C group of trials the 
friction valves were used, while in the D group 
these valves were thrown out of action.* In the 
diagrams the horizontal distances represent feet 
travelled by the train after the application of the 
brake, while the vertical heights signify speeds, the 
vertical scale being such that the heights are pro- 
portionate to the squares of the speeds. Under these 
conditions if a train wes subjected to a uniform re- 
tarding force from the moment of application of the 


brake until the train came to a stop, the line drawn 
200 
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stop was made in a distance of 233 yards, the 
air pressure used being 85 lb. 7 square inch, 
while in the case of stop No. 3 D the initial speed 
was 50} miles per hour, the distance run 225 ft., and 
the air pressure used 72 lb. per square inch. The 
retarding force expressed in percentages of the 
weight of the train was 12.9 and 12.5 per cent. in the 
two cases respectively. We have chosen these two 
examples, as they are conveniently comparable ; but 
in each of the series which they represent better 
stops were made, as will be seen on reference to the 
Table No, III. on page 54 of our last number. 

Referring now to the diagrams Fig. 1, it will be 
seen thatin the case of stop No. 4 C the brakes had 
commenced to fairly ‘‘ take hold” by the time about 
75 ft, had been travelled—or in less than a second 
—and from this point the line marking the retarda- 
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by the speed indicator during the stop would be a 
ight line with a uniform inclination throughout. 
On the other hand, the application of a retarding 
force increasing in amount towards the end of a 
stop would give a curve which would be convex up- 
wards, and vice versd, and thus from the form of the 
line drawn we can determine the action of the 
brake from the moment of its application. As we 
explained last week, the speed indicator was started 
electrically by the first movement of the brake-valve 
handle, and thus each diagram was commenced in- 
stantaneously on the driver commencing to operate 
the brake valve. Thus if the driver was not very 
prompt in his movement of the handle, it was pos- 
sible for the diagram to start slightly before the 
brake was really applied, the record being thus 
against the performance of the brake. 

In the stop No. 4 C the speed when the brake 
was applied was 52 miles per hour, and the 








* For details of these 54 of our last 
; experiments see page our 
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tion is almost straight, showing a practically uni- 
form resistance. The friction valves thus appear to 
have answered their purpose — . In the case 
of the experiment No. 3D, the application of the 
brake appears to have been even more prompt than 
in No. 4C, but the line of retardation is at its com- 
mencement somewhat convex upwards, showing that 
at the ae of the stop the rate of retardation 
was less than at a later period. This result is pro- 
bably due to the fact that the pressure of air em- 
ployed was less than in experiment No. 4C. 
~— Galton’s researches have proved —_ that 
at high speeds the pressure required on the brake 
blocks to produce a given tangential resistance is 
greater at high than at low speeds, and as we have ex- 
plained on previous occasions, one of the advantages 
of the friction valves is a they me a 
necessary hi, ressures to employ out 
risk of a ae skidding when the is re- 
duced, Inthe case of the stop D 
pressure used, namely, 72 lb. per square inch, was 
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evidently insufficient to produce at the earlier period 
of that stop the resistance which was obtained in 
the case of experiment No.4C. On the other hand, 
after about 150 ft. had been run, the 72 lb. pressure 
available in experiment No. 3D appears to have 
effected all that the friction valves allowed the 
85 lb. pressure to do in the stop No. 4C, the two 
lines on Fig. 1 being practically parallel until the 
speed had in each case been reduced to about 22 
miles per hour. From this point the line corre- 
sponding to experiment No. 3 D curves more rapidly 

ownwards, showing an increasing resistance due to 
the maintenance of a uniform air pressure in the 
brake cylinders, while in the case of experiment 
No. 4(C, the friction valves reduced the air pressure 
in the brake cylinders towards the end of the run, 
thus keeping the resistance constant. The great in- 
crease of resistance in the case of experiment No. 
3 D just before stopping is strongly marked in the 
diagram. 

The lines in the diagrams Fig. 2, refer to two 
‘“‘slip” stops, Nos. 2 E and 1 F, the train in these 
cases being slipped from the engine and the brake 
being applied automatically by the pulling apart of 
the hose couplings. In the case of the experiment 
No. 2 E the friction valves were in use and the stop 
was made in a distance of 208 yards, from a speed 
of 55 miles per hour, the air pressure employed 
being 74 lb. per square inch, In the experi- 
ment No. 1 F the initial speed was 50 miles per 
hour, the distance run 173 yards, and the air pres- 
sure used 85 lb. In this latter stop the friction 
valves were not employed, An examination of the 
diagrams shows that the promptitude of application 
of the brake was even greater than in the cases re- 
presented in Fig. 1. It will also be seen that owing to 
the lower air pressure available in experiment 
No. 2 E, there is a decided convexity apparent in 
the earlier part of the retardation line, while the 
high pressure available in experiment No. 1 F has 
improved this portion of the line in that case. The 
difference in the air pressures has thus had the effect 
of rendering the earlier parts of the retardation 
lines more nearly alike in experiments 2,E and 1 F, 
than was the case in experiment 4C and 3 D, which 
we previously compared, During the major part of 
the stops the lines 2E and 1F are practically 
parallel, but just before the train actually came to a 
stand the line 1 F curves more rapidly downwards in 
the manner we explained when dealing with Fig. 1. 
We may add that the percentages of retardation 
obtained in the experiments 2 E and 1 F were prac- 
tically identical, being 16.1 per cent. and 16 per cent. 
respectively. Altogether the diagrams show no 
decided advantage derived from the use of the 
friction valves save the more easy character of the 
stop which they produce at the finish. With a 
greasy rail, however, the case might have been dif- 
ferent. On this point, however, we spoke last 
week, 

In Figs. 3, 4, and 5 we give reproductions of the 
diagrams taken to show the promptitude of applica- 
tion of the brake in different parts of the train when 
working with different air pressures. As we ex- 
plained last week, the experimental van was placed 

successively as the lst, 14th, and 24th vehicle of a 
train of 24 carriages, and while in the position of 
14th the train behind it was disconnected, so that 
the van was used first as the fourteenth vehicle of a 
train of twenty-four, and then as the last vehicle 
of a train of fourteen. In each position experiments 
were made with three air pressures, namely, 30 Ib., 
60 lb., and 80 Ib., an indicator rm, og being in each 
case taken from the brake cylinder. The paper of 
the indicator had motion given to it.by a water clock, 
this clock being started electrically by the first 
movement of the brake valve handle on the engine. 
We last week gave the results of these experiments 
(vide Table No. VI., page 56 an¢e) in a tabular form, 
and we now in Figs. 3, 4, and 5, page 75, give the cor- 
responding di . In these di horizontal 
distances represent time, and vertical heights pres- 
sures on the brake cylinder, Taken in conjunction 
with our Table of last week, the diagrams will be 
perfectly clear, and the results which they show are 
very striking. 

In our article of last week we had occasion to 
speak of several improvements in detail lately 
effected in the Westinghouse automatic brake, and 
in conclusion we may now describe another which 
is represented by our engravings on page 76. This 
improvement refers to the mode of supporting 
the hose pipes when not coupled. Instead of 
allowing them to down or supporting 
them by. a chain, Mr. Westinghouse now fixes 





to the headstock of the carriages, in the i- 
tion shown by Figs. 1 and 2 on page 76, a kind 
of dummy coupling. This coupling is repre- 
sented by the detail views Figs. 3 to 5, at is, 
as will be seen, so made that the coupling af the 
end of the hose pipe can simply be coupled to it as 
it would be to another hose pipe. The position as- 
sumed by the hose pipe when thus coupled to the 
dummy is shown on the left-hand side of Fig. 1, and 
it will be seen that the arrangement is a very neat 
and handy one. Figs. 1 and 2 also show the manner 
in which the hose pipes are now connected to the 
brake pipes, the bends formerly used at the end of 
the latter being dispensed with. To keep the hose 
from being chafed by the ball of the screw coupling, 
this ball is kept out of the way by being slung by a 
short chain as shown, this being the arrangement 
adopted on the North-Eastern Railway. The same 
end may, however, be attained by slightly shorten- 
ing the ball rod, as indicated by the dotted lines. 








THE TOWER BRIDGE. 

On Monday last the Select Committee on the Bill 
for the Tower Bridge terminated the long suspense 
of the many anxious parties awaiting its decision by 
pronouncing the preamble’not proved. The same 
conclusion was arrived at by the Committee of the 
Lords sitting on the Bill promoted by the Corpora- 
tion for the widening of London Bridge, so the 
whole question of additional accommodation is 
postponed, and the only result of the tens of thou- 
sands of pounds spent in the contests this session is 
the mass of information elicited from the hundreds 
of interested citizens who have given evidence and 
stated their hopes and fears to the several com- 
mittees. 

The Tower Bridge case will ever be remembered 
by lawyers on account of the ‘ Grissell” incident. 
As most of our readers will know, the Parliamentary 
world was startled some weeks ago by the rumour 
that Mr. J. S. Ward, solicitor to Mr. C. E, Grissell, 





ect unanimity of the wharfin men like Mr. 

vell, who is rated at 15,000/. a year, and pays 
3500/7. a year in rates, Alderman Humphrey, who 
pays 35,000/. a year in w and 3000/. in rates, 
and other equally interested men, who believed that 
the construction of the bridge would be a “ calamity.” 
Sir Edmund argued that it might be a most reason- 
able thing that masts should be lowered, but that even 
if it could be done in an hour or less it would not 
affect his contention, which was that the wharfingers, 
who had taken a to inquire, had found out that 
those owning the ships would in practice go to 
some place where they would not require to lower 
their masts. 

In reply Mr. Pope, Q.C., very ably met the points 
raised by Sir Edmund Beckett and brought back 
the question to the original basis: Is it on the 
whole a greater inconvenience for some seven ships 
a day to strike their topmasts than for 60,000 
persons a day to g unnecessarily a third of a mile 
out of their way? ‘Fhe Committee decided that it 
was, and though Sir Joseph Bazalgette, no doubt, 
will feel disappointed at the result, it will be some 
satisfaction to him to reflect that the engineering 
proved unassailable, even Sir Edward Beckett 
volunteering the statement ‘1 have no fault to find 
with the engineering,” and that the Committee 
prefaced theirdecision by an expression of their ‘‘ very 
high sense of the quality of the evidence tendered 
both on behalf of the promoters of the Bill and by 
those in opposition.” 





PROSECUTION FOR UNSEAWOR- 
THINESS. 

THE case of the s,s. Arbutus, which has lately been 
tried in Dublin, affords another illustration of how 
futile it is to attempt to bring home unseaworthi- 
ness culpability to the masters or owners of vessels 
even in flagrant instances of unseaworthiness, when 
the prosecutors are the Board of Trade, and those 
prosecuted have themselves been exposed to all the 









































had officially stated to some of the opposing so- 
licitors that his client could ‘“ control the Com- 
mittee,” and could in effect get the Bill thrown out 
for a sum of 2000/. No one believed the state- 
ment, and the first impulse was to kick Mr. Ward 
down stairs, but on reflection it was considered that 
the crime was too heinous for so simple a settle- 
ment, and the matter was brought before the House 
of Commons. A committee of inquiry was ap- 
ointed, and both Mr, Ward and Mr. Grissell were 
ound guilty of stating untruths, and of committing 
a eet ge privilege of the House, On Wednesday 
last the Sergeant-at-Arms was called upon to brio 
the offenders to the bar, when it was announce 
that the former was present, but that the latter had 
discreetly retired to Boulogne. The Chancellor of 
the Exchequer moved a resolution, which was car- 
ried unanimously, that a warrant should be issued 
for the apprehension of Mr. Grissell, and the 
Speaker called upon Mr. Ward for his defence. 
This was considered unsatisfactory, and upon the 
motion of the leader of the House, seconded by the 
chief member of the Opposition, Mr. Ward was 
handed over to the Sergeant-at-Arms to be locked 
up for the remainder of the session. pe ied J 
One of the consequences of the preceding inci- 
deat was the sudden arrest of the speech of the 
leader of the Bar—Sir Edmund Beckett—a period of 
three weeks separating its first from its concludin 
rtion. In resuming on Monday last Sir Edmun 
id streas upon the want of unanimity in the Metro- 
politan Board of Works itself, since if two of the 
members had not been persuaded at the last mo- 


ment to e their minds is yous have been 
a tie, and the project wo ve been pro- 
with at oi With this he contrasted the 





risk, The Arbutus, a small steamer running be- 
tween Maryport and Dublin, and owned in Dublin 
by Mr. J. Shaw Campbell, sustained injury by 
grounding in afoul berth when loading at Mary- 

ort, about the 20th of January last. The hull was 
Bilged on the starboard side, and the plating 
was rent down from the top to the bilge on that 
side, the port side remaining uninjured. The cap- 
tain very properly considered the damage very 
serious, mn made the usual formal report to the 
Receiver of Wreck, and in that affidavit he stated 
that the vessel could not proceed to sea without 
being repaired, Convenience for repairing the vessel 
pry | not at once be obtained, and in the mean 
time the owner had been communicated with, 
and as Mr. Cowper’s writing telegraph is not yet 
working across the Irish Channel, a hand sketch of 
the nature of the damage could not be — 
but only the captain’s statement in words, Mr. 
Campbell, the owner, who we know would have 
been the first to have forbidden the brave crew and 
master of the Arbutus from putting to sea at such 
a risk, from his office in Dublin wired to the captain, 
‘‘Come, certainly, if you consider you can make 
the passage with safety,” and the captain and his 
crew bravely, butin our opinion most murenesan as 
put to sea with the steamer broken down, as on the 
sketch, through 10 ft. 9 in. of the 


jating and 
through the stringer plate on the stasboand side ; 


the wooden rubbing piece only was unbroken. 
There is not a jury in Dublin could convict for such 
a brave, hazardous violation of the law which 
brought an Irish steamer safe home to be repaired 
by themselves. The witnesses who on oath declared 
that condition of the Arbutus to be one not incon- 
sistent with perfect seaworthiness must 
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have formed their opinion merely on the result of 
the voyage: the experiment was made, and it was 
accomplished safely, therefore the vessel must have 
been seaworthy. 

The Board of Trade have acted well in prose- 
cuting in this case, even to lose the verdict, for the 
opinion of the judge is so distinctly pronounced 
against the course adopted in this instance, that the 
warning may prove as effectual as a conviction. It 
is curious to note the loophole through which the 
jury have apparently been able conscientiously to 
draw an uittal of the master. The law reads 
that even if the master knows his vessel to be 
unseaworthy, if he can show that the taking of the 
ship to sea was, under the circumstances, ‘ reason- 
able and justifiable,” he shall be acquitted. The 
judge, no doubt unintentionally, in asking from the 

ury their decision on this point, changed the ‘‘ and” 
into “ or,” and the jury were then at liberty to con- 
sider the taking of the vessel to sea as justifiable, 
seeing that they who were deciding the question were 
themselves exposed to all the risk} although they 
might be unable to calmly declare that it was also a 
reasonable risk for any crew to be exposed to, or 
such a reasonable risk as they themselves would be 
willing to run. The jury therefore gave their deci- 
sion that it was ‘reasonable or justifiable,” but 
whether they meant “reasonable” or “ justifiable,” 
their finding showeth not. 

In addition to their own officers, we observe that 
Mr. J. F. Flannery was in appointed as an 
expert to give evidence for the B of Trade in 
this trial. 


Vicrorian Rartwayrs.—There are now 1089 miles of rail- 
in operation in Victoria.. The corresponding extent 
< » in operation in Victoria in the summer of 1878 was 
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THE LATE MR. W. FROUDE, F.R.S. 
(Concluded from page 526, vol. exvii.) 

In our previous remarks on Mr. Froude’s labours, 
we have referred briefly to the question of resist- 
ance to rolling, arising from the fact that the 
oscillations of ships are performed in a resisting 
medium, This branch of the subject received ex- 
tensive treatment at the hands of both Mr. Froude 
and Professor Rankine, who, however, followed, as 
we shall see, quite different lines of thought. 

Mr. Froude, in his first paper on rolling, argued 
the problem from the somewhat analogous case of a 
pendulum swinging through small angles in a re- 
sisting medium where the resistance, except in 
small oscillations, is as the square of the velocity, 
and where the range is ually reduced, although 
the period remains unaltered, or nearly so. Mr. 
Froude’s idea was to treat the effects of resistance 
apart from the equations of rolling, and to intro- 
duce the former as elements of correction into the 
results obtained from the latter. He pointed out 
that if a ship were set rolling through large angles 
in still water, and then left free, the amplitude of 
each roll would go on diminishing until the vessel 
came to rest; and obviously if the range of each 
roll to starboard and port were recorded, and set 
up as ordinates, the abscisse being either equal 
intervals of time or the number of rolls, a curve 
would be obtained showing the rate of subsidence of 
the rolls. This curve was called by him the “curve 
of extinction,” and by the help of another curve 
representing the mechanical energy incident to each 
range, the amount of work expended on resistance 
at each roll, according to its range, could be ascer- 
tained. Having obtained this, Mr. Froude used it 
to modify the diagram of unresisted rolling, by 
setting back at each phase of the rolling an amount 






































of angle equivalent to the energy absorbed by re- 
sistance, as shown by the curve of extinction. The 
assumption made by Mr. Froude in reference to this 
branch to rolling, was that the resistance was offered 
by surface friction, and the transverse motion of 
the keel or other projections, through the water. 
Several ree after, in 1872, he introduced another 
factor of even greater importance than these, which 
he termed the ‘‘ wave-making function ” of the ship, 
to which we shall allude again further on. Before 
doing so, however, it may be well to glance at the 
mode of procedure adopted by Professor Rankine. 
Mr. Froude had written and spoken on the subject 
of resistances in 1861 and 1862, as will be seen by 
the Transactions of the Institution of Naval Architects 
for those years, and he showed that the curve of 
extinction was a harmonic curve, when the resist- 
ance was taken as the square of the velocity. Pro- 
fessor Rankine discussed the subject before the 
same Institution in 1863 and 1864, more especially 
in a paper ‘On the Action of Waves on Ships’ 
Keels,” read in the: latter of these two years. 
He introduced the element of resistance into the 
equations of wave motion, basing his investigations 
chiefly on the following considerations : 

Viewing the rolling of the vessel as analogous to 
oscillations of an immersed pendulum small com- 
pared to the size of the pendulum, he took the resist- 
ance to vary as the velocity, arguing that as the part 
of the resistance which varies as the square of the 
velocity affects the extent of rolling only, and not 
its period, the conclusions arrived at by considering 
that part only which varies as the velocity simply 
are correct as regards the period of rolling, although 
the real extent of 2 rolling may be less than that ar- 
rived at by calculation. 

Dealing, then, with the steadying action of the 
keel in smooth water, he showed that the effect of 
the resistance caused a lengthening of the periodic 
time of rolling, in the same proportion as if the 
moment of inertia of the ship were increased in a 
ratio depending on that resistance. This led Pro- 
fessor Rankine to consider a means by which this 
increased moment of inertia, as it were, of the ship, 
or the ship and the water it set in motion, could be 
arrived at, and he describes in the paper referred to 
a means of obtaining by rolling experiments in still 
water an expression for what he terms the ‘‘ /everage 
of keel resistance,” which he defined as the length of 
the lever at which the whole weight of the ship would 
have to act, in order to exert a moment equal to the 
moment of resistance opposed by the water to the 
keel, when the angular velocity of rolling is unity. 





Taking the resistance to vary simplyas the velocity 
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causes the range of the successive rolls to diminish 
in geometrical progression, whereas when it is taken 
as the square of the velocity, as done at first by 
Mr. Froude, it diminishes, as before stated, in har- 
monical progression. In the former case the period 
is lengthened, whereas in the latter it is unaffected. 
Professor Rankine went beyond the question of 
resistance to rolling in still water and considered it 
among waves, and in so doing he pointed out the 
at difference which exists between the action of 
the keel and deadwood, as it affects rolling, and 
that of the midship and broad part of the ship. 
Pointing out that a bo floating edgwise, so 
loaded as to have no stability, would follow the mo- 
tion of the originally vertical columns of water 
when brought under the influence of wave motion, 
thus leaning towards the crests, whereas the board 
if floating flatwise on the water would follow the 
wave slope, and thus incline away from the crest, he 
contended that the keel and deadwood of a ship 
would tend to follow the action of the vertical 
columns, whereas the midship part would tend to roll 
away from the crest, and these forces would conse- 
quently try to neutralise each other. ‘Thus, there 
are two sets of forces exerted on‘a ship by a series 
of waves; the hydrostatic pressures, tending to 
make her roll with the waves according to principles 
already explained in Mr. Froude’s paper in 1861; 
and the impulse of the particles of water upon the 
keel tending to make her roll agains¢ the waves.” 
Mr. Scott Russell had also observed this tendency 
of the different parts of a ship to make her roll 
in opposite directions, and he built up an ingenious 
theory for designing ships in which the shoulders 
would just neutralise the keel and deadwood so that 
the ship would not roll at all but remain absolutely 
upright. For a fuller account of this we must refer 
our readers to the fourth volume of the Transactions 
. of the Institution of Naval Architects (1863), where 
Mr. Russell’s paper and Mr. Froude’s reply will be 
found. Mr. Froude in effect pointed out that these 
two sets of forces which were to balance each other 
were entirely different in kind, the one constituting 
an active force, the other a passive one, The sta- 
bility having an active tendency to place the ship’s 
masts at right angles to the wave, while the ten- 
dency of the flat side or deadwood to follow the 
vertical columns was a mere passive one, resistance 
which had no influence to make the vessel regain 
this direction once it was lost. In fact, obviously 
there could be no such thing as a balance between 
the two, although one set of forces might, and 
doubtless does, modify the effect of the other. 
Professor Rankine deduced some remarkable re- 
sults in the paper we have been referring to, and 
among the number we may mention: 1. That when 
the period of unresisted rolling of the vessel is to the 


eriod of the waves as 4/2;1, her permanent rolling 
is wholly governed by the motion of the originally 
vertical columns of water, so that she rolls against 
the waves, like a board of no stability fioating edge- 
wise. 2. When the period of unresisted rolling of 
the vessel is less than 4/2 times the period of the 
waves the greatest angle of permanent rolling is 
greater than the greatest slope of the wave, and con- 


versely when it is greater than 4/2 times the wave 
period the angle of heel is /ess than the slope of the 
waves, 

Little advance was made beyond this point until 
the publication of Mr. Froude’s interesting paper in 
6 Naval Science” for October, 1872. Mr. Froude’s 
experiments had shown him that there was an amount 
of work absorbed by resistance during the rolling of 
a ship far in excess of what could be accounted for 
by the elements of surface friction, and what was 
termed keel resistance. He had frequently observed 
the waves that travelled away from a ship or model 
when rolling, and had also discovered that if these 
waves were reflected back to the vessel, as in the 
case of a model rolling in a tank with vertical 
sides above the water level, the rolling was seriously 
disturbed thereby, but it had not occurred to 
him that the making of these large waves absorbed 
most of the work expended by the ship in coming 
to rest. When it did occur to him he lost no 
time in investigating the matter, and found a most 
important element of resistance, which he after- 
wards termed the “‘ wave-making function.” That 
this element of the problem was far more than the 
mere outward sign of keel resistance was clearly 
shown by Mr. Froude by the following illustration : 
Taking a ship of 1100 tons with a metacentric 
height of 3.2 ft., and which starting from 6 deg. heel 
reached 5.65 deg. on the opposite side, losing .35 deg. 





in a single swing, Mr. Froude showed that there were 
4700 foot-pounds of energy lost in the single swing. 
Taking outside figures for the surface friction this 
cause only accounted for 120 foot-pounds, and keel 
resistance could only be made to account for 700 foot- 
pounds, ora total of 820 foot-pounds for the work 
of the skin and the work of the keel out of a total of 
4700 foot-pounds to be accounted for. The re- 
mainder, however, is shown to be easily accounted 
for as energy gone in the formation of a long flat 
wave having its crest el to and equal to the 
length of the ship, and a height that would scarcely 
be' perceptible. 

is is not the place to follow Mr. Froude through 
his investigations relative to the ‘ wave-making 
function,” but the following account, in his own 
words, of how he was led into the idea of it, cannot 
fail to be of interest. After describing how he had 
been bothered in his early experiments by reflected 
waves he says: ‘ Yet it was not till quite recently 
that the true significancy of the fact presented 
itself, when by comparing the self-recorded results 
of two good-sized and similarly weighted models of 
the Devastation, 9 ft. and 18 ft. long respectively, 
two circumstances which were inconsistent with 
each other when tested by the two other accepted 
conditions of resistance, became unmistakably ap- 
parent, namely, that (1) on the one hand the curve 
of extinction was practically the same for both the 
models, large and small alike, and that when the 
models were without bilge keels, (2) the resistances 
deduced from the curves far more nearly corre- 
np with the supposition that skin friction is as 
the velocity simply than as its re: and it will 
be seen presently that if the law of this resistance 
be that it is proportioned to the area and velocity 
simply, the rate of extinction will be relatively more 
rapid for a small model than a large one, so that 
evidently the operation of some other function had 
to be sought out which would give the rate of ex- 
tinction nearly in accordance with that which would 
follow from a resistance proportioned to the velocity 
simply, and yet would give the same rate of extinc- 
tion to the large model as the small. On travelling 
again and again over the whole question the idea 
suddenly suggested itself that the waves created by 
the oscillation had been left out of the account.” 

We regret we cannot do more than make this 
brief reference to a -— which is of immense value 
and full of profound thought, and which have, of 
course rendered it necessary to oy > with great 
caution quantitative results derived from those in- 
vestigations which were based on the earlier received 
ideas of the laws of resistance. 

We have left much of Mr. Froude’s labours in 
reference to the subject of rolling untouched, and 
we have done so with much regret, for they are full 
of original research, and are of no small practical 
importance. His investigations relative to the limits 
of rolling in the trough of the sea, on isochronous 
rolling, and in reference to the effect of bilge keels 
may be mentioned, as well as on the minor rotational 
effects produced on the ship by the differential 
motion or distortion of the particles, a point raised 
by Mr. Crossland, MM. Duhil, De Benaze, and other 
writers. In addition to these may be mentioned the 
experiments made on the rolling of the Devasta- 
tion and other ships of Her Majesty’s Navy, as 
well as the labours undertaken by him for the 
Admiralty Committee on Naval Designs and the 
Inflexible Committee. We must pass on, however, 
to another branch of Mr. Froude’s labours of not less 
importance than that of rolling, and in which he 
has promoted the interests of science to perhaps 
even a still greater degree. 

The subject of the flow of liquids through pipes 
and obstructions, and the resistance of water to 
the motion of vessels wholly, or partially immersed, 
possesses certainly a wider range of interest than 
the rolling of ships. It is in the first place less 
technical, and in the next it affects all branches of 
engineering more or less. It is one, moreover, con- 
cerning which there were numerous rules and 
formule in existence and in constant use which 
few people believed in, and which were constantly 
proving themselves untrustworthy, but which never- 
theless held their ground through the absence of -—_ 
reasonable or decently reasonable theory on whi 
to base formulz more worthy of confidence. 

Any one studying hydrodynamics any time to 
within a very few years ago, must have felt himself 
far away from the solid foundations of mathematics, 
resting on a quicksand, as it were, with little sup- 
= beyond an aggregation of — that 

to be accepted more or less on pure faith, many 





of them without even the semblance of plausibility 
about them, , 

Things began to mend somewhat when the stream- 
line theory was introduced by Professor Rankine 
and Sir William Thomson, but for along time this 
theory remained a mere abstraction, gy perhaps 
for a veryfew. Few things indeed in the physical 
sciences are fnore difficult of clear conception than 
the stream-line theory, especiaily as treated by Pro- 
fessor Rankine, whose great breadth and grasp of 
mind rendered him but too often, we fear, forgetful 
of the fact that while he could take enormous leaps 
and bounds without an effort, ordinary people are 
only able to proceed a step at a time. 

Mr. Froude’s earliest investigations on the subject 
of fluid resistances, date back, we believe, like those 
on rolling, to the days of Mr. Brunel and the Great 
Eastern, but little was heard of them until about 
the year 1867, when a number of experiments were 
made in Torbay, with results that were interesting. 
In 1868, the British Asssociation met at Norwich, 
and, among other things, appointed a committee, 
consisting of Mr. C. W. Merrifield, F.R.S., Mr. G.. 
P. Bidder, Captain Douglas Galton, F.R.S, Mr. F. 
Galton, F.R.S., Professor Rankine, F.R.S., and Mr. 
W. Froude, to report on the existing state of know- 
ledge on the stability, propulsion, and seagoing 
qualities of ships, and as to the application which 
it might be desirable to make to Her Majesty’s 
Government on these subjects. 

Among other things, this committee discussed the 
question of fluid resistances, and in a very interest- 
ing report, drawn up for the committee by Mr. 
Merrifield, and presented to the Association at 
Exeter in 1869, they say, ‘‘We may sum up the 
result in the broad statement that there exists no 
generally recognised theory or rule for calculating 
the resistance of a ship. Many such rules have 
been put forth, but they do not agree in their form 
or in their result, and the credit of each conse- 
quently rests, as a practical matter, on the reputa- 
tion of its author,” 

This was unquestionably true, and it was acqui- 
esced in by Mr. Froude and all the members of the 
committee. The pe however, went further 
than this, and specially recommended that experi- 
ments should be made on full-sized ships, and 
dynamometric results ascertained for the purpose 
of throwing light on the subject. Here Mr. Froude 
dissented from the report, and appended an expla- 
nation of his views, the correctness of which has 
since been amply verified. 

This ‘“ explanation” will always be regarded as 
an important landmark in the subject of resistances, 
Mr. Froude contended: 1, that the experiments on 
the resistances of models of rational size, when 
rationally dealt with, by no means deserve the 
mistrust with which they are usually regarded ; but, 
on the contrary, can be relied on as truly repre- 
senting the resistances of the ships of which they 
are the models ; and, 2, that in order properly to 
open up the question, so great a variety of forms 
ought to be tried that it would. be impossible alike, 
on the score of time and expenditure, to perform 
the experiments with full-sized ships. 

In support of the first of these propositions, Mr. 
Froude demonstrated, with the aid of the stream- 
line theory, his now famous law of ‘“ corresponding 
speeds,” viz,, that the entire resistances of a ship, 
and similar models, are as the cube of their respec- 
tive dimensions, if their velocities are as the square 
roots of their dimensions. Mr, Froude’s reasoning 
on this point, moreover, was verified to a certain 
extent by the result of his experiments made in 
Torbay before alluded to, which also established his 
second point, for some abnormal bluff-ended bodies 
were shown at high velocities to offer less resistance 
than fine wave-line forms, thus showing that ‘‘ we can 
have no ground for certainty that we have found 
even an approximation to the best form, unless we 
have gone experimentally over almost the whole 
ground, and tested a very wide variety of shape.” 

Shortly after this Mr. Froude became a member 
of the ‘‘ Committee on Designs for Ships of War,” 
appointed by the Admiralty after the loss of H.M.S. 

aptain, and he and Mr.G. P. Bidder, another 
member of that committee, were appointed a sub- 
committee to carry out experiments on the subject 
of resistances. Mr. Bidder was however unable to 
attend to these duties, and the matter was eventually 
left in the hands of Mr. Froude, who conducted the 
well-known series of s trials with H.M.S. Grey- 
— off Portsmouth in August and September, 
1871 





These experiments settled several points of the 
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utmost importance. In the first place, when com- 
pared with the trials made with her model, the ex- 
periments with the ship verified the law of com- 
ison between ships and models propounded by 
Mr. Froude, which we have stated above. In the 
next place it showed that the actual resistance to the 
motion of a ship is considerably less than had been 
supposed to be the case judging from the result of 
steam measured mile trials. And finally that an 
enormous waste of power takes place in screw-ship 
propulsion. Mr. Froude in his report shows that 
the Greyhound, a vessel of over 1000 tons displace- 
ment, could be towed at nearly four knots speed 
with a strain on the tow line of only half a ton, 
at 8 knots with a strain of 24 tons, and at 12 knots 
with a strain of only 9 tons. He says: ‘‘A com- 
ison between the indicated horse power of the 
ove eae when on her steam trials, and resistance 
of the ship, as determined by the dynamometer, 
shows that, making allowance for the slip of the 
screw, which is a legitimate expenditure o wer, 
only about 42 per cent of the power exerted by the 
steam engine is usefully employed in propelling the 
ship, and that no less thaa 58 per cent. is wasted in 
friction of engines and screw and in the detrimental 
reaction of the propeller on the stream-lines of the 
water closing in around the stern of the vessel.” 

The report on the Greyhound experiments were 
not completed until March, 1873, and in the mean- 
time Mr. Froude had been engaged on another im- 

rtant series of experiments for the determination 
of the frictional resistance of water on a surface 
under various conditions, A preliminary report on 
this subject was made to the Admiralty in August, 
1872, and a second one in December, 1872. ‘These 
experiments furnished absolute data as to (1) the law 
of the variation of frictional resistance, in terms of 
the variation of the speed ; (2) the law of the varia- 
tion of the resistance in terms of the length of the 
surface ; (3) the nature of the variation of the re- 
sistance in terms of the variation in the quality of 
the surface. Flat boards were experimented upon 
varying in length from 2ft. up to 50ft., and with 
surfaces varying from smooth varnish to coarse sand, 
These experiments with flat hoards were in them- 
selves of little value except as furnishing data for 
other investigations, and in this latter respect it is 
difficult to overstate their importance. 

Among all the contributions made by Mr. Froude 
to our knowledge, that which attracted most atten- 
tion from the scientific world, was undoubtedly his 
‘* masterful exposition” of the fundamental principles 
of the resistance of ships, delivered in the form of an 
address to the Mechanical Section of the British 
Association at Bristol, in 1875, when he was Presi- 
dent of the section, So unusually great indeed was 
the interest taken in this address, that Mr. Froude 
was prevailed upon to deliver it a second time during 
the same meetings, in order that those who had been 
attending to other sections during its first delivery 
should have an opportunity of hearing it. It also 
formed the substance of a lecture delivered at the 
Roya! Institution the following year. 

tarting from the motion of fluid through bent 
pipes of uniform section, then its motion and pres- 
sures when passing through pipes having enlarge- 
ments and contractions of sectional area, and follow- 
ing up closely the doctrine of stream lines, Mr. 


Froude showed by a series of simple steps that ‘a 
submerged body travelling at asteady s through 
a stationary ocean of frictionless fluid will experience 


no resistance.” He also showed that for a partially 
submerged body like a ship, the only causes of re- 
sistance are surface friction, eddy resistance, and 
wave resistance. He conclusively demonstrated that 
the old ideas as to ‘‘ head resistance ” or an excess 
of pressures on the fore body and the diminution on 
the after body were purely erroneous, as. was also 
the equally plausible idea that the area of midship 
section governed the resistance. We cannot do 
better than give Mr, Froude’s ow: forcible language 
on this point. He said: 

“Lest then I should not have made my meaning 
sufficiently clear, I say distinctly, that the notion of 
head resistance, in any ordinary sense of the word, 
or notion of any opposing force due to the inertia 
of the water on the area of the ship's way, a force 
acting upon and measured by the area of midship 
section, is from beginning to end an entire delusion. 
No such force acts at all, or can act, as throughout 
the greater part of this address I have been en- 
deavouring to explain. No doubt if two ships are 
of precisely similar design, the area of midship 


if the ships were similar in every 
would the length of the bowsprit, or 


pose that any par 
displaced from the area of the ship’s way.” 


roude’s paper “On the Ratio of 
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of an analysis of the results of Mr. 
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interest, his pa 


ances of Long Ships of several 
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for vessels of the Comus class, and on the Inflexible, 
Iris, and other shi 
must not forget 


echanical Engineers. 
To the Admiralty Constructors Mr. Froude’s loss 


them on scientific matters of unusual difficulty, he 


each set of lines; and he not unfrequently induced 
them to substitute other lines which he found to 
give better results. It speaks well for the intel- 
ligence of the Constructors that they availed them- 
selves so largely of the assistance of Mr. Froude, 
and we trust, now he has 
not be grudging in their acknowledgments of his 
help. Much of his work, still in their hands, has 
never been published, and they owe it to his memory 
that his scientific investigations should be given to 
the world in their entirety rather than locked away 
anone dusty archives, or dribbled out by future 
= compilers in a more or less unrecognisable 
orm, 


THE LATE MR. JAMES HODGES. 

A sHorT time since, Mr. James Hodges, died at 
his residence, Perry Hill, ot, of heart disease, 
at the age of sixty-six. Although he had not been 
in good health for a considerable time, there was no 
apparent cause for ap mnenring danger to within 
very few hours of his een here are, perha 
few more noteworthy instances of su ul self. 
help than that afforded in the career of Mr. Hodges. 
Born in Queenborough, in the Isle of Sheppey, 
in humble circumstances, and receiving only such 
a limited education as the iy pr p aps at that 
time afforded, he commenced life at an early age, 
first as a sailor, but afterwards at the carpenter's 
bench. The intimate knowledge of working men 
acquired jthus early, and his innate qualities as a 
leader amongst them, were frequently instrumental 
in keeping them free from the strikes and compli- 
cations which have become disastrous to so many of 
our trades, and we believe that on all the works 
which, from first to last, he conducted, no serious 
dispute of the kind ever arose. While he never 
feared to trust to his own judgment and resources 
for success in the execution of engineering works, 
however hazardous, he was modest in giving hi 
opinions, and content that they should be accepted 
for what they were worth. In small things he had 
a quick and, occasionally nervous manner ; 
in great ones, his judgment was almost invariably 
sound, 

At the ann seventeen he was apprenticed toa 








section may be used as a measure of the resistance, 
because it is a measure of the size of the ship; and 


builder at ton, in Kent, and three years after 
he was cuplepel on the Greenwich Railway, then 


ct, so also 
e height of 
the mast, be a measure of resistance, and for just 
the same reason. But it is an utter mistake to sup- 
t of a ship’s resistance is a direct 
effect of the inertia of the water which has to be 


ext to the foregoing paper in point of interest 
and v ome 19 importance, may perhaps be placed 
Mr 


ower,” read before the Institution 
of Naval Architects in 1876. This paper consisted 
epny’s pro- 
gressive steam trials, and the speed curves resulting 
therefrom enabled Mr. Froude to account for the 
fact which he had before established, viz., that as 
a rule only about 40 per cent. of the whole power 
the engines is usefully employed in 


e have but little space left in which to mention 
the other valuable contributions made by Mr. Froude 
to the science of ship populsion, and can only refer 
our readers to the Transactions of the Institution of 
Naval Architects, where they will for the most part 
be found, We may mention, however, as of special 
r ‘“*On the Comparative Resist- 
»’ read in 
1876, one “On Experiments upon the Effect pro- 
duced on the Wave-making Resistance of Ships by 
ody,” read in 1877, and 
one “On the Elementary relation between Pitch, 


addition to these we might mention his inte- 
resting experiments on the ‘*Ramus Models,” on 
models of different dimensions and forms of lines 


of Her Majesty’s Navy, and we 
is most ingenious dynamometer 
for ascertaining the power exerted on the screw 
pronelier, laid by him before the Institution of 


will be almost irreparable, for in addition to advising 
relieved them of anxiety, and even of responsibility 


as to the vessels fulfilling the required speeds, by 
carrying out experiments to test the resistance of 


away, they will |i 


in course of construction, to make the centring for 
the arches. Su uently, at the age of twenty-two, 
he had charge of the building of the union houses 
at Strood, and he was next employed superintending 
the construction of the Shakespeare Tunnel on the 
South-Eastern Railway, near Dover, as the agent 
of the contractor, Mr. Rowland, on whose death Mr. 
Hodges assumed the charge of the work in concert 
with the resident engineer of the South-Eastern 
Railway. While so ied he attracted the atten- 
tion of Mr., subsequently Sir William Cubitt, then 
engineer-in-chief, and on the completion of the 
works, and opening of the railway to Dover, Feb- 
ruary 6, 1844, Mr. Cubitt presented him with a 
handsome testimonial, on which was inscribed, ‘‘ Pre- 
sented to Mr. James Hodges by Mr. William Cubitt, 
engineer-in-chief of the South-Eastern Railway, as 
a mark of ct for the ability and good conduct 
displayed by Mr. Hodges as assistant-engineer and 
acting foreman in the execution of the cliff works, 
tunnels, &c., near Dover, and also for the part he 
took in driving, charging, and firing the galleries 
and mines for the great blast of the Round Down 
Cliff.” His next employment was that of resi- 
dent engineer under the late Mr. G. P. Bidder, on 
the N orfolk Railway, and after that he was aac 
engineer of the Lowestoft harbour, which he 
built in connexion with Mr. James Peto. His 
next work was on the Great Northern Railway, 
where, for his principals, Messrs. Peto and Betts, 
he built fifty miles of the road. And now his 
health having in some degree failed he retired 
from work for a time, to resume it on the Grand 
Trunk Railway of Canada, and the Great Victoria 
Bridge over the St. Lawrence at Montreal. He was 
entrusted by Messrs. Peto, Brassey, and Betts with 
the building of a large portion of that railway, and 
also with erecting the great bridge for which 
Messrs. Stephenson and Ross were the engineers, 
He took with him to Canada a well-chosen staff, 
and at once commenced preparations for his great, 
and—in so far as the bridge was concerned— 
specially difficult work. This is not the place in 
which to describe those difficulties; they were 
numerous, but the works were successfully completed 
twelve months within the prescribed time. Referring 
to them the late Mr. Robert Stephenson publicly 
stated, ‘‘ Having such men as Peto, Brassey, and 
Betts as contractors, with James Hodges for their 
engineer, nothing was left for his mind to dwell on 
but the poetical department of the profession.” 
The formal opening of the Victoria Bridge was 
ina ted by the Prince of Wales in the name of 
the Queen, in 1860, and over the entrance of the 
parapet is chiselled the following inscription : 
Built 
b 
JAMES 
for 
Sir Samuel Morton Peto, Bart. 
Thomas Brassey, and Edward Ladd Betts, 


ntractors. 
On the stone lintels of the chief entrance above 
the roadway, the following a appears : 
Erected A.D. MDCCCLIX. 
Robert Stephenson and Alexander M. Ross, 
Engineers. 






























ODGES 


Mr, Hodges returned to his home at Perry Hill, 
Bagshot, after his work in Canada was finished, 
having been absent about seven years. He now 
appeared as an author, and published a large and 
handsome volume entitled ‘Construction of the 
Great Victoria Bridge in Canada.” The health of Mrs. 
Hodges, which for some time had been in an unsatis- 
factory state, now became worse, and a year or two 
after shedied. Soonafter her death Perry Hillagain 
became vacant, by the return of Mr, Hodges to 
Canada, where he had purchased from 20,000 to 
25,000 acres of land at Bulstrode, near Quebec, and 
now, running away from home because it was no 
longer home, he went to Buistrode, taking with him 
some very ingenious machinery, which he had de- 
signed for the p of manufacturing peat fuel 
from crude peat, of which there was a large quan- 
tity on his property there. Having built a shanty for 
himself in the woods, he, in company with a nephew, 
lived there experimenting with the peat, and there 


his | and elsewhere he subsequently manufactured several 


thousands of tons of excellent fuel; but the short 
period in the Canadian climate during which it 
was possible to manufacture peat (about four 
months in the year), was a bar to pecuniary success. 
Machines from his ign have, however, been 
erected in the United States, and in Germany, and 
they may have a valuable future before them. 
After an absence of a few years he again returned 
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to England, spent a short time in Spain reporting; paving the footpaths on one side of the main street] still bears the name of the Layee A Fall. The jock. 
u > sent aiintiaitiiiie establishment there for vith ge slabs and a neat kerb. This last work | Which is 304 ft. long and 45 ft @, is entirely built 


. Brassey, and accepted an offer from that gentle- 
man to construct for fim the Callao Docks. 

This contract was the. last one signed by 
the late Mr. Brassey, who did not live to see the 
completion of it. As Mr. Brassey’s engineer 
and agent for carrying out the works Mr. Hodges 
left England in September, 1870, having a numerous 
staff of assistants with him. On his arrival, he at 
once made a careful survey of the site of the works, 
and found that the foundations were so bad and 
different to what they had been represented, that he 
returned home in June, 1871, and obtained a con- 
siderable modification of the plans. So that the 
full operations were delayed until the end of 1871, 
when the work may be said to have commenced. 
The general design of the dock may be described as 
of four long walls enclosing a rectangular area of 
water, in which ships loading and unloading could 
lay in safety during all states of the tide and weather. 
The walls were all 80 ft. broad and on an average 
36 ft. high, and were built on a bottom of shingle 
which had to be thrown in after dredging away 
mud to the extent of some 15 ft. Owing to the 
heavy surf which nearly always prevailed, earth- 
quakes and tidal waves, and also the immense diffi- 
culty of obtaining materials and labour, the execution 
of these works was of a most difficult and trying 
nature. The latitude of Callao being only 12 min 
8 sec. S. of the line, the heat was also a great draw-. 
back to getting work done rapidly. The local 
Government also interposed many difficulties, the 
works at one time being stopped and occupied by 
troops, Mr. Hodges himself being taken to the 
alcalda a prisoner, and marched through the town 
as such between files of soldiers. Constant changes 
of Government added to his difficulties, and no sooner 
was he able to pacify one set of officials than new 
ones took their place and had to be mollified by all 
sorts of explanation and attention. The area in- 
closed was some 62 acres, and berthing accommoda- 
tion for from 25 to 30 large vessels was provided, 
In addition to this a large piece of ground was re- 
claimed from the sea, some 13} acres, by a sea wall 
1082 ft. long, and 550,000 cubic yards of filling. 
The walls were all formed of concrete made on the 
spot, the materials for all the works came either 
from England or North America. Labour was so dear 
that it was cheaper to get the coping stones dressed 
in England and sent out, than to quarry them at 
the Island of San Lorenzo, only six miles from the 
works. More than 30,000 blocks of concrete 8 ft. by 
4 ft. by 4 ft. were used. The works were completed 
in 1875, in March, when Mr. Hodges returned to 
England vid the Straits of Magellan. He had to 
return to England once or twice during his sojourn 
in Peru, in order to confer with both English and 
French engineers on the difficulties he had to 
encounter. Towards the close of his stay there 
the Government constantly asked him for his 
advice upon various works there and upon any 
troubles of an engineering kind which they might 
have on hand. He built them a pier and repaired 
their fort when their own engineers were baffled, 
and paved one of their grand squares, besides 
contributing heavily to local institutions. These 
deeds gained him popularity and respect, and, 
of course, assisted him in his own work. The 
climate though far from bad was, no doubt, detri- 
mental to his health, and towards the last he seemed 
to feel it much, especially as he was always about 
the works from early morning till sunset, hours 
during which the natives are not fond of exposing 
themselves to the sun’s power. Like all other work 
which he undertook, it was completed in such a 
manner as to give general satisfaction to all con- 
cerned, and probably to last as long as Peru itself, 

When the docks were completed, and he was 
about to finally leave the country, a public banquet 
was given in his honour, at which Captain Sham. 
peaux, the resident director, acting as chairman, 
delivered a long and complimentary speech. 

Returning now for the last time to Perry Hill, 
though in shattered health he was in better spirits. 
Time had enabled him to look more calmly on the 
loss of his wife, though his friends well knew 
that he had never recovered the blow. He had 
long since built for the inhabitants of Bagshot a 
lecture hall with reading room, billiard room, and 
bowling hall, the use of which they enjoyed 
gratuitously, and now he added to Ris former 
gifts by bringing into the village pure water for 
public use and erecting the necessary fountains in 
the ‘street with gaslights by them, and also by 





was scarcely completed at the time of his death. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.— Y y there was a 
good attendance on ’Change at Middlesbrough, but very 
little business was done. The prices were the same as 
those of last week, being based on No. 3 Cleveland pig sell- 
ing at 32s. 6d. per ton. It was ascertained that Messrs. 
Connal and Co., the warrant storekeepers, of Middles- 
brough and Glasgow, were not doing much business, 
and that their Cleveland stock showed an increase of 
300 tons during the week, the total in the store 
being 80,000 tons. There was a report on ’Change that a 
leading ironmaking firm had sold a very large quantity of 
pig iron to a firm of merchants at the aa low 
figure of 29s. per ton No. 3. This report was flatly con- 
tradicted. Makers generally believe that prices will im- 
prove, as it has been determined to diminish the total 
make by blowing out some of the blast furnaces until there 
is a better demand for pigiron. There is nothing new to 
report in the finished iron trade. 


The Affairs of Jackson, Gill, and Co.— To-day (Wednes- 
day) a meeting of the shareholders of Jackson, Gill, and 
Co. was held at Middlesbrough, and afterwards a meeti 
of creditors was held. Voluntary winding up was sme 
to, and joint committees of inspection were appointed. 


The Affairs of Mr. James ~~ 5 Wednes- 
day) a meeting of the creditors of Mr. James Jennings, 
iron merchant, was held at Middlesbrough, and it was 
resolved to liquidate by arrangement. A committee was 
appointed, and the debtor was granted his immediate dis- 
charge. His liabilities were shown to be about 3200I., and 
the assets about 14501. It was intimated that the debtor 
would shortly make an offer to purchase the estate. 


Engineering and Shipbuilding. — In both these branches 
of industry there is less inquiry, and the prospects are not 
so good as they were a short time ago. There is, how- 
ever, a good deal of work still on hand on the northern 
rivers. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Yorkshire and Derbyshire Institute of Civil Engineers. 
—The following gentlemen have become members of this 
institution : Robert Fenwick Boyd, mining engineer, Moor- 
house, Darham ; Richard Dalgliesh, C.E., manager of the 
Holwell Iron Company, Limited, Melton owbray ; 
Richard Deeming, underviewer, Birch Coppice Colliery, 
Birchmoor, Tamworth ; Lewis munds, surveyor to the 
Ebbw Vale Company, Ebbw Vale, Monmouthshire ; 
William Stukely Gresley, mining engineer, Overseal, Ashby- 
la-Zouch ; F. Holt, engineer, Midland Railway, Derby ; 
John Hackett Kent, architect and surveyor, Chesterfield ; 
Arthur H. Leech, assistant colliery manager, Staveley 
Works, Chesterfield ; Herbert Sartoris, ironmaster, Ket- 
tering; Thomas Thomas, engineer, 19, the Parade, Cardiff. 


The Decline in the Coal Trade.—A special meeting at 
Pontefract has been held to further consider the appli 
tion of Mr. J. Rhodes, of Snydale Hall, who wishes the 
trustees to allow him further concessions on the original 
agreement in working out the coal under the park. It 
appears the duchy have met Mr. Rhodes in this respect, 
so far as the land on all sides of the park is concerned, re- 
ducing the minimum rent from 10001. to 5001. At this 
meeting the trustees rescinded the former resolution, and 
deferred the subject for six months. 


The Proposed New Water Supply at Hull.—A special 
committee of the Hull Corporation reported that they 
by appointment met Mr. Bateman, C.E., and proceeded 
with him to the works of the Newington Water Works 
Company, which they were shown over. They then went 
to Springhead, where they inspected the machinery and 
various routes suggested for the Le new adit. 
From there they went by way of Kirkella, Willerby, and 
Kelgate to the Mill-dam Springs at Cottingham, and in- 
spected the same. Mr. Bateman had then to leave, and 
the committee, with the engineer, further proceeded to 
Driffield, and inspected the various streams in that locality, 
including the Nafferton Beck. Upon the conclusion of 
such inspection it was resolved that Mr. Bateman be fur- 
nished with particulars of the upper sources of the river, 
requesting him to report as to the feasibility and desira- 
bility of going to the sources for the future supply of Hull. 


Opening < the New Dock at Grimsby.—On Tuesday, 
their Royal Highnesses the Prince and Princess of Wales 
opened the Union Dock, Grimsby, in the presence of a dis- 
tinguished company and some thousands of persons. The 
dock in question connects the Old and Royal Docks. It 
was commenced on the of August, 1873, and the last 
stone was laid on the 11th of July, 1879. The works have 
not only been costly, involving an expenditure of 258,7001., 
but also very difficult, as the time occupied in their execu- 
tion proves. The total length, including the lock, is 870 ft. 
and the area of the water space is 7620 square yards. 
Owing to the very bad nature of the ground the greatest 
difficulty was experienced in getting in the foundations, 
the pressure of the upper pene of the works lifting 
the ground in the bottom of the excavation. This necessi- 
tated the walls being built of unusual thickness, they bei 
in most places 25 ft. thick and 36 ft. in depth. Underneat 
the walls is a pile foundation, the piles being over 30 ft. in 


length, and driven down to ;the solid clay. The walls are 








built of chalk, stone-faced with ashlar ‘from the well- 
known quarries in the Leeds district, the stone of which 





on piles similar to the side walls, and has an invert 
composed of nine courses of brickwork faced with Stafford- 
shire blue bricks, with a depth of 28 ft. from level 


of coping. The floors of the gate chamber are of solid 
ashlar 18 in. below the pointing sills. The lock gates are 
made of oak and with iron rods, and are worked by 


double-purchase crabs. A swing eo worked by hy. 
draulic power spans the new cutting. cutting is 45 ft. 
wide, and the bri is 76 ft. long over all. ere is a 
single line of rail, 4 ft. 8} in. gauge, and provision is made 
for forh-namengene on either side. The time occupied in 
turning the ge for a ship to pass is only 59 seconds. 
The Le poy for assisting vessels in and out of the dock are 
worked by hand or by water power, which is obtained from 
an accumulator in the tower adjoining the lock, and from 
which a water pressure of 700 lb. to the square inch is ob- 
tained. The engines and boilers are in the same building. 


NOTES FROM THE SOUTH-WEST. 

Avonside Engine Company (Limited).—The liquidators 
of the Avonside Engine Company (Limited), Bristol, have 
decided upon ing a first call of 11. per share upon the 
shareholders. It is to be made payable in two instalments 
of 10s. each, the first on the 5th of August, and the second 
about the middle of October. 

Severn Bridge Railway.—C p ly with the 
near epveench to completion of the Severn Bridge, Mr. 
Griffith Griffiths, contractor for the railways proper and 
viaducts, has made, notwithstanding the unfavourable 
weather, corresponding 8, in the course of a 
few weeks, the works undertaken by him on either side of 
the Severn will be practically finished. The viaduct—an 
interesting specimen of masonry, on the Forest shore—is 
so far advanced that the coping will be commenced this 
week, a portion having been preps a few days since. It 
may be here mentioned that t ree months of frost during 
the winter entirely stopped al ar oa otherwise no 
ani at the present time w have been found un- 

ished. Upon the crown of the arches has been already 
commenced the putting in of concrete, on which will be 
laid felt to prevent the tion of water and insure the 
preservation of the viaducts. The permanent way, of 
course, will lay upon the felt Cecking. In immediate 
proximity to the viaduct, approached by # side path of 
rather sharp gradient, is the railway station and signal-box. 
The former has been 


repared, and this week th 
latter, with the platforms, is being ‘ 
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roceeded with. On 
the Forest shore the contractors’ work is brought within 
a@ narrow limit, and with weather at all favourable the 
whole of it can be completed by the earl of August. 
In constructing the line from the Ber shore of the 
bridge, a considerable amount of excavation was involved, 
at least upwards of 100,000 yards of earth and rock having 
to be removed. The permanent way is actually laid upon 
the mrapias portion of the railway on this side of the Severn, 
extending also nearly to o> ern on the Midland line, 
and to the docks with the tips. 


Swansea.—The shipments of patent fuel last week were 
small. There are, however, some large orders loading. 
There have been 450 tons shipped for Cronstadt by the 
Merthyr Patent Fuel Company, and 400 tons for Oran by 
Cory, Yeo, and Co. There is little or no change to note in 
the tin-plate trade, plates being in mvderate demand at 
slightly easier rates. There is no improvement in the 

eral condition of the spelter market, the demand being 
imited and prices a shade weaker. The steel market 
remains dull, but it is reported that some few makers are 
receiving rather more employment. This is notably the 
case at the Landore Siemens Steel Works, where both 
orders and inquiries are more numerous than they have 
been for some time past. 


Sirhowy.—The third furnace at the Sirhowy Works has 
been lighted, and in a few days the blast will be turned on. 
Arrangements are bei made to ca out a project for 
running the molten metal from the furnace to the steel 
works at the Ebbw Vale. 


South Wales Coal and Iron.—The shipments of coal 
from Cardiff and Newport to foreign ports in June were 
slightly in excess of the shipments for June, 1878. There 
was a falling off in the shipments from Swansea. The shi: 
ments of coal from Cardiff last month reached $51,945 
tons; Newport, 72,528 tons; Swansea, 47,7382 tons; 
Llanelly, 6729 tons. The shipments for June, 1878, were : 
Cardiff, 345,993 tons; Newport, 64,562 tons; Swansea 
58,572 tons; Llanelly, 5901 tons. The shipments of coal 
coastwise last month were: Cardiff, 64,139 tons ; Newport, 
82,054 tons ; Swansea, 46,808 tons; Llanelly, 9235 tons. 
For June, 1878, the coastwise shipments were; Cardiff, 
65,487 tons ; Newport, 71,606 tons; Swansea, 18,881 tons ; 
Llanelly, 11,588 tons. The iron shipments from Cardiff 
were 4542 tons and from Newport 4694 tons. The shi 
ments of patent fuel from Cardiff last month were 11,383 
tons and from Swansea 13,728 tons. 


A New Miners’ Union.—At a meeting of the represen- 
tatives of the workmen upon the sliding scale committee, 
at Pontypridd, on Saturday, it was decided to form a new 
union for the miners of South Wales and Monmouthshire, 
and it was recommended that evidence shonld be given b 
the workmen before the Royal Commission on Mines, wit 
regard to explosions, &c., in coalfields. 


THe MATHEMATICAL CHAIR IN THE UNIVERSITY OF 
EDINBURGH.—The ragwerp ae to the chair of mathematics 
so long and so worthily filled by the late lamented Professor 
Kelland was made by the curators of the University at a 

held last Friday. Of the eleven candidates who 


spol for it Mr. Chrystal, essor of mathematics ij 
University of St. Maser tor about two years, “a 
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ON INJECTOR HYDRANTS FOR FIRE 
EXTINCTION.* 
By Maz. J. H. GreaTrueap. 

THERE are few places where the water supply has been 
arranged with a view to its being directly employed for the 
pu of fire extinction without the intervention of fire 

. This is owing in many cases to the difficulty of 
giving sufficient re to the water supply without in- 
ee additional ex both of construction and 
of working ; and to the fact that the water supply is in the 
hands of commercial companies, who look to the a 
domestic supply for their profits. Consequently the wo: 
of fire extinction is usually entrusted to fire brigades, who 
employ fire engines for throwing the water. In the few 
cases where the nature of the water supply admits of its 
direct application, and where a have bn put down, 
the happiest results bave followed. In Manchester, for 
instance, the loss from fires has this means been re- 
duced to one-third, and in Liverpool to one-fourth, of what 
it was before the introduction of the hydrant system. 
Serious fires now occur but seldom in either of these places, 
and fire engines, which are still retained for emergencies, 
are hardly ever used.t 

However admirably ie fire brigades may be, the 
work done by fire engines is necessarily unsatisfactory when 
compared with that of h , by reason of the time un- 
avoidably lost between the first disco of the fire and 
that it is wr general lip sesapaiecl teat kpdeants wih 
that it is now ly i wi 
@ proper supply should be substituted for the fire engine 
system in all cases where practicable. This is especially the 
case in the metropolis, where one of the chief questions of 
the day is how to provide a hydrant system for fire extinc- 
tion, the inadequacy of pressure in the present water supply 
aa chief difficulty. 

Captain Shaw reports that last oe there were 1659 
calls for actual fires ; and in his evidence before the Fire 
Brigade Committee, presided over by Sir H. Selwin-Ibbet- 
son, 1876-7, he stated. that the loss of 1001. worth of pro- 

constituted a “very slight’’ fire. 1t may therefore 
safely assumed that the loss of property resulting from 
the fires of last , including 170 ‘‘ serious’’ cases, could 
not have been less than a quarter of a million sterling. 
If hydrants could be made to do in London what they have 
already done in Manchester and Liverpool, 170,0001. to 
180,0001. of this annual loss might at once be saved by their 
introduction. On the score of property alone, therefore, 


without ing the higher question of saving of life, 
the subject but be consi: as one of the most 
urgent character. 


he Injector Hydrant.—In conjunction with Mr. M. D. 
Martindale, the author has lately designed and introduced 
a hydrant which he believes affords a means of obtaining 
sufficient pressure for purposes of fire extinction, without 
establishing a general high-pressure service of mains and 
pipes on « large scale, and without interfering with the 
existing low-pressure service. 

The principle of the “‘ lateral inductive action of fluids’’ 
has long been known and utilised in various ways ; amo 
others it was formerly applied by millwrights to draw o 
the back water in floods, as described by Venturi and Tred- 
gold; it has also been used in the jet pump, in Gifford’s in- 
jector, in the steam ejector or blast pipe, and for propelling 
vessels. It may be briefly described as the power which a 
moving stream of drawing along with it any other 
fluid aay = it ues ms contact. In the case of to. 
injector rant a stream of water, passing at consider- 
able ponte through water moving slowly in the same di- 
rection, imparts to the latter a portion of its own higher 
velocity, thus ag omg by stream of volume, though 
of less velocity, than the original rapidly moving stream. 
The late Mr. Froude obse , with regard to the resist- 
ance of surfaces in water, that “‘ it is certain that any sur- 
face which, in passing through a fluid, experiences resist- 
ance, must in doing so impress on the particles which 
resist it a force in the line of motion equal to the resistance.”’ 
This of course applies as much to a stream of water as to a 
solid surface ; and in that case as much force is no doubt 
communicated to the slow moving fluid as is taken out of the 
rapid stream, but some of the effect is lost in eddies and 
whirls. This loss however is insignificant when weighed 
against the many advantages which the injector-hydrant 
system will be seen to possess. The mode of applying this 

inciple for the purpose intended will be understood on re- 
erence to the ee diagrams. In Fig. 1 is shown 
a double hydrant, wr to be placed upon an 8-in. 
main. A is the branch from the main for supplying 
water at the ordinary moderate pressure, closed by 
the ordinary screw-down valve B. C is a branch from 
a oe supplied with water at a high pressure, 
and cl y a stop valve of any ordinary construction. 
The branch C, bending upwards, terminates in a brass 
nozzle D, directed into the ascending limb of the 
hydrant ; and beyond this nozzle are two trampet-shapod 

tubes E E, held in their central — by the webs 

F, and the lining GG fitting into the cast-iron casi 
HH, and secured there by the cast-iror cylinder end J 
K is a gun-metal screw at the top for tae attachment of 
the hose or swan-neck. 

Several other forms of the arrangement are shown in 
other diagrams, in which the same letters refer to the 


stop-valve. In Fig. 5 the tion is done by a screw | its velocity to the low-pressure water supplied 

worked by the handwheel M. . 6 the ion isto | producing in the hose s pressure Croster’ than thet 
a certain extent automatic. After the low-pressure water is | of the ———— supply but less than that of the high- 
turned on, the handle N is released, and the coned spindle L | pressure. By properly proportioning the volumes of low 
is drawn out of the nozzle D by the spring N, allowing an | and high-pressure water, according to their ive pres- 
annular jet of high-pressure water to pass through the | sures, an intermediate pressure can be obtained sufficient to 
guide-tubes E E. The spring is so adjusted by its strength | command a og of any desired height and volume. It will thus 
and by the screw O, that when the pressure in the hose at K | be seen that by the expenditure of a comparatively small 
reaches the desired or the safe limit, any increaseis prevented | quantity of high-pressure water con through pipes 
by the action of the pressure upon the piston P, comprass- | of s dimensions, jets of sufficiently large volume 
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in conjunction the ordinary low-pressure supply, without subjecting the 


several parts ing with those just described. Thus | ; the spri : . : 
“ am ing pring and partially the high-pressure ad- and height for fire ses can readily be obtained from 
He ae 3, and 4show an Roksan eneseion : These stand ld ii eigat for purpo: ily ob’ f 


t, and represent the apparatus now in use at the | —-: 
Docks, which some of the members have seen in | “ith, ball-hydrants on th 


x ip . 
the mains, such as are used in Man- | poseent low-puteeuse pipes to such high pressures as would 


Two connexions however would required to command the same jets directly, and also 


ion. Figs. 5and tand-pi is princi rang ' 
operation. Figs. 6 shows pipes on this le, | have to be made with the hydrant in that case, instead of | without interfering with the ordinary uses of those pipes. 


but having a regulator spindle L, which may also be applied 
to the hydrants, and they serve the farther purpens ef 0 





* Paper read before the Institution of Mechanical En- | stand 
Water from the ordinary low-pressure s is admitted | and it is only necessary to put the new hydrants down, or 


one. | In most of the docks, and in nearly all the railway goods 


In any case, the hose being screwed upon the hydrant or termini of London, a low and a high-pressure service of 
pipe at K, the action of the apparatus is as follows. | water exist already, the mains and pipes often side by side ; 





: ct E. Chadwick, evidence, Fire Brigade Committee, | at A, and high-pressure water at C ; the , issuing at | to attach the inj arrangement to existing h ts and 





high velocity through the nozzle D, imparts a portion of | onnect with the high-pressure or power-supply, in order 
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to secure a complete hydrant system capable of supplying 
jets of the requisite om and volume without the use 
of fire engines. The high-pressure supply being that used 
for working the cranes, hoists, capstans, gates, &c., and 
—- nr ® pressure of 700 Ib. square inch or 
1600 ft. , is ample in quantity, and is, or may be made, 
available at all times. In most cases it is always available 
even now, the —e demand extending throughout the 
twenty-four hours. In'‘addition to these cases others may 
be named where hydraulic power is used, such as the 
large warehouses and the shops in which Mr. Tweddell’s 
beautiful hydraulic machines are employed ; and the well- 
known instance of Hull, where a power company its 
high-pressure hydraulic main laid under the principal 


street. 

Long experience has now proved the hydraulic ng 
system, introduced by Sir William Armstrong, to be the 
best and cheapest for docks, warehouses, and goods termini. 
Its extension to other uses beyond those already referred 
to—as, for instance, to manufactories, printing presses, 
private lifts, &c.—would be in the direction in which it has 
already proved itself to be the most suitable; namely, 
where power, whether of considerable or of small magni- 
tude, is required intermittently and suddenly, at points 
widely separated, and under circumstances where the value 
of the surrounding property makes it very desirable to 
avoid as far as possible all risk of fire. ‘Thus when the 
advantages of hydraulic power become more generally 
known, it will doubtless be largely adopted for the various 

purposes requiring power in towns and cities. 

It remains now to consider how far this fire-extinguish- 
ing system is applicable to cases such as in the streets of 
the metropolis, where hydrants are required, but where 
at present no high-pressure or power service exists. 

The problem to be’solved in the metropolis is to give, if 
possible, to the existing supply, which has been established 
without regard to the extinction of fires, the qualities 
which it lacks for that purpose. As regards quantity it 
may be broadly stated that along the course of the mains 
there is a = supply of water everywhere, and at all 
times; and that there is a good supply nearly every- 
where else at those times when the service, which is for 
the most part intermittent, is turned on. Captain Shaw 
reports that in the year 1878 there were only eight cases of 
short supply ont of the 1659 fires, or less than } per cent. ; 
which corresponds with the average results obtained during 
the thirteen years of the Fire Brigade’s existence. It 
appears therefore that there is practically a sufficient supply 
water everywhere in London, although, from the fact of 
there being no fire-plugs attached to the constantly charged 
mains, the best existing supply is not at present directly 
available for fire extinction. As shown by the map, how- 
ever, considerable areas belonging to the East London and 
Kent Water Companies, and many houses in the New 
River Company’s district, and to a less extent in the other 
companies’ districts, are under constant supply, which is 
being gradually extended. In 1877 (see Appendix, Table I.) 
there were about 730 miles of road in the metropolitan area 
in which the mains and pipes were constantly charged, in- 
cluding the principal thoroughfares ; while there,were about 
1200 miles of m= | in which houses were built. So that as 
a constant sapply, as well as quantity of water, con- 
siderably more than half of the metropolis, including all 
the most important parts of it, is in a position to be fitted 
with hydrants. 

The question of the pressure now remains to be con- 
sidered. However satisfactory may be the quantity of 
water, and however easily accessible, it cannot be con- 
sidered that adequate protection is afforded to individual 
properties if the pressure of the water is not high enough to 
admit of its being discharged upon the fire without waiting 
for the fire-engines. The Fire Brigade, with its admirable 
organisation and under its able and energetic chief, can 
and does prevent the wide extension of fires ; but more 
than this is required, namely, immediate extinction of fire 
within the building attacked, and security in the case of 

simultaneous outbreak of fire in several quarters. 

Speaking generally it may be stated that in the me- 
— the pressures are not adequate forthe extinction 
of fires without the use of fire-engines. The average pres- 
sure is about 32 lb. per square inch or 74 ft. head, accord- 
ing to the observations of Sir Joseph Bazalgette made in 
1876 (See Appendix, Table II.) The pressure varies con- 
siderably ; in some cases it is merely nominal, while in 
others, omitting very exceptional cases, it is as high as 
601b. to 80 Ib. 

Now the maximum requirement for a fire, according to 
Captain Shaw, is the delivery of 2000 gallons per minute 
in fourteen jets of about 150 gallons each through an aggre- 

te of a mile of hose, or 200 ft. of hose for each jet. 

e experiments made at Grays by Sir Joseph Bazalgette 
and Messrs. Bramwell and Easton, on behalf of the Metro- 
politan Board of Works, establish the fact that to force 
150 gallons per minute through the ordinary 2}-in. fire- 
brigade hose a head of 3 in. is required for every foot of 
hose, or 50 ft. of head for the 200 ft. of hose. If the 150 
gallons are discharged through an inch nozzle, the jet will 
ascend to a height of from 75 ft. to 84 ft., and the pressure 
at the back of the nozzle requisite to obtain this discharge 
is 98 ft. head. Adding to this the hose friction equivalent 
as above stated to 50 ft., the total pressure required at the 
hydrant or engine will be 148, or in round numbers 150 ft. 
head, an to 65 lb. per square inch. 

It follows therefore that the average pressure throughout 
the metropolitan area is at present about one-half only of 
the required pressure. Proposals have made from 
time to time for overcoming this difficulty as to preseure, 
and for improving in other respects the water suppl - 
quired for fire extinction. These may be classified as follows. 

1. rate Service of .Water exclusively for Fire Pur- 
poses.—In 1862 the late Mr. James Easton to the 
Select Committee then sitting on the subject of fires in the 


metropolis, the establishment of a separate service of 
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water, deriving its supply from the existing 
reserved exclusively for | Aart inion being “* you 
cannot have a sufficient water supply im London in case of 
fires if it is attached to the water mains.” He 
to establish reservoirs around London, from which the 
water should be carried by mains of 15in., 30in., or 
“perhaps larger’ diameters, and distributed by pi 
throughout all the streets and roads within an area of 40 

uare miles, extending to a radius of four miles from 
Charing Cross. Hydrants for the attachment of four lines 
of hose were to be put down. No pumping would be re- 
quired, as the water was to be delivered into the reservoirs 
by the water companies free of expense. Hose and the 
other necessary appliances were to be placed in boxes at 
numerous points (four to a square mile), and the whole 
was proposed to be worked by the police. This proposal 
was estimated to cost 72,0001. per square mile, or a total 
of 3,000,0001. for the 40 square miles pro to be dealt 
with. The annual cost was estimated at 240,0001. for 
twenty-five years (including a sinking fund), and after 
that period at 40,0001. to 50,0001. for management, staff, 
~~ waar f this with the oth 

or the purpose of comparing this wit! e other pro- 

posals to . noticed presently, the annual cost might be 
put thus. The annual cost of water supply for fires for 
40 square miles, or the interest on cost of works, 3,000,0001. 
at 34 per cent., would be 105,0001. But seeing that there 
would still remain the other 80 square miles within the 
metropolitan area to be protected by the fire brigade, the 
expenses for this area might be assumed to be equal to the 
present expenses of the whole area, viz., for horse hire, 
fuel, repairs of engines, and expenses at fires, say 20,5001. 
This gives for the total annual expense 125,5001. This 
annual expenditure would, on the 19,000,000 ions used 
for fires in 1878, amount to 61. 12s. per 1000 ions, or to 
751. 13s. for each of the 1659 fires which occurred in that 


year. 
2. Existing Service Altered and Hydranted.—The Fire 
Brigade Committee, presided over by Sir H win- 
Ibbetson, reported in 1877 in favour of the consolidation of 
the eight water companies supplying the metropolis into 
one body, and of the tranference of the duty of extinguish- 
ing fire to the police. It was recommended that hydrants 
should at once be put down wherever a constant supply is 
given, and that they should follow the extension of such 
supply ; that the water supply should be improved, so as 
to give constant service and increased pressure ; and that 
the pipes should be re-arranged so as to give everywhere 
the full volume of water required for jets, and at the 
necessary pressure. These alterations would involve very 
large outlay in new reservoirs, additional pumping power, 
the substitution of and thick pipes for small and thin 
= and the alteration and strengthening of the house 
ttings. : 
Setting aside the cost of consolidating the water com- 
panies and of a eye the fire brigade to the police, 
the recommendations of the committee were estima’ 
Sir Joseph Bazalgette and Messrs. Bramwell and Easton, 
acting for the Metropolitan Board of Works, and by Mr. 
Muir, to cost 5,350,000/., and to involve an annual cost of 
337,2501. The latter amount is made up as follows : 
Alteration of pipes, 1,000,0001. at 3} £ 


per cent. ... dis ode one jas 35,000 
Cost of hydrants, 750,000. at 3} per 

cent. ose dos ot a ss 26,250 
Cost of house fittings, 3,600,0001. at 35 

per cent. ... a6 ose - «+ 126,000 
Increased cost of pumping total water 

supply to an extra height of 178 ft... 150,000 


Tot 


accumulator system and ected by Sir Wil- 
liam Oe pe dee nt might be 
pineal of come aval of exis stations of the Fire 

rigade. The water both for working the ines and for 


supplying the high-pressure pipes would be derived from 
the saeus cupeiion and, if employed wholly for fire- 
ishi purposes, would be furnished free of 


mse. 

. Table III. of the Appendix will be found the quan- 
tities of power-water required for various heads of wa’ 
supply. Assuming the case*by way of illustration of a fire 
occurring half:a mile from any two pumping stations, 
where the existing water supply’ has a pressure of 50 lb, 
per square inch, and where the  ogtenge! would have, at 
the hydrant, a pressure of 700 ib, per square inch, the 
— of high-pressure water required for a jet of 1 in. 

iameter, and discharging 150 gallons eo minute to 
a height of from 75 ft. to 84 ft., is 11 
minute; and for fourteen such jets 154 gallons, or 
77 gallons per minute from each engine. ‘This would re- 
quire, with a 2}-in. pipe, a pressure of 800lb. per square 
inch at the accumulator. Taking another case, with the 
low-pressure supply at 30 lb., the aoa valk of power-water - 
according to the ‘able would be 25.2 gallons for each 150- 
em jet, or for fourteen jets 353 gallons per minute. 

‘aking the distances as in the last case, this would require 

i f 3, in. in diameter, with an accumulator pressure of 
Boo 1b. ut fourteen jets could hardly be required on a 
single line of pipe ; and assi in such a case would be 
obtained from the lateral branches. The actual size of the 

ipes would, of course, be determined by the extent of the 
istrict assigned to each engine—the smaller the districts 
the smaller the pipes, but on the other hand the greater 
the number of engines. , : 

Pipes of these small diameters could be readily laid ; and 
the cost of laying them would be but a small fraction of 
the cost of putting down the large mains and pipes required 
to brizg the water in large volumes from distant reservoirs, 
ard to distribute it without serious diminution of head— 
which, in order to supply even a third of the metropolitan 
area, would involve, according to the late Mr. Kaston, 
mains of 30 in. in diameter, and more. 

Again, the cost of erecting the pumps and accumulators 
at the present fire-brigade stations would constitute only a 
relatively small proportion of the principal outlay, which 
would be made up chiefly of the cost of the pipes and 
hydrants. The latter however would not be much more 
expensive than the ordi ydrants —the cost of branches 
from the mains and meres ay the disturbing and making 

of pavements and , and the greater part of the 
ydrant itself, being common to both. ‘ 

It may therefore be considered certain that the interest 
on first cost would be very much less for this than for the 
other pro erred to. 

ds working expenses, the stationary engines at 


As regar 
ted by | the fire-brigade stations would be easily attended to by the 


present staff, whose other duties would be greatly lightened. 
The cost-of the pumping itself would constitute but a 
small proportion of the total expenses, as the following 
considerations will show. The quantity of water used at 
fires in 1878 was 19,000,000 gallons; supposing that even _ 
one-third of this had to be power-water, it would still re- 
present only about 7,000,0C0 gallons pumped to a height of 
(say) 2000 ft. at (say) 4d. per 1000 gallons per 100 it., or 
10d, per 1000 gallons for a height of 2000 ft. This would 
represent for the 7,000,000 gallons less than 300/. a year, 
owing to the loss and expense of the frequent lighting of . 
fires or keeping up steam, the actual cost would much 
exceed this t, but it would still be so small for sup- ; 





annual cost, exclusive of working 
expenses of fire-extinction service ... 337,250 

It should be observed that the domestic supply would be 
no better than it is at present ; and the whole cost of these 
works would therefore gu solely to supply a high-pressure 
service of water for fires. On the 19,000,000 gallons of 
water used for fires in 1878, this would amount to 171. 15s. 
per 1000 gallons, or to 2031. for each of the 1659 fires 
which occurred. In order to obtain the net increase of 
expense above the present, it may be assumed that 
solneiiows in the cost of horse-hire, fuel, engine repairs, 
and expenses at fires, might be made to the extent of 75 
per cent. of the total cost under those heads in 1877. i 
gives a reduction of the total working expenses by 15,0001. ; 
and deducting this from the annual cost given above 
(337,2501.), there would be a net increase of expense of 
322,2501. per annum under the pro system. 

3. New Service of Potable Water having sufficient 
Pressure for Fire Extinction.—This pro was made 
by Sir Joseph Bazalgette and Messrs. Bramwell and 
Faston in 1877. The Metropolitan Board of Works, 
the body charged with the protection of the metropolis 
from fire, following some of the recommendations of 
Sir H. Selwin-Ibbetson’s committee, and under the advice of 
Sir Joseph Bazalgette and Messrs. Bramwell and Easton, 
introduced a bill into Parliament in 1877 for the purpose 
of giving to London an efficient fire-extinguishing service, 
combined with a supply of potable water proposed to be 
drawn from the chalk formation at distanzes varying from 
15 to 20 miles from the centre of London. ‘Lhe works 
were estimated to cost 5,500,0001. sterling, and to involve 
an annual cost of 250,0001. The two-fold character of the 
proposed service renders it impossible in this case to deter- 
mine separately the cost of the improvement of the supply 


for fire-extinguishing pw alone. 
4. Proposed Fajenter- Hedrons System for Fire Extinc- 
tion.—The injector hydrant and its mode of action having 


already been described, it is only necessary to explain the 
method proposed for its application to the metropolis. 

The high-pressure or power-water would be conveyed 
in small pipes laid down alongside of the existing low- 
pressure mains and pipes, or under the footways 

to them. The high ure, varying from b 


his | gether more than 16,300 


plying all the power required for the fires in London that 
it becomes interesting to inquire the cost of the same work 
done by the present tire-engines. According to the accounts 
of 1877, the cost of horse-hire, repairs of engines, coal, oil, 
&c., and expenses at fires, amounted to 20,5721. 3 which is 
equal to 11. 8s. 5d. per 1000 gallons of water used, and to 
1381. 8s. oi fire. There is here such an enormous dispro- - 
portion between the present and the estimated cost under 
the are hydrant system, that it is interesting to inquire 
further what work is done for the present sum. in 1878, ac- 
cording to Captian Shaw’s report, the engines made alto- 
journeys, and ran more than 41,000 
miles, or an average of of miles per journey and 400 miles per 
engine per annum. The number of fires was 1659, for each 
of which the engines on an average ran 25 miles, whether 
act employed to pump upon the fires or not. Accord- . 
ing to the evidence given before the Fire Brigade Committee _ 
it is only at about 20 per cent. of the fires that the fire- 
engines are actually used for pumping ; therefore on - 
an average, for every time engines are used to water 
upon a fire, there is run by t. a distance of 125 miles. 
hile affording indisputable evidence of the vigilance and 
energy of the brigade, there is also here an indication of the 
cause of the disproportion referred to. : 
The pro system therefore, while entailing no addi- 
tional expense in the establishment and staff of the fire - 
brigade, will permit of a great reduction in the engine ex- 
penses, probably amounting to from 12,0001. to 15,0001. a 
year; it will render unnecessary the contemplated exten- 
sion of the brigade, while such capital as has been expended 
upon the stations will still be usefully a. The 
savings in the present expenses and the a ce of the 
contemplated extension would go fat to balance the interest 
upon the capital outlay requiréd for the Py ye hydrant 
system. Thus, irrespective altogether of the commercial 
profit to be derived from the surplus Linda Ay Lita 
cheap and practicable means would be provided for dealing at 
once with the question of the water supply for fires. If” 
however such surplus eeatpeee ¢ J were utilised, the - 








. per 
square inch in the high-lying districts to 1000 Jb. in the 


interest on the capital outlay would probably be altogether’ 
defrayedthereby. * 
The advantages of such a system may be briefly sum- 


marised as follows : 
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1. Bn pn pe small cost a ectly efficient 
a oThes The working cor would be — 
4 sm 
8. ‘The system could be introduced ually as occasion 
fedopendontt santas uabathienous or dake: 
ments or dis 
cad ony past wenbd 00 be conan itself, and would not 
on the completion of the whole. 


2. No existing rights or interests would be interfered 


5. Advantage would be taken of the supply of water | 
already on the spot, admitted to be sufficien cient in quantity, 
and gratuitously supplied for fire purposes ; and f: 

tage would be taken of such pressure as now exists in the 


pipes and mains. 
6. The smallness of the high-pressure pipes and their 
geet Senne hyenas came would render 
very durable and less liable to than ordi- 
nary pipes. They are my = pl ir mode of 
ra 


fi voided. 
x here be enastiy yoopertioned 
} padi soueues of (ele sould be obtained 
ground : an exceptionally obtained 
wherever they AL , 80 as to the 
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APPEND: 
Tass I. —Motropoliten Wee Water a6 29 a 
Mains constantly —_ 4 wh" - 
ater Company 


Chelsea ee 
Lambeth . on eee eee ” 
Grand J ee Saige Fae apt 
Southwark and yang er a oi 
{err ip " a 
Kent... ° pipes in 80 ,, ” 
West Middlesex =, wu vof “taining 85 miles 
of mains 
New River Company (1876) ... 169 miles 


TABLE II.— Water Supply of the Metropolis. 
Pressures of Water in the Pi jes the Daytime, as 
sw role in 1875, and given ir J in'his 
vidence before the Fire Brigade Cee 1876. 


Ib. ft. 

220 observations gave pressures under 30 or 69 

District +4 ” ” 40 ” 92 

not stated. et P 50 ,, 115 

” » over 50,, 115 

Kent 99 » under 30 ,, 69 

Com- ” ” ” 

Piste ’s ” ” 50 ,, 115 

istrict. pa »» over 50 ,, 115 
East 

aS a » under 20,, 46 

pany’s 19 ” ” ” 62 
Distwict. 


— III. —Quantity of High-Pressure or Power Water 
ired for various H Low-Pressure Supply, 
the High Pressure being taken at 700 6. per Square 

















igh Pressure at 700 Ib. 
Low-Pressure Supply = Square Inch. 
Ps ae oe Foot Head Gallons per Minute. 
60 138 3.7 
50 115 10.9 
4 92 18.1 
30 69 25.2 
20 46 $2.4 
10 23 39.6 
fro om 10 Ib, to 201b. nap mente supply. The 
m 1 pressure of 
is for a jet of 150 pe ney deli: h 
an. seas reny etal tend i baht 
° a 
the back of the noazle. The length of hose is taken at 
200 ft. of 24-in. brigade resistance of which is 





about 00 tm plant at Grishro’ with s view of 
core ee eee gee wal from iron by 
Bessemer process. He expects to complete the under- 





Total ove 734 ” 





tativgin the course of three months. 





Tue EayptT1an Navy.—Three gunboats doing duty as 
Figutes net with their boilers sadly on out of order, two old 
tes used as hulks, and a floating steam crane, are said 

to constitute the whole of Egypt’s present naval force. 


FLoops IN THE MetTRopoLIs.—At the meeting held last 
pa me ns the Metropolitan Board of Works, a depu- 
tation attended from the inhabitants and owners of property 
de poe hey ew me FE J 2 aes Say 





parts of the houses had been swamped, the comfort, health, 
and on oy By the inhabitants had seriously suffered. 
ith been specially affected because the water 


ype But 


were pte remedy as soon as 
they oe add a few remarks in respect to the 
north of ye personal observation. On 


® distance of about a mile of 


» Was an immense so as to prevent the tram 
and omnibus traffic, as the floors of the vehicles im- 
mersed in water, the whole of the on that route were 
flooded, and much or 
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King’s Treatise on the Science and Practice of the Manu- 
facture and Distribution of Coal Gas. Edited 
Tuomas NewsicGina, C.E., Memb. Inst. C.E., an 
W. T. Fewrrent, F.0.S.. Vol. I. London: William B. 


King. 

Tue handsome volume before us is thefirst of what 
promises to be by far the most complete English 
text-book on the manufacture of coal gas which has 
so far appeared. The important subject with which 
it deals is one which has’ previously been dealt with 
in much greater detail in foreign treatises than in 
any produced here, and a natural result of this has 
been that the special features of English practice 
have not been so fully treated as would have been 
the case under other conditions. The work now 
under notice ought, therefore, to supply a want. 
We are informed in the preface that a considerable 
portion of the contents of the volume has appeared 
previously in the columns of The Journal of Gas 
Lighting, and the editors remark that advantage has 
been taken of this mode of publication to correct 
and elaborate details, while they add that the whole 
of the matter which has thus appeared has been re- 
written or carefully revised. e fact that a con- 
siderable portion of the contents has been repub- 
lished in this way has, in fact, given the editors an 
opportunity of revision which in ordinary books is 
only afforded by a second edition. 

The volume under notice is divided into three 
parts, the first consisting of two chapters devoted 
to the history of gas lighting and the geology of 
coal respectively, while the second deals with the 
manufacture of gas, and the third with its puri- 
fication. The second and third parts are divided 
into six and five chapters respectively. The first 
chapter of the first part is an exceedingly interest- 
ing one, containing, as it does, a well-arranged and 
very readable history of the rise and progress of 
gas lighting, illustrated by engravings of some of 
the earlier arrangements of plant employed. The 
second chapter, treating of coal, is divided into sec- 
tions dealing successively with the geology of coal, 
its origin and formation, the distinctive character- 
istics of various kinds, its chemical composition, its 
analysis, its gas-producing power, coal-testing ap- 
paratus, the storage of coal, and its heating power, 
these divisions of the subject being all well treated. 

The second part, treating of the manufacture of 
gas, opens with a chapter on carbonisation, the theo- 
retical aspect of the question being first dealt with, 
and a general account being then given of the various 
systems of working which have been proposed for 
economising fuel in this part of-the manufacturing 
process. In Chapter IL., this portion of the subject 
is followed up by descriptions of different arrange- 
ments of retort houses and coal stores, the opinions 
of the leading gas engineers on the arrangement of 
these portions of the plant being quoted, and very 
full descriptions with numerous engravings being 
given of executed retort houses and stores illustra- 
ting varieties of practice, Thus amongst others a 
retort house at the London Gas Company’s works 
at Nine Elms is very fully described, and so are one 
of the retort houses at Beckton, the retort house at 
the Portslade Gas Works, and the retort house at 
the Tunbridge Wells Gas Works, the information 
9 wage in all these cases being of a very detailed 


Chapter III. of the second part deals with chimney 
stalks, descriptions being given of several examples, 
while Chapter IV. treats of fireclay and refractory 
materials, this chapter giving in the first place a 
number of analyses of various refractory materials 
and then proceeding to deal with the treatment of 
“— _ ro manufacture of retorts, &c. 

he next chapter is a lengthy and important one 
dealing a8 it does with tock beeches, retort settings, 
and kindred subjects. In the earlier portions of 
this chapter a good deal of interesting historical in. 
formation is given, the gradual development of 
retorts and their settings being traced, and a number 
of illustrations being given showing the earlier 
arrangements adopted, Present practice is next 
dealt with and very copiously illustrated by engray. 
ings, showing the retorts and settings adopted at 
a number of our leading works, specifications 
of the settings being also given, while lastly a 
variety of the fittings connected with retorts—such 
88 mouthpieces and doors, rising mains, hydraulic 


&e,—are very fully deseri The sixth and 
ih Moonee the second is devoted to 
chinery for drawing and oe ane * 


retorts, the ap- 


Taylor, Buckley and Sage ae Bact, ay aid 
Scott, Rowbottom, Fotis, West,” Whitaker ‘an 
Rowland, being illustrated and described. © ” 

The third part. commences with a chapter on 
types suitable‘ for small and’ large works being 

iyen, while the second’ chapter treats of ex- 

austers, inclucing some notes on the engines ‘used 
for driving them. “In connexion with ‘this, part ‘of 
ths subject Mr. C. Woodall’s account’ of bis’ ex- 

eriments on Various engines at the Phoenix Gas 
Works is quoted in extenso, while descriptions ate 
also given of Korting’s steam-jet exhauster, and of 
various patterns of governors and bye-passes, &c. 

The next chapter treats of washers, first tracin 
the introduction of this apparatus, and then de. 
scribing various forms.of it, with particulars of the 
work done by them. Chapter IV. deals in a simi 
way with scrubbers, while Chapter V. (the last in 
the volume) treats of purifiers. this chapter par- 
ticulars are given of the introduction of purifiers, 
together with engravings of the earlier forms of ap- 
paratus employed, while the arrangement and de- 
tails of purifiers at modern works are subsequently 
described and illustrated. 

We have in the present notic? don little more 
than enumerate the contents of the volume under 
review, and from the nature of the work little else 
can really be done within the limits of the space 
at our disposal. The book is eminently a de- 
scriptive one, and its great value consistsin the de- 
tailed nature of the descriptions which it coiitains, 
and in the number and excellence of its illustrations. 
In conclusion we may add that the work is ad- 
mirably printed and ‘“ got up” ponerally, in a style 
which is highly creditable to all concerned in its 
production. 








EXTENSION IN NEW 
ZEALAND. 
(From an Occasional Correspondent.) 

A FEW months ago a journey from Wellington to 
Featherston was not to be lightly undertaken, 
though the distance as the crow flies is not more 
than 20 miles, but the road is very circuitous and 
the toil over the Rimatada hill very great, so great 
that the ordinary charge for goods of any kind 
carried over the hill was 4/. per ton, The opening 
of the line through to Featherston has altered all 
that, and I propose to give your readers some de- 
scription of the journey. 

ellington, the Empire City as it is called, is 
situated on the side of a splendid harbour, the city 
itself in circuit form running round the head of 
the bay and surrounded by hills on every side, the 
entrance to the harbour being only.three miles wide 
and called the Heads. | . 

The bay itself..is about, six miles long and five 
miles wide, and in appearance not unlike, 
of Naples. . The,-hills,. however, are quite barren, 
for although at one time covered with trees, these 
have now a burnt down and used up. The station 
is. quite a mile from the town and consists of 8 
office, booking . office, and, lamp, room—the ,whole 
not measuring more than 100 ft. by 20 ft, wide, and 
totally. inadequate for the traffic. ‘The goods.shed 
is about 100ft, by 40 ft, and, were it. not that.the 
paineipal goods traflic is timber, which can, be un- 

ou 


RAILWAY 


The line is single of 3 ft. 6 im. gauge, laid. with 
Vignoles section of rail-501b, to the yard and fished 
to the sleepers, 

Leaving Wellington at 7.40 A.M. our first stoppage 
is at Kaiwarra, two miles, the line to this point 
skirting the edge of the bay to the right the 
main road to the left, and the hills rising precipi- 
tately alongside. About a dozen houses are built, 
here and ‘there is also.a,brickyard, but in reality 
it is more like a suburb of Wellington. 


tant, where the road to Foxton branches from the 
main road, .Petone comes, next, six miles further 
on, where are the locomotive workshops and carriage 
repairing shops, in their infancy, for the tools consist 
of one wheel lathe, one screw cutting lathe, hand 
lathe, and drilli machine, driven by a small 
vertical engine and boiler. Great extensions are, 
however, contem; by. .the; Go . We 
now lose sight..of .the bay, forthe line. plunges 
directly as it were, into the country,’ through the 
‘valley of the Hutt, river, until,we reach the er 








Hutt, a run of eight miles in 30 minutes, rather slow 
‘ adit aloes fs 


condensers, descriptions ‘and illustrations of various | Th 


similar | reach the Upper ‘Hu 


itside, the place. .would be blocked up, 


Inghauraugha is the next station, three miles dis- 


THe 
143 


of five chains. noeg ‘ 
~ “The line is not’ a credit’ to" s 


"one, bat it was 
constructed in hard tim 


is some excuse. 






‘oftizens ao live out 
c ‘morning; and the train 
service is very good in this Fxpech Leaving Lower 
Hutt, we’ follow the course of the fiver, pion. the 


wayside stations of Belmont, Hayward, and Silver. 
stream, which are, hatpty Bctoon Yor the out- 


g ray ‘thé guard's van doing the 
business of ticket, diktr te ets nadie sasist- 
ma 


som 
ing or ‘hindéring ‘the: gui may ‘be: "Until we 
ippet Hutt thete’is“a wide ‘extent of 
level land mostly ander cultivation) with here and 
there a sawmill, ’ for we até now approaching the 

“ bush.” ) H i ¥ 2 L YVS"C,! ; 
The town of Upper Hutt is long’and surags ling, 
all the houses being of timber, built mostly by the 
occupants themselves on land p “tieh the 


Government, atid’ formerly held’ by’ ‘the native 
Maoris, and many pF ek yw has been fought 
at'this spot. From this point the Jine bégins to rise, 


the gradient being’ 1 in‘30 for some milés, and’ pass- 
ing round the sides ‘of hills and through the bush, 
a sawmill here and'a brickyard there, with a few 
woodnien’s cottages, and often ‘cattle straying on 
the line, we reach Kaitoke—27 miles—] hour and 
45 minutes. A refréshmient room is here, where you 
can get ‘anything from ‘‘ B. and 8” to ginger-beer at 
sixpence per glass, no less chargé being made, while 
a very dry sandwich or stale bun can be had at the 
same price. wee ‘ 

Leaving Kaitoke, we enter the bush’ ‘again, fol- 
lowing the course, and in some places crossing and 
réecrossing the River Pakhauratahi (pronounced 
+4 re we reach the Summit, or the top of the 
Rim range of hills, 1300 ft. above sea level. 
Here we‘ lose the ordinary ‘locomotives which the 
Government sses On this line :’ Four 10}-in. 
cylinder outside engines, four wheels coupled and 
leading wheeels oh radial axle-boxes, é by the 
Avonside Engine Company; three 9}-in.cylinder out- 
side engines, four wheels coupléd with leading axle 
on truck bogie ; and one 1 four-wheel coupled. 
Arrived at the Summit, we are taken in charge by 
one of the Fell engines, the descent of ‘three miles 
being constructed: on ‘the Fell mh with certre 
rail, of which I propose’ to give’ you a full de- 
scription in a sw mn ‘letter. ‘gradient for 
the three miles ‘is’ 1 in’ 15, and necessarily the line 
is greatly cdrved. ©" © ane thee 

FOSS haponetey ts ga . 
engines are a changed, an -wheeled 
coupled waking charge; up to this poke “run of 


in g- place, where 


Bay | 38 miles has been madé in three hours. * 


We now enter on quite ’a different country, the 
land opening out’ for miles and miles in what is 
called the Waitapa Plains, on the edge of which is 
the Lake, 30°miles long ‘and 7 miles wide, along 
whose shores‘are many rich settlers with countless 
herds of sheep and cattle, ‘The line is almost level 
to Feath a distance of 45 miles, reached in 
3 hours and 20 minutes, At Featherston there 
ved goods shed and other offices, and a station 


Hotels are plentiful and good, and the people you 
meet though somewhat uncultivated are deen: and 
always ready to afford any information they can, 
There is no trade at Featherston though there are 
large stores, which supply the outlying districts. 
The extension of the line from Featherston to the 
north is being proceeded with, and in a future letter 
I may be able to give you particulars of it , 





COMPRESSED: STEEL, 

It is now about yeurs since we’ reviewed in 
this journal (vide pages 107 and 279 of our twentieth 
volume), the-various modes of compressing steel’ 
while ip a fluid gtate which had; up to that time, 
been subjected ‘to ical trial, To the systems 
of treatment then:dealt-with, we have now. to add 
another which has been extensively adopted by the 


well-known ‘Thomson Steel Company of 
Pittsburgh, U.S,A., and which from the simplicity of 
the , which ‘it involves appears better 








ee ore or general use’than the more elaborate 
of operating of which we formerly gave parti- 
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culars. The system of compressing fluid steel to 
which we have just referred is the iention of Mr, 
H. R. Jones, of the Thomson Steel Works, 
Pittsburgh, Pe lvania, and it consists in subject- 
ing the fluid ual to the action of high-pressure 
steam, the ingot moulds being ially constructed 
toenable this to bedone. The form of ingot moulds 
used and their arrangement is shown by the engrav- 
ings which we give on this and the 5 ages e, 
and before speaking of the results of this mode of 
treatment, it may be best that we should describe 
the arrangements by which it is carried into effect. 

The lates on which the stools carrying the 

ingot moulds rest are bolted to a foundation, 
and are arranged carefully, so that when the stools 
and ingot moulds are in position they may be situ- 
ated on a true arc of a circle, of which the post of 
the ladle crane is the centre. This is done to avoid 
racking in and out the ladle when pouring. The 
stools are of the ordinary pattern, except that they 
have projecting ribs or ges to fit in the base- 
plates, and heavy lugs, by means of which the 
moulds can be clamped down, The stools are casi 
prt yas chills, so as to secure good true faces on 
which the ingot moulds rest. The ingot moulds are 
made as shown by Figs. 5 to 12 on page 85, our 
engravings being fully dimensioned throughout. At 
its upper end each ingot mould has a truly-faced 
cone seat, to which a suitable shaped cover is fitted, 
while at its lower end the mould has an ap- 
proximately true face with eight small grooves cut 
across it, these grooves, which are about #in. wide 
by 1, in. deep, being provided to allow of the ope 
of the gases, as we shall explain presently. Mr 

Jones states that in practice it has been found that 
the fluid steel does not enter these grooves. 

After a mould has been placed on a stool, it is 
firmly secured to the latter by strong forked clamps, 
as shown in Figs. 10 and 12. These dogs or clamps 
are cast approximately to size of Bessemer steel, and 
subsequently forged to fit. At the Edgar Thomson 
Works an ingot mould and stool is provided in the 
smithy, so that the smith can fit the clamps readily 
with fair accuracy. The mould having been secured 
to its stool, the “ pouring cup” is next placed on it, 
this ‘‘ pouring cup” fitting the cone seat at the top 
of the mould, and resting on it so as to protect it 
from injury while the metal is being poured, The 
arrangement is shown in Fig. 5, page 85. 

At the conclusion of the pouring the “ pouring 
cup” just referred to is readily removed, leaving the 
cone seat in good order to receive the lid, which is 
formed as shown in Figs, 8 and 12. The lid fits on 
the cone face, so as to form a steam-tight joint, and 
it is secured in position by a steel wedge, as shown, 
this wedge passing through a pair of wrought-iron 
lugs cast into the moulds, these lugs also serving 
to handle the ingots. To each lid is connected, by 
means of a piece of ordinary wrought-iron steam 
pipe and the special coupling, shown by Figs. 3 and 

annexed, an extra strong india-rubber hose pipe 
that will carry a pressure of 500 Ib. square inch. 
These hose pipes, which are 1] in, in diameter, all 
branch from a small steam drum which for con- 
venience is secured to the side of the ingot crane. 
The arrangement will be readily understood on 
reference to Figs, 1] and 2 annexed, For generating 
the steam used there is employed at the Edgar 
Thomson Works a special boiler, this being of the 
plain cylindrical type 30 in. in diameter, 20 ft. long, 
and constructed to carry a pressure of 250 1b. per 
square inch. For ordinary steel, however, it is 
found that a steam pressure of from 80 1b. to 90 Ib. 
per square inch is sufficient to produce the desired 
results. The boiler is connected by suitable pipes 
with the small steam drum already mentioned as 
being carried by the ingot crane, this steam drum 
being fitted with a series of cocks to which the hose 
Pipes are connected. 

r. Jones states that he was led to design the 
system of working now under rotice from ob- 
serving the eat waste caused by the porosity or 
piping in the upper ends of ordinary ingots. To 
ascertain the amount of this loss Mr. Jones made a 
series of careful tests, and when a 14-in. ingot was 
reduced to a bloom measuring 7} in. by 7}in., it 
was D to cut off not less than from 30 in. 
to 36 in. of bloom to arrive at a part which was 
quite free from piping. Onthe other hand, when 
subjected to steam pressure in the manner we have 
described, the ingots are free from porosity at the 
upper end, and are turned out with a level solid top ; 
the gases which under the ordinary system of weak. 


vided at the bottom of the ingot moulds, the 


have ly stated that with ordinary steel for 
rails a steam pressure of from 80 lb. to 90 lb. per 
square inch is found sufficient to effect the desired 
end, but with very mild steels it is n to 
employ a pressure of 150 lb. to so drive out the 
that the steel will lie quiet in the moulds, 

As for the amount of compression effected by 
Mr. Jones's process we have at present no accurate 
data; Mr. Jones, however, states that if the steel is 
poured to a certain height in the moulds and then 
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subjected to the action of the steam, the ingot when 
stripped will stand from 1} in. to 2 in. lower than if 
the mould had been closed and the ingot had been 
allowed to cool in the ordinary way. It is, however, 
a question as to whether this shortening of the re- 
sulting ingot is simply due to the production of a 
solid ingot in place of one partially porous, or 
whether there is any real compression of the steel 
itself, such a compression we mean as would be in- 
dicated by an increase of the specific gravity. This 
is a question which we have put more than once 
with regard to steel treated by Sir Joseph Whit- 
worth’s system, but it is one which has, so far as 
we are aware, never yet been answered. We are 
ourselves inclined to believe that in all the so-called 
**compressed” steel the ‘‘ compression” means 
simply the exclusion of porosity and not any in- 
crease in the specific gravity of the steel itself. 
The question is, however, an open one, and we 
should be glad of some really trustworthy informa- 
tion on the point. 
To return, however, to Mr. Jones’s system of treat- 
ment, At the Edgar Thomson Works it is the 
practice when making rails to pour five ingots for 
each heat or blow, the weight of ingots depending 
upon the class of rails being rolled. us, if making 
rails weighing 60 lb. per yard, there are poured five 
ingots for four rails each, while rails weighing from 
58 lb. down to 52 lb. per yard, five ingots making 
five rails each are poured. With the steam com- 
es in use it is found that the rails can 
© cropped much closer than when working on the 
ordinary system, and Mr. Jones states that in 1878 
the saving in scrap from this cause amounted to 
2.6 per cent. Apart from the prevention of “ piping,” 
Mr. Jones’s system of working has also proved to have 
otheradvantages. Thus the steam acting on the top 





ing produce the ity, being driven out through 
the grooves which we have mentioned as being pro- 


of the steel cools the latter and seals the ingot, effec- 


deal as pe are. I over with a loud roar. e| being 


tually removing the danger of its ‘‘ bl 
ing handled too soon after being cast. 


.. a) from 

. Jones 
states that at the Edgar Thomson Works they find 
that they can handle a steam compressed ingot ten 
minutes sooner than one dealt with on the old 
system, and this of course enables them to work 
faster, two sets of stools being found sufficient for a 
weekly uce of 2300 tons of ingots. It is also 
found that with the use of steam the ingot moulds 
last better, the average result obtained at the Edgar 
Thomson Works in 1878 being 95 ingots, or nearly 












112 tons of steel per mould, 
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Altogether Mr. Jones's system of working—which 
we may mention is being introduced in this country 
by Mr. A. Davis, of 5, Westminster Chambers, 
S.W.—appears to possess many features which 
render it worthy of the attention of steel-makers, 
not the least point in its favour being the fact that 
it involves the use of no plant of a costly kind, or 
which is difficult to manipulate. 





CANADIAN RAILWAYS.—No. XXII. 
Granp Trunk Rattway or Canapa.—VI. 

Toronto is the terminus at present of seven rail- 
ways, the Great Western, Grand Trunk West, 
Northern, Credit Valley, Toronto Grey and Bruce, 
Toronto and Nipissing, and Grand Trunk East, to 
which will probably be added the Toronto and 
Ottawa, all of which run in front of the city on a 
broad esplanade, built up and reclaimed from the 
water of the harbour. The Great Western, Northern, 
and Nipissing Railways have their own stations at 
different points along the esplanade; the others 
transact their business in alarge union station near 
its centre, to which all have coe B.- the te 
change of their e tion 
obainagn meeting cojousd tot the different roads 
between the city and the harbour affords also an 
admirable arrangement for the delivery and shipping 
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INGOT MOULDS FOR COMPRESSING STEEL; EDGAR THOMSON STEEL WORKS, PITTSBURGH. 


CONSTRUCTED FROM THE DESIGNS OF MR. H. R. JONES. 


















































































“Mi: 





Lb 











pxild: & Fork attached. Fork tobe cost on Bessemer | 
Steel & Forges to gwen Svzes. 









































Oo  Secteom through Centre of Ce 




































































of the freight.on to the lake vessels ; each of the | access can be gained from every road without inter- | so many adverse interests have to be served, and 
railways has its own separate wharf establishment, | fering with the accommodation of any other railway | that in its long length of nearly two miles sufficient 
connected with the general shunting ground between | or steamer. It would seem as if the disposition and | room and frontage were obtaina ble for every purpose, 
the quay-side and the main a | the different na- | working of this d central terminus were all that | but in ce the concentration of traffic is too 
vigation companies have also their wharves to which | could be desired, where so many railways meet, and | great, the accumulation of empty cars and coaches is 
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embarrassing, the through freight business is un- 
necessarily delayed and interfered with, and an. 
undue amount of shuntifg is unavoidable. - To’ 
remedy this it has been | en 9g to build a loop 
line at the back of the city from the Carlton Station 
on the Grand Trunk west of Toronto to Scar- 
borough, 9 miles east, a distance by the new line of 
only 10 miles in place of 14 miles by the present. 
route. Besides this saving in distance, and the relief 
afforded to the esplanade stations by the removal of’ 
the through freight trains, the Yorkville loop line, ' 
as it as called, is practically level, whilst the main line 
dips down a heavy gradient on both sides to descend 
to the level of the Toronto wharves, and it would thus 
enable the engines to draw a very much heavier train 
than at present. Yorkville itself, immediately to the 
north of the city limits, is the most populous and 
rapidly improving suburb of Toronto ; it is also the 
place where the beautiful white bricks of which the 
city is largely built are uced, and the new rail- 
wa weal afford in addition a convenient point of 
embarkation for nearly as large a population as 
the present esplanade stations accommodate, the 
residents near the latter being all to the north side 
of the station necessarily, whilst Yorkville has a 
dense population on both sides of the proposed 
railway line. The idea may be a little premature, 
but the scheme has no doubt a great deal to re- 
commend it. 

Leaving Toronto side by side, for we are now in 
the district of competing railways, the Northern, 
Grand Trunk, and Toronto Grey and Bruce take 
their parallel courses for eight miles together, the 
Great Western turning off towards the Lake Shore, 
three miles out at an acute angle, and the Credit 
Valley being between the two. At Weston, eight 
miles from Toronto, the three parallel roads diverge, 
the Northern taking its natural due north course to 
Jakes Simcoe and Huron, the Grey and Bruce 
striking off to the north-west, and the Grand Trunk 
turning due west to the St. Clair river. At George- 
town, 29 miles fron ‘Toronto, a new railway is inter- 
sected from Hamilton to Barrie, at the north-west 
corner of Lake Simcoe, a road that in the present 
state of matters ought not to have been constructed, 
as itis purely a competing line, opens up no new 
country, and the distance from Hamilton to Barrie, 
95 miles, between which there is little or no through 
traffic, is not less than could have been saved by a 
short junction between the Northern and Great 
Western Railways near Toronto, whenever such a 
union were deemed necessary. Hamilton, however, 
‘the ambitious city,” as it has been called, wished 
to secure for herself any trade that the northern 
connexions could — to Toronto, and jealous of 
the railway system of her rival, voted 200,000 dols. 
as a bonus to the new road, other municipalities 
subscribed 519,000 dols., and the Ontario Govern- 
ment was induced to extend its aid to the extent of 
406,500 dols, Since the opening of this railway, 
which extends beyond Hamilton south to Lake Erie, 
crossing the Buffalo division of the Grand Trunk at 
Caledonia, that railway has put on a service of 
trains over their own lines and the 51 miles of the 
intervening new road, making a through service of 
trains between Toronto and Buffalo, an act of 
animosity against the Great Western which it seems 
difficult to justify, as the new route is very much 
longer than by the Great Western, and apparently 
wholly uncalled for. Guelph, 48 miles from Toronto, 
is one of the largest and most rising towns in 
Western Canada, and the centre of as fine an agri- 
cultural district as can be found in America. Like 
Rome, it stands upon seven hills, has a gravelly soil 
on a base of magnesian limestone, which affords an 
excellent building material, and to which the town 
is much indebted for the beauty and durability of 
its principal edifices. It was named in honour of 
the royal family by John Galt, the novelist, who 
here struck the first blow at the ificent 
tree selected to be the first “elled in the then 
dense forest, on the 23rd of April, St. George’s Day, 
1826. ‘* The tree fell,” he says ir. his diary, “ with 
a crash of accumulated thunder, as if ancient nature 
were alarmed at the entrance of social man into her 
innocent solitudes, with his sorrows, his follies, and 
his crimes.” In 1871, only forty-five years after 
this first commencement of a clearing, a town of 
6878 inhabitants had arisen on the site, and 28,805 
people were living in the district of which that tree 
was once the centre. The River Speed flows through 
the town, and the fall of 33 ft. within its limits hae 
been largely utilised for manufacturing and other 





par As soon as it was laid out under the 


poses, 
direction of Mr. Galt, the district rapidly filled with 





settlers principally from Norfolk, Suffolk, and York- 
shire, nd came out the instrumentality of 
the Canada Company, on whose property this was, 
and of which mena Mr. Galt. was the founder 
and first manager. Although for a number of years 
this company made but little progress, and was 
almost ruined by the jealousies and dissensions 
amongst its directors and officials, its operations 
had an immense deal to do with the early settlement 
of this district, and its early blunders and mis- 
management have long since been lost sight of in 
the results which have been clumsily, perhaps, but 
nevertheless substantially, arrived at. The Canada 
Company was formed in 1825 for the purpose of 
securing a block of one million acres that had been 
lately acquired by the Government from the Indians, 
and they ultimately arranged for its purchase for 
the sum of 145,150/., one-third of which was to be 
expended in public improvements, roads, bridges, 
canals, churches, &c., and they were to have sixteen 
years to complete their purchase from July l, 
1826. Besides this Indian land, they had deeded 
to them 1,384,413 acres of Crown lands, the average 
cost of their whole purchase being 2s. 103d. per 
acre. From the report for 1850, when the company 
had been 25 years in existence, it appears that up to 
the year 1838, the financial requirements of the 
company were provided by calls upon the shares in 
addition to their land sales, and that 32/. 10s. had 
been paid per share, amounting to 289,737/. alto- 
gether. During the next eleyen years they issued de- 
bentures to the extent of 133,2001, and including 
some debts due, the total outlay and liabilities of 
the company in 1850 were 442,000/. They had sold 
787,151 acres of land for 544,847/., of which 320,5434/. 
had been actually collected in Canada and remitted 
to England, and at the same time 292,172/. was the 
amount of sales on credit, the instalments on which 
still remained to mature, and the interest on which 
was bringing in 14,625/. per annum. The property of 
the company in London and Canada was then valued 
at 979,091/., and the land which cost them only 
2s. 103d. per acre had been sold the previous year 
to the extent of 126,286 acres at an average of 
16s. 2d. per acre. The company in its early start 
was no doubt very sadly mismanaged, and the life 
of Galt is a constant record of the annoyances to 
which he was subjected, and the persecutions of the 
London Board of a deserving officer who had the 
advantage over his employers of knowing what was 
necessary and expedient, whilst they were be- 
wildered amidst a maze of ignorance, and listening 
to every adverse insinuation, were the victims of the 
most absurd misrepresentations. The experience of 
Galt was very much the same that has been accorded 
to most managers of English companies operating in 
Canada under the directors of a London Board 
whose knowledge of their property is derived 
principally from the stcosiensl visits of a commis- 
sioner, half agent, half spy, but wholly prejudiced, 
selfish, and misinformed, and so long as this imper- 
fect means of communication exists between a 
Board and its executive, with the dissimilar methods 
of conducting business in the two countries, so long 
will these unhappy differences exist between boards 
and their managers, and so long will English invest- 
ments in Canada be more or less unremunerative. 

Guelph was for some time the terminus of the 
Galt and Guelph Railway, a north and south line in 
continuation of the Galt branch of the Great 
Western, which since has become the property of 
that corporation, who have extended it northwards 
to the shores of Lake Huron, so that Guelph is now 
the point where the Wellington, Grey, and Bruce 
division of the Great Western crosses the Grand 
Trunk. At Berlin, 14 miles further on the main 
line, another short railway, the Berlin and Preston, 
comes in from Galt and Preston, making, with the 
Grand Trunk and Great Western, an equilateral 
triangle. This was originally an independent local 
company, who completed the road, subsequently 
became bankrupt, and after one or two sales and re- 
sales, and remaining for years unworked, the rail- 
way became, as their Galt branch, a member of the 
Grand Trunk system. 

Stratford, 88 miles west from Toronto, is the 
ee station of the Grand Trunk in the Upper 

eninsula. It is here that the two divisions of 
their western system from Detroit to Toronto, and 
from Buffalo to Goderich, cross each other, and the 
trains of their important London branch, which 
leaves the main line at St. Mary's, 10 miles west of 
this, also start from this station, making five diffe- 
rent radiations of the Grand Trunk system from 
this point, besides two independent lines, the Strat- 


ford and Port Dover, and Stratford and Lake 
Huron, which also come into the same station. From 
this common centre it is 143 miles to Detroit, 454 
miles to Goderich on Lake Huron, 115 miles to 
Buffalo, 33 miles to London, and 88 miles to 
Toronto by the different arms of the Grand Trunk, 
and by the independent lines it is 63 miles to Port 
Dover on Lake Erie, and 28 miles to Listowel, 
where the north line makes a junction with the 
Wellington, yt and Bruce division of the Great 
Western. By the main line of the Grand Trunk 
going east, Stratford is 421 miles from Montreal, 
718 miles from Portland, and 1216 miles from 
Halifax. 

The railway station at Stratford is the largest and 
most complete on the Grand Trunk, and the prin- 
cipal western workshops of the company are con- 
centrated here, giving employment to several hun- 
dred mechanics, and largely increasing the wealth, 
trade, and a ry of the place. Like its English 
namesake, Stratford is situated on the Avon, and 
the foundation stone of the town-hall was laid in 
1864 on the tercentenary festival of Shakespeare’s 
birth. In the whole of this district, building-stone 
of a dark colour, a variety of dolomite, is obtainable 
in any quantity, and almost of any size, and hence 
these rapidly rising western towns have in their im- 
mediate vicinity a material of excellent quality, 
durable, and yet easily worked, for their public and 
more important edifices, which are in consequence 
as a rule elegant in design and attractive in ap- 


pearance. 
One of the first railways projected in Canada was 
from Toronto to Lake Huron, which was incor- 
porated as early as 1836. It was intended to follow 
pretty nearly the same route that the Grand Trunk 
now does as far as Guelph, but its western terminus 
on Lake Huron was not decided upon. The Act 
expired by non-user, but in 1848 it was revived 
again as the Toronto and Goderich Railway, in- 
tended to occupy nearly the same route as now 
adopted by the Grand Trunk between those two 
points, and when in 1852 the present company 
was formed by an amalgamation of existing 
corporations, the Toronto and Goderich amongst 
others, it is much to be regretted that the western 
terminus in Canada was changed to Sarnia, which 
with the line then projected from Detroit to Port 
Huron (the American town opposite to Sarnia) was 
at once a hostile threat against the Great Western, 
whose line from Toronto to Detroit was then under 
construction, and which was opened from Hamilton 
to Detroit in January, 1854, before a stroke was 
struck on the Grand Trunk west of Stratford. That 
the aggression was entirely on the part of this latter 
company will be seen by a comparison of dates. In 
1852, the year in which the Grand Trunk was in- 
corporated, the Michigan Central was in operation 
from Chicago to Detroit, and the same year witnessed 
the completion of the last of the seven inde- 
oe railways, all now merged in the New 
ork Central, which together connected the Hudson 
river at Albany with the Niagara. The Great 
Western was chartered as early as 1845 to fill the 
gap between, and form a d through route be- 
tween Chicago and New York. It was opened 
throughout after considerable delay, and several 
aaa openings January 27, 1854, before any great 
amount of work had been done on the Grand Trunk 
and nothing on the western divisions. The Hamil- 
ton and Toronto was chartered in 1852 as an in- 
dependent company, with English shareholders and 
directors, Messrs; Gzowski’s contract for the con- 
struction of the railway from Toronto to Sarnia was 
dated March 24, 1853, before any surveys had been 
made, and before even Messrs, Peto, Brassey, and 
Betts’ contract was signed for the more important 
section between Toronto and Montreal. The haste 
thus manifested to injure the Great Western was 
at once accepted by them as a declaration of war, and 
on the 22nd of April, 1853, a month later, they ob- 
tained their charter for a branch line of 51 miles in 
length from Komoka to Sarnia, and before the first 
east and west line was opened through the Canadian 
ao Se Lake Ontario to nae. = 
el lines were in gress to compete for this 
ianees traffic. On Mosunber 17, 1856, the Grand 
Trunk was opened from Montreal to Stratford, and 
on the 990d. of December, a month later, the 
Buffalo and Lake Huron, then a separate company, 
opened their line from Fort Erie opposite to Buffalo 
to this same point. Two years later, June 28th, 
the Buffalo Company extended their line from 
Stratford to the best harbour on Lake 





Huron, and three months afterwards the Grand 
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Trunk opened their road from Stratford to St. Mary’s 
and London, the latter a station on the Great 
Western, 100 miles from Detroit and 76 from Hamil- 
ton. Even still there was no very great harm done. 
London was 121 miles from Toronto by the Grand 
Trunk, and only 115 by the Great Western, but ex- 
cepting from this district the two roads traversed an 
entirely different intermediate country, and were 
generally 25 miles apart. If the two companies 
from the west could have used the existing Great 
Western line from London to Detroit in common, 
all the subsequent competition and loss would have 
been avoided, and thousands would have been saved 
to both. But both companies were now unreason- 
able, the aggressive Grand Trunk were determined 
to have their own separate route to the western 
states, and in a similar spirit the Great Western 
pushed on their line from London to Sarnia, 
which they opened December 27, 1858, nearly a 
year before the Grand Trunk line from 'St. Mary’s 
to Sarnia, which was opened November 21, 1859. 
The attitude of the two companies since has been 
one of bitter and relentless hostility; for twenty 
years they have fought each other from every 
available point, and although: the shareholders of 
each have been amused year by year by visions 
of a peaceful termination of these disputes, the 
recent commencement of a train service from Detroit 
to Buffalo over the Grand Trunk, and another 
from Toronto to Buffalo, seem like further aggres- 
sions of that company on the domains of the Great 
Western. 

Ten miles west of Stratford, at St. Mary’s, the 
London branch, 213 miles long, from the junction 
turns off to the fast rising capital of this western 
district, The London branch and the main line each 
crosses a magnificent viaduct after leaving the 

ction, built of the limestone of the neighbour- 
hood, inexhaustible quarries of which exist near the 
railway. From this point forward to Sarnia is 70 
miles, the Grand Trunk Canadian terminus being 
just north of the village, at Point Edward, Sarnia 
originally was laid out as an Indian reserve for the 
Chippeway tribe, the wildest and most untamed of 
all the “ redskins.” They still have a tract to the 
south of the town laid out and considered to belon 
to them, of which they make a very poor use, an 
it would have been much better for them, and per- 
haps, also, for the enterprising companies that have 
disturbed their privacy in this secluded portion of 
the Dominion, if Sarnia had remained wholly de- 
voted to these irreclaimable descendants of the 
aboriginal inhabitants. 

The western portion of Canada is divided from 
the United States by the River St. Clair, which dis- 
charges the waters of Lake Huron into the Lake St, 
Clair, by that lake, and by the Detroit river, which 
carries its waters into Lake Erie, the general course 
of this 76 miles of the international boundary through 
the centre of these waters being north and south. 
The St. Clair river, at the northern extremity of 
which Sarnia is situated, is 33 miles a and from 
three-quarters to a mile in wi dth, and as Lake 
Huron is 6 ft. higher than Lake St. Clair, there is a 
current running through it that varies from four to 
seven miles per hour, The trains of the Grand 
Trunk are ferried across this river by two powerful 
vessels, each of which has three 
laid along its deck, and which is capable of trans- 
porting an ordinary train of twelve passenger cars 
or twenty-four freight cars at once. On arriving at 
Sarnia the boat is found in position, end on to haved F 
wharf, and the rails on its deck are locked 
corresponding sidings from the main line. As mrt 
ing engine takes one-third of the train, if of full 
capacity, at a time, and pushes it on to the corre- 
sponding road on the boat, and the other sections 
similarly follow. At Port ‘Huron, on the opposite 
side, after the boat is made fast, they are unloaded 
in the same manner, the whole delay of loading, 
unloading, and transit occupying under 20 mi- 
nutes, 

Port Huron, in the state of Michigan, is 60 miles 
from Detroit, the capital of the state and the terminus 
both of the Grand ‘Prank and the Great Western, 
225 miles from Toronto by the latter, 231 by the 
former. This piece of the Grand Trunk was con. 
structed by an American company, the Chicago, 
Detroit, and Canada Grand Junction, was opened 
in 1859, and has been leased and o by the 
Grand ‘Trunk ever since. The total cost of the road 
was 2,073,984 dols., of which sum 1 ,095,000 dols, is 

in first mortgage bonds. The for the 

year were 453,414 dols., and the ex 
were 417,054 dols., leaving net earnings of 36,359 


Pe 


parallel tracks | *og 


dols, towards the interest on the bonds amounting 
to 109,500 dols., the Grand:Trunk of Canada sup- 
plying the deficiency. 





THE POLYPHEMUS. 


Tue torpedo te oy now = ie in 
Chatham to be the most extra- 
ordinary ship Tats yeyeny bane uilt. She is novel and 
peculiar alike in form, structure, fittings, and arrangement 
of armour protection ; while her venpens of are such 
as will necessitate her being fought diff from any 
other war ship. Her design was ibed by the late Mr. 


Ward Hunt in the House of Commons on the 12th 
March, 1877, as being “‘ of a kind as yet unknown in 
part of the world, but which has been much talked ste 
and has been at last forced u: n me by that gallant 
who stands at the head of the veteran list of the Navy, 
viz., Sir George Sartorius, who has shown that alt 
his is great, his mind is still youthful, and that 
is willing to receive new ideas and able to inculeate brani oe 
The leadin, ing features of the Polyphemus a 
bow, a powerful torpedo battery, great speed and han “a. 
moderate size, and a small extent of surface my water 
exposed to the enemy’s fire, such portion of the vessel as is 
above the water line being convex in form, so as to deflect 
any projectile that may strike it. The appearance she will 
resent when at sea will be that.of a c oy floating on 
its side and deeply immersed, whith is Coned at the ends 
to form a bow and stern. The Sopot of pe. cylinder will be 
4 ft. 6in. above the water line, be flattened over a 
large portion of its area to form a yas The whole of 
this flattened cylindrical surface will be plated over with 
= <a Py ee tied in and pooeets og uD and all 
er m an S saplionoes. e ship proper 
as she will thus Paige Dror urmounted by a light 
structure cy urricane deck of about two-thirds 
her length, dita desk tall a Wore Saget act, 
funnel, pilot tower, E beaia and other fittings. 
Under water the form of the Polyphemus is as 
it will thus ss above. The prod ee 4 drical curvature the 
sides is below the water line, and 
armour-plated ‘ that yer Below this point the section 
assumes a V form, and inas angle at the keel. 
It will therefore be oon 6 that a com; cross-section of 
the vessel is very si to that of a peg-top. The flattened 


Pe 


convex curvature of the a peg-top a 
represent the part of — "Woy Attac ont that is ebo 

and the lower hich enda in-s point, Soak che 
represent ‘the part of of the ship that is below water. If 
the peg-top be to t in water at a depth 
below where its breadth is greatest and where the 
section thus begins to curve towards the centre line, a rough 
idea may be obtained both ¢ of the form and proportions 


pro) 
the above and under-water parts = the tnt wom 

The Polyphemus is 240 ft. long re, loud draught of 
40 ft. in extreme breadth, and a have a draught of 
20 ft. Her displacement will be 2640 tons. The convex 
armoured deck will be 4 ft. 6 in. above the water line, and 
will be completely plated over with steel armour 3 in. thick. 
This armour will be carried to a depth of 6 ft.to07 ft. below 
the wove — ee ne = not be fitted with 
masts or sails, bu carry a pole for signalling purposes 
and for making observations from. She will be propelled 
by twin screws, and will have two pairs of high-pressure 
compound horizontal teeny which are Deptord. Bact 
by Messrs. en ys = eg Deptford. Each 
= A acrmtan cylinder will be 38in. in diameter and the 
low pressure 64 in. The stroke will be 45in. The boilers 
will be of the locomotive type, twelve in number, and will 
be made of steel. They work ms to a pressure of 110 
oad square inch. It is estimated that the wil 

icate a collective power of 5500 one and that the 
of the ship will be 17 knots. 

The only offensive weapons the Polyphemus will: — 
area powerful ram bow and White torpedoes. 
will have no or at all, except a few light shell guns nt 

lings on repelling 


deck for the 6 of 


cm 

fit it reaches the nae ae 9 een 
so that it may be unshipped and taken 
not required for active use. Under the ram is a 
port, which will enable Whitehead torpedoes to be 
right ahead of the ship. a are also two 
ports on each side amidshi; 
ejected on the broadsides. po! 
working the torpedoes will be upon the system fitted in the 
Vesuvius and G m. All the torpedo 
water, but it is understood that this 
will be supplemented by torpedo firing above water from 
the armoured deck upon -the system adopted in ordinary 
torpedo launches. 

Above the armour-plated portion of the hull a hurricane 
deck is fitted for about two-thirds of its | This deck 
is about one-half the extreme —— of the ship. Com- 

munication is made betweén the hurricane deck and the 
interior of the ship by openings cut th h the armoared 
deck. The oo Rene a by = 
and armour, and casings, which eon.quitieken 
hurricane deck. The boats are carried upon the ts a 


torpedo 


the lower se of the shi 
hurricane deck, amd 


byrripape deck, as we have stated, for repelling boarders 
or torpedo boats. 
The Polyphemus is a throughout of steel. The frames 


are of Bessemer, and the bottom plating of Landore- 
nl steel. She i is constructed upon the usual system 
of transverse bracket frames and continuous longitudi 
and has a double 2 bottom the whole length of the ship right 
up upper deck. 
‘echnigth competion botn caro afr as a 
as far as ap) 
possible. The double bottom is split up into a 
number of cellular eine balkhead aye the "hold is divided by a 
rere blk beads middle and numerous trans- 
are contained i in four sepa- 
Ricat sre corny of the hold, three tole 
mH ga is also contain 
ina epee watertight compet rtment. The advan of 
tly obvious in view of the 
ility of ome of one of the the ‘bolle or seer rooms being bilged 
rss a blow from a ram or The double bottour i is 
so as to include ial oal bankers, as in the 
jou and the Inflexible. By these means buoyancy 
is gained if one of the compartments is opened up to the 
sea, as the water can only find its way amon; e inter- 
ogee ed the coal, and a large quantity a thus ion out of 
e ship 
The cabinsand accommodation for the crew will all be 


below the armoured deck, and will be ventilated artificially, 
asin the ironclad monitors. They will be lighted through- 
out by the electric light, which is already being fitted in 
several ironclads, and is likely to become extensively used 
for this purpose. An electric light will also be pr pn in the 


look-out on the polemast, for reconnoitring and 


Puthe most remarkable and novel feature in the ~~ yet 
remains to be descri The bottom pla m each 
side instead of in @ keel, or flat keel % was the 
middle line, is formed into a recess; so of a 
keel there is a rec groove, 1 ft. 8in. wide and Sft. 
deep, taken out of bottom of the ship. This groove 
or recess is intended to be filled with cast-iron ballast up 
to a weight of 300 tons. The ballast will be cast in 
several lengths, and will be 80 attached to the ship that, in 
the event of a compartment bilged, and its bein 
desirable to lighten the ship, the ballast can be let go an 
d from any part, as may be required. The draught 
and trim may thus be regulated toa limited extent 
should the vessel be dam ceoutiees This is a t that 

pro engineers. 
a, he ballast seems to may keep the 
in the water, and prevent the deck from becomin 
much exposed when the ship is uninjured; but 
become still further immersed from any cause, the  Soeneins 
of the ballast will somewhat relieve and lighten id 


of | utmost effect of the ballast will be to enable hy " vensel 


to float 12in. to 14in. lighter when it is dropped than she 
would do before. In other words, although her armoured 
deck is only 4 ft. 6in. above the water, this height only 
is ©: to the meg fire, the surplus buoyancy, on 
account of the ballast, will be the same as though the 
gag ey gna 5 ft. Gin. or 5ft. Bin. above the water 


It will be obvious Cte ele amounting 
to about one-ninth of the whole weight of the ship, cannot 
salons kann tctapaakt teameten enppaiauns-of Aieles 
engines an of engine 
Cie. for a given speed eben gy mre et the ship 

oe Colas thot with her. The additional engine 

power rer that will be required :to drive the Polyphemus at full 

speed, after adding the ballast, will necessitate an in- 

cuengnt, cont eomeesigtne of 9 to 10 per cent.; and a cor- 

pondin, seeenenssoon endurance, | It wil — 

on necessary to carry abou is dead weight in 

unel Seaans tee Se toe question for con- 

sideration whether the of it about in time of war 

at a cost of reduction in , or in coal or ber power 
oe nevi Whasa otal ae wae Se meth 

—will be the armoured 


are unnecessary in 
that there are many 
5 einbarment of fortifications, 
ut by ships armed with guns 

emus is not whéthet each 
vessels, but whether 
though very useful, 


she may eae el a ae, —— 
purpose starting a of war tw valuable 
auxiliaries in action. tr unt, on tle occasion 
before referred to, spoke of eonadiede, 
‘* This vessel must, of course, to a certain extent, be re- 
» even House as it to be a 

success, I could not propose it to the 
rsede all other kinds of fighting 
adjunct to a fleet in case of war. 
not be ae that she should be kept at sea oe a 

at a time, but I venture to think she will prove a very 
she should be a success, she may 
Decpons. be supneran 05. aicon! at viral bo Shebe monster at 
h tremendous armour that we hear spoken of as likely 
be built te senna hendion weeta,™ 
The Polyphemus was commenced in dey aod and 1878 
and is already far advanced, |i ee en 
plated, except cept at the extreme ends. 
made with her, and she Come DP-GN a for ee one 
in a very few months.— 
SourH Arzrican Rarways.—Surveys for 


Bailwa have been completed for about Cer og 
J The Beaufort Railway will be completed 


hi likely 
8 
Prcbebly it ‘would 














for 
Ph or Gatling guns 


gers 
light 


‘next month to Bitterwater. 
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THE MICROSCOPIC INVESTIGATION OF IRON. 


THE MICROSCOPIC INVESTIGATION OF 
IRON.* 


By A. Martens, Engineer, Berlin. 

Tux first impulse to these investigations, which are not 
to be considered as conclusive in any way but merely as 
introductory, was given by Mr. E. Schott’s remarks on the 
value of the microscopic investigation of iron for practical 
ironfounding in his valuable interesting work on ‘‘ Die 
Kunstgiesserei in Eisen.”” The object of this article is 

rincipally to show the practicability of this method, to 
aes further investigation, and to indicate the manner in 
which satisfactory results can be obtained. The results 
arrived at by the author are shown in the illustrations, and 
accompanied by a few words of explanation. 

The microscopic investigation of iron can be practised 
either upon ruptured or ground and polished surfaces. 
Observations upon ruptured surfaces are best carried out 
with magnifying glasses of but low power, because, firstly, 
the reduction in the intensity of light, and, secondly, the 
opacity of the object, interfere with t ——— of micro- 
scopes of high power. A twenty-fivefold linear enlarge- 
ment is the most suitable, and gives the best and clearest 
results; for only few ruptures with very even surface can 
the power be increased to fifty or sixty times linear enlarge- 
ment. In all cases is it y to change the distance 
between the object glass of the instrument and the surface 
constantly, and form a picture from the succession of 
observations, which requires some skill on the part of the 
experimenter. 

n the investigation of ruptured surfaces of grey pig iron, 
the most prominent parts are the small particles of graphite 
which entirely hide the metallic iron from view ; these show 
—* reflected light the shape indicated in Fig. la; 

his figure also shows that the surfaces of the phite 
particles are not flat but bent and wrinkled in all direc- 
tions. The sketch for Fig 1 was obtained under fifty times 
en t, the surface being etched by hydrochloric acid. 
Fig. 1b shows part of la enlarged 250 .imes ; here it can 
be (mg J seen that the gra 





] hite particles consist of small 
, the typical form of which is the equilateral triangle. 
Almost every one of the pa scales shows this form 
when svfficiently enlarged, and the occurrence of graphite 
therefore be proved beyond doubt the 
leroscope. These graphite scales are found largest in 
cavities and on the surface of pig-iron bars. Their size be- 
comes less in the solid iron, from which they may be separated 
the action of acids, and they are in the same ratio 
as the iron contains less graphite. It;is well known 
that the conditions of cooling have a considerable influence 
upon the deposition of graphite. 
We find further upon the ruptured surface the different 


means 0 
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* Translated from ‘‘ Zeitschrift des Vereins Deutscher 
Ingenieure.”’ 








iron combinations, and now and then some foreign: sub- 


, for inst silicate. The iron combinations are 
principally noticed in those qualities that are poor in 
graphite, the so-called white iron. The raptured surface 
of this iron is quite different in appearance to that of grey 





iron, the little particles are of a more globular shape, of | been 


bluish, sometimes silver-grey lustre, which cannot be mis- 
taken from the somewhat nee of the graphite 





take one too far to explain them here; it may, however, be 
mentioned that in consequence of these formations bein 
mostly found in cavities of large castings, they show 
the most beautiful colours that occur when tempering iron. 
In ruptured surfaces of similar castings I have hitherto 
unable to discover similar formations, although Mr. 
Schott mentions their occurrence. This casting was blown 
with coke; I have, however, in some charcoal iron noticed 


scales with their typical shape and slate-like | in cases formations in the homogeneous metal 
arrangement. Some of these scales appear deep black with | mostly of very elongated form. I am not ina position to 
white outlines in consequence of their position to the light. | say positively if any conclusions can be drawn from the 
The structure of such iron, which a in; 1 of the main axis of these crystals upon the quality 


agvaees arran, 
parallel or radial bundles like the skin of chilled castings, as 
well as the mottled pig iron, loses materially in distinctness 
with even moderate enlargement, and is hardly observable 
with high powers. 

Special characteristic features are revealed by the micro- 
scope on spiegel iron. When investigating the fresh 
rupture, we usually notice some small laminated putes, 
which seen with the naked in reflected light, show a 
decided lustre in all cases, whether pure white or coloured 
by the effects of tempering. See ney eatenget, 
about 120 lineal, these surfaces dissolve into e 
surfaces broken up by little globules, and in other 
we notice a collection of ogular columns arranged 
parallel to each other, as shown in Fig. 2a, 

a hundred times, and also covered with the small glo 
bodies, which are pretty regular in their distribution. Fig. 2b 
shows these in 300-fold ent ; the size of these 
globules varies from about 0.01 to 0.3 millimetre, and 
about 1200 to 1500 of them may be found upon the space of 
one or more millimetres. These formations are almost in- 
variably most brilliantly coloured, and give a remarkabl 

effect under the microscope. Besides this we find 
in spiegel iron sometimes pure white surfaces, broken only 
by very fine cracks, crossing each other in two directions, 
and now and then covered with small ised laminz or 
needles, which show most perfect polished surfaces under 
the microscope. Whenever one of these spi crystals 
agocass infracture parallel to the surface, the structure is 
of a fine-grained pure white colour, if, however, broken 
vertical to the surface the fracture shows the particles 

parallel to each other, and at right angles to the 

surface. 

_ We have in the above touched upon the forms of crystal- 
lisation of iron, and we may remark here that crystals also 
occur in grey pig iron, and that the investigation of them 
is very interesting ; to these belong the so-called Tannenbaum 

stals (fir-tree crystals) described in the pamphlet, by E. 
Schott, already mentioned and illustrated above by 
Fig. 3. This piece was found inside a very hea 
casting; the typi crystalline form is that indicated, 
Some of the s' of these crystals are shown 
these I 
points, but it would 


enlarged eight, fold in Figs & When ining 
y in . exami 
have notion] some very i i 





of iron, because I have not yet been able to carry out a 
sufficient number for comparison ; but taking into account 
the various occurrences of these crystals which I have in- 
——- I am inclined to believe that this may be done. 
One formation that I have.only met with once, but which I 
consider of sufficient interest to mention, is shown in Fig. 5, 
consisting of a number of small crystals distributed over a 
sphere ; the crystal itself is shown 180 times enlarged, and 
I have not been able to ascertain the compositions of these 
little crystals, which only measure about 0.02 mm. in 
diameter. 
I now come to that class of microscopical investigations 
which I consider the most useful for ical purposes, 
the investigations of ground and polished surfaces. It is 
here, as in the first class of observations, advisable to 
employ only limited power instruments ; enlargements of 
200 li are for almost all purposes sufficient, and with 
this power I have found it another a 4 to be able 
to place the object fixed upon the object-hol i 
position that most of the reflected light from 
the surface is thrown into the field of vision of the micro- 


scope. By altering the ition of the lens you can get 
all parts of the object ciently sharp and dice in suc- 
cesssion- If Canada and covering glasses are used, 


it is not necessary to bring the object in this angular posi- 
tion, but the balsam somewhat interferes with the clearness 
of the vision, and in time changes the colour of the object. 
To prepare the thin slices of iron for the microscope re- 
quires both skill and patience, because the surfaces must 
be very even and of a perfect polish. With some practice, 
however, it is not so tedious an undertaking as one might 
—— The best way is to fix a piece of the metal 
as thin as ible and not larger than about 7; in. to 
} in. Y y means of shellac to a piece of wood and 
grind the metal with emery and water upon a thick glass 
plate about 10in. to 12 in. square. When reduced to the 
required thickness, fine washed emery is cumeged for 
a and a new — must be used for = - 
y third ot operation is polishing 
fice : this is done with oxide of tin or some other 
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THE MICROSCOPIC INVESTIGATION OF IRON. 
j a Fig 7 








Fig. 8. 





The pure metallic iron is hardly affected by the acid, 
iron not until after considerable time, and oe 
w mixed in the section with other softer an ker 
coloured materials, with sharply defined and mostly with 
iarly broken and ragged outline. If the spiegel iron 
is predominant and in larger patches, we sunstely notice it 
8 covered with small but regularly distributed holes, which 
. peem to correspond to the small globular 
that are noticed in a rupture of spiegel iron. some 
> cases these little holes are so close together and ran into 
each other in such a way that they form ferns 
on the surface, such as are shown two hundred times 
enlarged in Fig. 9. This is a section of spiegel iron from 
Rolandshiitte, exposed to the action of sulphate of mag- 
nesia ; the deeper etched parts again show different gradua- 
tions of shade as well as of colour, partly also due to the 
action of the acid, and in some cases it is quite possible to 
distinguish two or three decided shades. | 
In the grey pig irons the graphite particles are 
distinctly marked and more or less elevated a the 
surface of the iron, according to the influence of the etching 
fluid. 
Different variations in the composition of iron may be 
still better observed by exposing polished sections of the same 
piece to different aci use ay expense Ge nee surfaces 
carefully to heat, thus producing the ; 
metallic surfaces. These colours are remarkably bright 
a ye microscope and very sharply defined in their 
ifferent shades. 
A careful observer of all these results cannot but come to 


Upon the polished surface, particularly of grey iron con- 
paws Wig graphite, the microscope shows cracks, 
scratches, holes, &c., and different though very indistinct 
shades. The cracks are found in all possible directions, 
and differ much in closeness and distribution, as may 
be seen from Figs. 6 and 7, the former 25, the latter 
50 times . In most cases these cracks are 
noticeable with the naked eye, and are caused by small 
Larrea x hite intersectin, iar aer.. pepets wed 
grap icles are more y cut away by the grinding 
and polishing materials, and their presence is therefore indi- 
cated in the metal surface by aslight deflection. As is well 
known, grey pig iron is a mixture of various iron combina- 
tions, probably of different density and hardness, which 
are differently affected by the grinding material, and con- 
ym § show different shades on the polished surface ; 
it is further likely that the various combinations may vary 
slightly in colour. The mottled grey pig iron shows a 
structure which may best be described as ‘‘ knitted,” 
caused as well by different shades in colour as also the dis- 
tribution of the graphite cracks. This is particularly 
noticeable in Swedish gun iron. In the latter we can 
distinctly see, especially under higher power instruments, 
the difference between the white harder and higher polished 
iron, and the darker ground which gives a mottled appear- 
"Considerably different is th f spiegel 
onsiderably different is the appearance of spi iron ; 
the polished surface of this shows almost always the lines, 
in which the graphite particles intersect the metallic sur- 
face, unless the section be — chosen. Most of ‘ 4 | t 
these peculiarities may be seen in the polished surfaces the conclusion that in pig iron the various combinations of 
without any etching being employed, as illustrated iron are only mechan mixed, that during the process 
Figs. 6 and 7, but all these qualities show very m I have found salicylic acid the most suitable in many | of cooling or crystallisation they arrange themselves with 
clearer, and are much more prominent after the surfaces | cases, and have obtained the greatest sharpness in outline | most astonishin vequlecs , and that the microscopical 
th a 


have been treated with chemicals. The most suitable acids ith a dilution of part of salicylic acid, which is ob- | investigation of very tc ming 
for this purpose are hydrochloric and salicylic acid, but tained y dusclving one of acid in nine of | one of the most useful methods of practical analysis. To 
whatever may be used, it is always of great importance to | alcohol, and in 10,000 to 15,000 parts of water. metal | attain this end, comparative studies of the kind pointed 


employ the utmost dilution. The clearness and sharpness | slices are to the action of the acid for between | out in Mr. E. Schott’s pamphlet are of the first importance, 
of the picture mainly de upon the high polish given half ——_ , and , if necessary, be cleaned | studies which compare the different qualities of the iron, 
to the surface and the er tine action oC the acids. eiive teach conateanin aes " ube conditions of melting, casting, and strength, based on 


















ENGINEERING. 


[Aue, 1, 1879. 





I have hitherto made but few co of the first 
kind, but combining the mi with the chemical 
analysis has for some time been object, and I 
believe that ical results may in this way 
As I quote one more instance. . 10 shows one 
of the fir-tree iron 50 times aad the micro- 
scope led me to that crystal not 


could 
consis homogeneous iron combi although I 
could not quite distinguish graphite particles er 
the mi Wh dissol vin the in sul i 
ie icone, When dildo esta in par 





RIVETTING MACHINES. 
To THe Epcror or ENGINEERING. 

Srx,—In Messrs. Greig and Eyth’s paper on ‘‘ Steel and 
Iron Boilers’ read before the Institution of Mechanical 
Engineers, and published in your impression of 20th and 
27th of June, there are given the results of some interesting 
experiments with various rivetters, and as some of the 
comparisons drawn from that appear at first sight rather 
misleading I shall be glad if you will permit me to make a 
few remarks thereon. 

It is stated that, “it was considered most likely that the 
pomeme which is brought to bear on the rivet head whilst 

orming must have a considerable influence on the quality 
of the rivet; but by comparing the figures with the results 
obtained it is evident that the dead pressure, although of 
some influence, is by no means the only nor even the 
principal cause of the difference. The steam rivetter, for 
instance, gave better results with a dead Bee of 
82,000 Ib. than MacColl’s machine with 115,000Ib.””. This 


appears sufficiently startling, examination of the 
bey at once shows that the **dead pressure” 
the steam rivetter is an unknown quantity, being merely 


the multiple of piston area into steam pressure with no 
allowance for what is called in the the “‘ sudden 
blow.’’ One.of the serious difficulties of steam rivetti 
lies in this sudden blow with its accom result 
unknown pressure, and although the authors of the paper 
believe that with a large accumulator there was no ram- 
ming action in their hydraulic rivetter, it is more than 
probable that a good indicator on the cylinder would have 
told another tale, and would have shown that the pressure 
upon the work largely exceeded that due to the static load 
on the accumulator, M. Berrier-Fontaine in his paper 
read last year at the Paris meeting of the Institution of’ 
Mechanical Engineers, showed by means of indicator dia- 
that in the ordinary 


accum , and M. Fontaine proposed 
: hit, dn Siehaten) eetecare ween naar teas 

portionately. actual pressure upon the work is indi- 

cated in MacColl’s rivetter, it is evident that a compari 

between the known and the unknown cannot but be mis- 
ing. 

In the next place, the comparisons are at first sight mis 
leading, inasmuch as in the experiments with the four 
different rivetters, the pressures employed were in all, ex- 
cept the twe lightest, much too heavy for plates } in. thick ; 
and with lap-joints of ordinary i 

by the nse of such 


would have been seriously 

Prraatl the comparisons appear a for the reason 
y, , tor 

that the further ex ts of the authors show that 





the apparent superiority of the “sudden blow’’ lies 
only in the direction of i d friction between the sur- 
faces, that this frictional resistance disappears in actual 
it can be of any practical value, and 

it.is at the expense of reduction in the 
and in the watertightness of the work. 

cential in'e geod rivet Ca tap pa 
mac a series of experi- 

ments with ihe. power vetter would have still further 


There are many. er2eedingly interesting points in con- 
nexion the uable iments of Messrs. Greig 
wer tl bet T leave ; ‘or ae Sena 

Moncheslen duly 1.188 tL Macon. 


JAPANESE COPPER ‘SMELTING AND 
MR, HOLLWAY’S PROCESS. 
To tHe EpitoR oF GINEERING. 
Str,—I think it will be admitted now-a-days, on the 
man pa Lage yoy arog Senehie 
» i 
step of mayo anh ae pei oe css 
up ri ms 
ieee dais tho mare thing in mane modest - 


ye manner, 
In February last Mr. Hollway read a very yaluable and 
peering at oid on for the ion of suly 
pairs rapid on of their 3 and again 


as b i uable j 
for the TIth inet, nent to the Sock ty of Arts, before — 





processes. , Sir, how is it that, so far went 
we have uot seen a single satellite o forth to. onst 
pega yn otha : of Mr. Hi "a successes? I 
am not sure that e - Hollway himself will be 
satisfied "thins ‘left’ $0. hia leurels, for. oven 
Treaties te ¢ et mprermes bore © 
though ove is Hable’ to Piietbahe sab otter ttt 


or that he is the sole origi of the practical application 
of the principles involved in his processes. The former I 
am positive is not the case, and I am inclined to think 

: tter is also not quite true. 

During five years’ residence in Japan, where I held the 
post of eter on metallurgy, it was my pleasant duty to 
make myself uainted with the native processes 
metallurgical ice. In one of my excursions I visited 
some works in Setsu, no far from Osaka, and was 
very much struck with the extremely simple, scientific, and 
yet rude process of smelting the roasted pyrites; the 
ee Ee PEL 

is a of the process as I saw i 

The fara ployed are of the usual Japanese ¢ 

e furnaces employed are 0! e ype, 
namely, a hole made in the ground lined with charcoal 
powder mixed with clay, applied moist. The dimensions 
are abont 18in. by 16in. at the surface, and about 9in. 
deep. This cavity is covered at about 6ft. high, with a 
large overhanging hood to carry away the smoke. There 
are two distinct stages in the operation : 

1. Smelting the roasted ore for regulus. 

2. Reduction of the regulus to the metallic state. 

The former lasts about four hours, the latter about three 
hours; there is no distinct break in the two, both being 
carried out during the one heat, and in the same cavity. 

The first stage is of a very ordi , and is 
nothing po or oe than seone Se ore, 80 as to ye the 
regulus to form and separate. rge quantity o' is 
produced, which is removed at intervals, rape Ke 
allowed to accumulate in the furnace cavity. During this 

the blast is supplied from behind, and enters the 
cavity just vane top ed — a large clay cover is 
fixed across the part of the furnace cavity, extending 
over about two-thirds of its width. . 

As soon as the last portion of the charge has been worked 
off the first s is at an end, and the second s' com- 
mences. For this purpose the fire is thrown back, the back 
bellows on , and one bellows brought to the front, and 
a tuyere attached pointing downwards at about an angle 
of 7 =< a the surface of the molten us, which, 
the slag ving been previously removed, is plainly visible. 
at ongle pes — tiles or covers are placed along 

ron! cavity resting against the u ed 

of the fixed cover—these serve to retain the heat 
which is further F nmy by covering the whole loosely 
with charcoal]. m this time the operation proceeds by 
any blowing ag blast of air well directed upon the 
surface of the ten regulus, which is oxidised and reduced 
accordingly ; the heat produced from the reduction keeps 
the whole in a perfectly liquid fusion. ing this stage 
a small quantity of slag is produced, very little if any 
charcoal is , and at the enda thin skin of regulus is 
removed previous to removing the copper 3 this skin of 
regulus no doubt serves as a protection against excessive 
oxidation. The regulus is simply added to the next day’s 
charge. 

I have thought that it would be interesting to many of 
your readers to know a little of what is done in the far 
east, and in the above account they will at once ive 
the analogy between the second stage of the counties and 
Mr. Hollway’s processes. The <aeeene reduce their sul- 

by blowing on the top, Mr. Hollway obtains the same 
result by the more rapid way of blowing through the mass. 
Again the Japanese work with the rudest appliances, and 
on only a hundredweight at a time, Mr. Hollwa: has 
elaborate appliances and works on tons at a time. m 
the time of witnessing this eperation, I have been satisfied 
that sooner or later our m of copper smelting would 
have to give way to more improved methods of like 
character to those above, and the idea of applying the 
Bessemer converter to the reduction of these sulphides 
often occurred to me, as I at once saw the principles in- 
volved were precisely the same. I may.add that the above 
is not the universal method of copper smelting in Japan, 
they, like us, have also the slow and tedious processes of 

successive roastings and a and why I cannot say. 

am yours &., 
’ . E. F. M. 
St, George’s, Wellington, Salop, July 22, 1872. 





BRADING HARBOUR WORKS, 
diaySetnlhintaniing he gee 
R,—No e land 
owners that land is no more eoftable, it ine honeta sign 
that sound business men si think it worth their while to 
incur no ordinary ex in iring it. This i 
0 Gay sete the case =a Tale of Wight, where the B Ae 
ur Improvement an: ilway Com have j 
carried out a bold scheme for ini cine W08 nave of 
Te ile Sean, abo aay 
e ties ur, di intment, h 
and fears which is ever of olinadgle Uo tab te cen 


of its own is more exciting in the case of the 
Brading Harbour , by the stecial difficulties and 
dangers which attended the execution of the works. 


On my visit, some ten days , the contractor of the 
works, Mr; Frederick Gegueet. C.E., of Bembridge, 
kindly gave me a full account of the great difficulties he 
had had to contend against, and t I will not trespass 
on your space by an attempt to them, I may safely 
say that any of your readers would be amply d bya 
visit to the works, where no doubt the same Kineiness will 
be extended, which it was my good fortune to meet with. 
The. object of the works was to reclaim some 800 acres 
extending from the old quay at Brading im the south-west, 
te Bembridge on the north-east, and St. Helen’s Mill on 


ded | the north-west i 
Bembri mek, Ay Searing nan Dutina chy ee 


. between 
point to the south-west of St. Helen's 


Am operons condition imposed on the contractor was that 





an existing channel for ships from St. Helen’s Mill to the 





that | railway, in continuation of the Isle of Wight 


old quay at Brading should be kept open during the con- 
struction of the major part of the works, af which a 


a way, had 

te connect the two points. 
In addition, at the Bembridge extremity of the wall, the 
scour was such that a great depth of water existed, and at 


of | this point the pressure was consequently a —~ indeed. 


To increase the difficulties of the undertaking were not 
more than six consecutive hours at time allowed the 
contractor to establish any portion of his clay wall, as at 
tide the whole area was in by the sea. 
materials for the wall had all to be barged. It was 
soon found that the amount of clay that could by any 
possibility be sunk across the two channels in the time 
snd Mr. Seymour firepon the happy expedient of uttsing 
: our hit upon the happy ex mt of utilisin 
chalk rubble, which he brought a Portsmouth an 
from the Culvers in the Isle of Wight, as a temporary pro- 
tection to his clay wall, at those difficult points. 

The sea filtered through the chalk rubble, but its force 
was found to be so much diminished that the clay wall 
sunk piecemeal behind it remained undisturbed. Simple as 
this expedient may appear, it has constituted the difference 
between failure and success, for Mr. Seymour has thus 
been enabled to overcome difficulties which, we are told by 
Smiles, proved too great for Sir Hugh Middleton of New 
River brity, who attempted unsuccessfully to reclaim 
the same land in the year 1700. 

Let us hope that the successful attempt of the Bra- 
ding Harbour Improvement and Railway Company may 
inspire some confidence amongst capitalists in reclaimin 
land, for a better investment of money cannot be look 
for, provided that, as in the case of the Brading Harbour 
works, the same skill and care is devoted to the engi- 


neering. 
I remain, Sir, your obedient servant, 
Reform Club, July 22, 1879. Cc, 


INDICATOR DIAGRAMS AND THE 
PLANIMETER., 
To THE EDITOR OF ENGINEERING. 
S1r,—In ascertaining by the use of Amsler’s planimeter, 
mean effective pressure shown by an indicator diagram, 
it is usual to divide the area of the fe by its length 
and multiply the quotient by the le of the indicator 
spring. one has many di ms to inspect with 
varying lengths this method is tedious. I have adopted in 
my own practice the following : Draw the vacuum 
line and a vertical line at each extremity of the diagram. 
Set off, with the scale of the indicator spring, on one of 
the vertical lines, 100 lb., above the vacuum line and 
through this point draw a line parallel to the vacuum line. 
These four lines form a rec le circumscribing the 
i F ind the reading of the planimeter for the 
diagram and divide it by the reading for the circumscribing 
rectangle (no attention need be paid to the scale of the 
planimeter) ; one hundred times the quotient is the mean 
effective pressure. 
Since the rectangle and the diagram have the same 
pom ae 5 areas are proportional to their pressures. The 
ings of the planimeter give their proportional areas on 
any scale whatever; consequently the ratio of the areas 
multiplied by 100 gives the mean effective pressure of the 
i . I have no doubt that every one interested will 
see the advantage of this method. 
Yours res ally, 
MUEL H. WHEELER. 





San Francisco, July 3, 1879. 





THE MISSISSIPPI RIVER IMPROVEMENTS. 
To THE EpriTor oF ENGINEZERING. 

Srr,—Having received a letter dated Port Eads, June 27, 
from Oa: in J. B. Eads, C.E., concerning the condition 
and - ble ultimate effects of his + work at the 
mouth of the Mississippi, and believing that the facts which 
he relates would be read with much interest by your sub- 
scribers, I venture to request the favour of inserting 
in your columns the annexed extracts from his letter, pre- 
mising them with the following observations, which for the 
most part are but a réswmé of certain facts contained in 
the many excellent articles which have already appeared in 
your j on the same subject. 

1. The works were begun in June, 1875, when the depth on 
the bar at the mouth of the South Pass was only 7 ft. and 
on the shoal at the head of the less than 14 ft. 

2. Before deepening the h and mouth of the South 
Pass, which is 12 miles in length, and averages 700 ft. in 
width and 30 ft. in depth, the sole navigable channel was 
by the South-West Pass, where the depth was only main- 
tained at 16 ft. to 18 ft. by constant dredging. é 

3. Captain Eads is paid by results; thus*he received 
— from the Government until he had obtained a 
navigable channel 20 ft. deep from the main river to the sea 
by the South Pass, and he is not entitled to his full pay- 
ment of 54 million dollars till he has completed his contract, 
which binds him to maintain a depth of 30 ft. at the mouth 
and of 26 ft. at the head of the for 20 years ; a yearly 
sum of 100,000 dollars being allowed him for such main- 
tenance after the said depths have been obtained. 

4. The required depths secured, vessels drawing as much 
as 26 ft. will be able to navigate an almost straight channel, 
never less than 300 ft. wide from New Orleans to the Gulf 
of Mexico, an advantage Mbt enjoy without being 
subjected to extra taxes, as t of the works is 
borne enti by the United States Government. 

5. The jetties are upwards of two miles long and about 
1000 ft. apart, and are composed of rafts of willow branches 
called *“ ** weighted down with stones, the outer 
ends of the work for a lengt a ot seem: being capped with 





Mirvac ceameete see indication of ity, 
~ ee Hex ee 
are free from all signs of fracture, and the settlement 
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SURFACE CONDENSER AND BLOWING FAN OF THE TORPEDO LAUNCH “ACHERON.” 


CONSTRUCTED BY THE ATLAS COMPANY, ENGINEERS, SYDNEY, FROM THE DESIGNS OF MR. NORMAN SELFE, 


(For Description, see Page 99.) 












































































































































Tue Lars Mr. Witu1am Cramp.—The death of Mr. | developed his works to their present state of importance. | Engine Works. She will be 2000 tons measurement, and 
William Cramp, of Philadelphia, is announced in the | At the time of his death the firm consisted of William | can carry about 8000 bales of cotton. 
American ls. This tleman, the head of the | Cramp and five sons. During the fifty that the 
celebrated shi firm of Cramp and Sons, of Ken- | has been established 225 vessels of different classes 
sington, = was born in that city in 1807, and was have been constructed there, including war ships, the first- | man navy is over 70; some are vessels of 6000 tons burthen, 

ship of Samuel Grice, the prin- | class steamers of the American line, and five iron cruisers | and the total tonnage is nearly 100,000tons. These vessels 
cipal establishment of kind in Philadelphia, during | built for a Russian privateering association, last year. | have an aggregate of 120,000 horse power, and are armed 
the early yas the century. About 1830 Mr. Cramp | The largest freight ship yet constructed in the United | with upwards of 400 guns. The naval expenditure of 
started in ess on his own account, and gradually | States is now being built at the Cramp Shipbuilding and | Germany for 1878-9 amounts to 2,900,0000. 





Tue German Navry.—The number of ships in the Ger- 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that we have appointed Mr. Lenox 
Smith, 46, Pine-street, New York, the sole agent for Engi- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr, Lenox 
Smith is also prepared to receive advertisements for ENGI- 
NEERING, and will afford full information as to terms, &c., on 
application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10 dols, U.S. currency 
payable in advance, 





NOTICE OF MEETING. 

INSTITUTION OF MECHANICAL ENGINEERS.—Glasgow meeting, 
August 5th to 8th inclusive, On the mornings of Tuesday, 
August 5th, and Wednesday August 6th, the following papers 
will be read, the meetings commenc' at 10 a.m.: Address by 
the President, Mr. John Robinson; “ the Pneumatic Marine 
Governor,” by Mr. W. J. Desig of Port Glasgow; ‘‘ On the ‘ Velo- 
meter’ Governor,” by Mr. F. W. Durham, of London; “On the 
Maintenance of Constant Pressure in Water Service Pipes,” by Mr. 
Stephen Alley, of Glasgow; ‘‘On the Barton Water tor, or 
Reducing Valve,” by Mr. W. H. Thomas, of London; “On the 
Forging of Crankshafts," by Mr. W. L. E. McLean, of Glasgow; 
‘‘On Water-pressure Engines with Variable Stroke,” by Mr. John 
Hastie, of Greenock; “On the Working of Traction engines in 
India,” by Mr. R. E. B. Crompton, of London ; “ On the Construction 
and Working of a Vertical Action Steam r,” by Mr. R. B 
Buckley, of the Public Works Department, ; “On Plate- 
rolling Machinery,’ by Mr. Edward Hutchinson, of Darlington; 
“On Barton and West's Water Meter,” by Mr. W. H. Thomas, of 
London. The afternoon of Tuesday will be devoted to visi 
works in the neighbourhood of Glasgow. On the afternoon o 
Wednesday excursions will be made by special trains to Newton, 
Gartsherrie, Coatbridge, 4c. Thursday, August 7th, excursions to 
works at Dumbarton and Port Glasgow. Friday, August 8th, 
excursions through the Kyles of Bute to Inverary. 
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NEW SUBMARINE CABLES. 

AFTER a period of stagnation extending over five 
years, there is again a revival of submarine cable 
enterprise ; and cable electricians, who have been for 
that time deprived of their legitimate occupation, 
are now experiencing brighter prospects. There 
are no less than four distinct cables in course of 
being manufactured or laid; and others are pro- 
jected. Last year the Eastern Telegraph eyo. 
completed the duplication of their Oriental lines 
from England to Bombay; and the Eastern Extension 
Telegraph Company, which prolongs the Eastern 
Company’s system to Australia vid Madras, Penang on 
the Malay Peninsula, and the East Indian Islands, 
are at present engaged in duplicating their lines 
also, a work which has been somewhat délayed, 
however, by their giving up 1400 miles of ready- 
made cable to form a portion of the cable to the 
Cape. The latter important line of communication 
is, of course, the chief cable operation now in hand, 
and we regret tosee that there was some delay in the 


furtherance of the work, for the ss. Kangaroo, 
belonging to the Telegraph Construction and 
Maintenance Company, who are the contractors, 
although she arrived at Durban on May 21 with the 
Natal to Zanzibar section on board, had not begun 
to lay her cargo up till June 17. For some un- 
accountable reason a valuable month was lost 
by this cable steamer, although the need for the 
cable is, or at least was, so urgent. It is to be 
hoped that the difficulties in the way, whether due 
to bad weather, or faults in the core, or to the 
rumoured refusal of a subsidy by the colony of 
Natal, on the ground that the terminus ought to be 
within the Natal borders, have by this time been 
smoothed away, and that the line is now laid as far 
as Zauzibar. e second section is on its way out 
in the s.s. Seine, and the s.s. Calabria carried the 
remainder. 

The agreement between the Eastern Tare 
Company and the Government requires that the 
entire cable shall be capable of transmitting four- 
teen words a minute, and that the company shall, 
save in case.of force majeure, have the portion of the 
cable between Durban and Zanzibar opened for 
traffic by July 31, and the entire line by the last day 
of this year. The company agrees to keep a re- 

airing ship properly equipped in the Red Sea or 

ndian Ocean for maintaining the line. All Govern- 
ment messages, whether imperial or colonial, are to 
have priority to all other traffic, at one-half the rate 
charged to the general public, The public rate is 
not to exceed 5s. per word between Durban and 
Aden; 4s. per word between Zanzibar and Aden ; 
and between Aden and London, by the Eastern 
Telegraph Comet D lines, the sum of 3s, 9d. per 
word, The total charge for a message from Durban 
to London must not therefore exceed 12s. 9d, per 
word. Her Majesty’s oes may nominate an 
official director on the boards of the companies own- 
ing and working the line, to whom every informa- 
tion must at all times be afforded. On the comple- 
tion of the line between Natal and Zanzibar, the 
Treasury agrees to pay, during a term of 20 years, 
an annual subsidy of 17,5002, and a like sum on 
completion of the line between Zanzibar and Aden, 
provided always that the line is kept in good work- 
ing order. In case of war, rebellion, or other 
emergency, the Imperial Government or the Go. 
vernment of any British colony or possession duly 
authorised by her Majesty’s Government so to do, 
may take possession of the cables, stations, offices, 
and apparatus on the line, and keep ae omy of 
them for as long as they may think fit, For this 
privilege the Government agrees to make a rea- 
sonable compensation to the company, The last 
clause provides that the agreement shall not be 
binding until it has been approved by a vote of the 
House of Commons, It is, we think, a wise fore- 


taking possession of the lines themselves if need be ; 
and the day is perhaps not far distant when not 
only the Cape cable, but also the Indian cables of 


ing | the Eastern Telegraph Company, may become the 


property of Ye oye wi 

e secon + cable enterprise now in progress 
is the Pouyier-Quertier stain for two Atlantic 
cables from Brest to New York. This project 
was ostensibly put forth as designed to gratify the 
amour propre of the French people, who wished to 
have Atlantic cables of their own, But the offer of 
the Anglo-American Company to sell or lease them 
a cable was declined, and the original plan adhered 
to. It is probable that the ultimate aim of the new 
company is to compete with the existing Atlantic 
cables for English as well as Continental traffic, a 
supposition which is borne out by the fact that the 
Scilly Islands off the coast of Cornwall have been 
chosen as an intermediate landing-point for the 
cable. The new cables are being made by Messrs. 
Siemens Brothers at their Charlton works, and the 
8.8. Faraday, which laid the direct United ‘States 
cable, has already submerged the Brest to Scilly 
section of the first line, 

Within the limits of Europe itself a short cable 
made by Mr. Henley for the Russian Government 
was recently laid across the Caspian Sea ; and there 
is now in process of manufacture a new German-Nor- 
wegian cable intended to connect Scandinavia direct 
with Germany. Hitherto the latter power has 
been obliged to send all her telegrams to ge | 
through Denmark and Sweden, a course whic 
was irksome to her owing to the uneasy political 
relations which have for a long time existed 
between her and Denmark. e t 








agreemen 
entered into between the representatives of the 


sight on the part of the Government to arrange for | : 


German Empire and the Governments of Norway 
and Sweden stipulates that Germany shall lay the 
new cable at her own cost, It isto be a three-wired 
line and will be laid from Romoe, an island off the 
west coast of Schleswig, and the Norwegian penin- 
sula, at a point near Arendal, At the latter place 
it will be connected to the whole Scandinavian 
telegraph system. The cable is estimated to cost 
95,000/. and will belong to Germany, who will also 
repair it, All telegrams from Norway to Germany 
are to through the new line, and also three- 
fifths of the Norwegian traffic with other countries 
(excepting Russia, England, and Denmark), unless 
the new route should prove more expensive than the 
old ones, It is obvious that this arrangement will 
materially reduce the inland telegraph revenue of 
Denmark, for hitherto all the German-Norwegian 
traffic has passed through that country. The new 
cable is, we believe, being manufactured by Messrs. 
Siemens and Halske, of Berlin, and it is expected to 
be laid some time in August, 

Besides these actual performances, there are at 
least two projects for new submarine cables afloat ; 
one by the American Cable Company to lay a line 
from New York to Flores, an island of the Azores, 
with one connecting line from Flores to France, 
England, and Holland, and another from Flores to 
Fayal Corb San Miguel, and Lisbon. These 
will comprise 7300 miles of line, if they are ever 
executed, The other scheme is for the long-talked- 
of Pacific Ocean cable from some point on the 
western coast of the United States to the Sandwich 
Islands, and thence to Japan and China, Mr, Cyrus 
W. Field, the cable veteran of Atlantic fame, is the 
chief promoter of this undertaking, and he is now 
in England for the purpose of investigating the 
subject of making and laying the cable in question. 
He holds, it appears, an exclusive concession from 
the Government of the Sandwich Islands for such 
a cable; a fact which was first announced at 
the senna. Sane Jubilee - Pompe of — 
twenty - anniversary 0 e organisation 
the first Atlantic Cable Company. Similar con- 
cessions have yet to be obtained from China 
and Japan, but as the Celestials are now awake 
to the advan of the telegraph, it is expected 
that these will be obtained without difficulty. 
On the return of Mr, Field to America a company 
will be formed to carry out this work, and Mr. 
Field has, we understand, agreed to contribute 
100,000 dols, as a subscription to the capital stock. 
The establishment of this cable would complete the 
telegraphic circuit of the world, and we can only 
hope that Mr. Field will be as successful in carrying 
the electric wire across the Pacific Ocean as he was 
in spanning the Atlantic. 





OUR FOOD SUPPLY: 

SurpRIsE is frequently expressed that while for 
the past two years we have been receiving fresh 
meat, dead or alive, from America in vast quantities 
—something like an av of 1000 tons per week 
—and while at the same time the tly lessened 
earnings of the labouring classes incident to the 
extreme depression in all industries must have largely 
diminished the py ga of meat food by that 
important element of the population, yet the prices 
of meat have kept fully up to those current 
before the American supplies came to us, and when 
good wages enabled the British workman to indulge 
in a beefsteak or chop daily. 
Consideration of two important facts will render 
this seemingly ouenge circumstance plainly com- 
prehensible. First, the natural and actual increase 
of population since American meat has been coming 
to this country, would increase the consumption by 
more than double the whole quantity imported from 
America, if fresh meat had been continuously eaten 
as freely as a few years back. Is there any reason 
to suppose there has been any increase of the home 
production of meat food, rather has there not been 
an actual falling off ? 
Second, up to about the time the Americans 
began sending us fresh beef we had drawn immense 
a ~ —— P tly or more remotely 

rom South- rm , Austria, Hungary, 
Poland, and Gallicia, om the mecdnand head 
strictly enforced interdiction of the importation of 
cattle from those regions, in consequence of the cattle 
diseases, that important supply has been denied us, 
and it was fully equal, if not in excess of the 
American supply coming in since, Thusit is a fact 
that the supply of meat in British marketa 








is considerably than it was a few years back, 
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are the — to feed = rae more in 
number. bitual grumblers and “ co-operation” 
promoters lay all the blame for high prices of meat 
on the butchers as extortionate monopolists, and 
cquiasb tage pocaee changed Uy Gauss people ia be 

nst rofits ry these people as by 
retail dealers Cenieally, but the real reason is to be 
found in a lessened supply with a naturally increas- 
ing demand. Had the industrial interests of the 
country been of late prosperous, so that the lower 
classes could have indulged in fresh meat food as 
they did five years ago, we should now have fresh 
meat at fabulous prices. The British farmers 
murmur and bewail the ruin they nf the American 
exports are bringing them to, but at least in the line 
of fresh meat these exports have not yet begun to 
equal what should be the natural increase of con- 
sumption here, and what would have been a deficit 
in supply, if hard times had not so largely reduced 
the ability to pay for this semi-luxury. Let there 
but come a general revival of trade and industries, 
and the demand for fresh meat will so far exceed the 
producing capacity of the British farmers supple- 
mented by the American importations that, unless a 
new source to draw from shall be opened, prices 
will become truly excessive. 

Where shall this further source be found; In re- 
opening the old field, South-Eastern Europe. To one 
who has not travelled throughout Austria, Hungary, 
Poland, and Gallicia, the numbers of cattle grown 
there would seem incredible. Some single estates 
have more cattle than an entire county in England. 
It is related of young Prince Esterhazy that, hear- 
ing an attaché of the British Embassy, a Scotchman, 
boasting of the great herds of horned cattle in Scot- 
land, he remarked, ‘* Yes I suppose in Scotland there 
are nearly as many cattle as on my father’s estate,” 
and the boast was notaltogetheridle, as the Esterhazys 
as well as other nobles in Austria and H ry; 
count their cattle by the tens of thousands. wthess 
Austro-Hungarian beasts, though perhaps not as 
fine as Norfolks, yet make excellent beef, and with 
a good market opened to them the wers would 
speedily aie in feeding until the first quality of 
beef would be produced. Maize is produced abun- 
dantly, and there is no feed equal to it for sweet- 
flavoured beef, It must be remembered that 
the beef sent to us from America is transported 
from inland = then. a greater distance than is 
Hungary from England, and then it must cross the 
Atlantic. As before remarked the laws for the pre- 
vention of the cattle plague have of late debarred us 
from the great grazing plains of South-Eastern 
Europe as asource of beef supply, but happily now 
the difficulty is perfectly surmounted by the in- 
vention of railway wagons in which dead meat may 
be carried fresh in perfect state almost any distance 
or time. 

The recent elaborate trials of such wagons by the 
Royal Agricultural Society demonstrated the perfect 
practicability of this sort of transport; and in the 
case of Colonel Mann’s system the consumption of 
preserving material was so small that the extra cost 
over ordinary railway freights is of no consequence. 
At these trials a in the wagons was 
eaten 14 days after killing, and was perfect, yet the 
wagons were built for the short journeys of Great 
Britain. It is perfectly feasible to build wagons 
to preserve their contents for a journey of 1500 
miles. There is no objection to the importation of 
dead meat, as disease will not be communicated by 
it, Here, then, is the true solution of the question 
of a food supply. South-Eastern Europe is an 
agricultural region, an immense food 
producing and consuming field, and now opened 
to us, by utilising this late and most im t in- 
vention in rail transport. And not to alone 
shall - be confined; shee nh 
there, heretofore ci wn for the wool, 
but capable of docchopatent tthe Sato mutton when 
a market prompts attention to the subject. 
a also, — country swarms with fine poultry 

sorts, and vension, ro idges, 

wild boars, quails, &c., abound, or prs sama 
a > almost ceding asking. 

t a strong trading company be formed that shall 

undertake the affair on an mire scale, establishing 


plete abattoirs with coldraomsat various 
ts for the collection, slaughter, and ion of 


mutton, poultry, &c., oo entire special | f 


port fresh meats, 
&c., on a scale that exceed even the heavy im- 
ee See will be done to 

price of than can be accomplished 


the 
by all the co-operative shops that can be started. ' ployed 





We are informed on excellent authority that fine 
beef quite equal to the American article can be had 
in Hungary by the carcase at 3d. the pound. It 
should not cost 14d. to lowe ng it here, and at 
these figures there is certainly profit enough ad- 
mitting a great reduction in present prices here. 





SIR WILLIAM FOTHERGILL COOKE. 

Tue extreme youth and eye gp development of 
that great practical invention, the electric telegraph, 
has been frequently commented upon, and indeed 
the general impression on men’s minds that itis but 
a thing of yesterday has been deepened by the fact 
that many of its founders were still living in our 
midst, One by one, however, these eminent men 
are disappearing from the scene, and the origin of 
the telegraph seems to recede with them further into 
the past. The last few years have been py 
fatal to the first promoters of the telegraph; Faraday, 
Morse, Bain, eatstone, and Henry, not to men- 
tion any more, have gone over to the majority, and 
now we have to record the death of Sir William 
Fothergill Cooke, who has many clainis to be re- 
ae as the father of the telegraph in England, as 

muel Morse was in America. Although he had 
long outlived his work, his memory had preserved 
its greenness ; and his name was familiar to millions 
who did not even know that he was still to be seen 
and spoken to. 

William Fothergill Cooke was born at Ealing, in 
the county of Middlesex, in the year 1806. His 
father, W. Cooke, was a doctor of medicine in 
Durham ; and after a school education at that town 
he was sent to Edinburgh University to complete 
his studies, In 1826 he was ys  gagcere to the t 
Indian Army, in which he held a variety of staff 
appointments till the year 1°°., when he returned 
home, and betook himself to Paris and Heidelberg 
to pursue those scientific studies for which his 
natural bias had been declaring itself more and more 
clearly while he served with his regiment. Like 
most of the famous electricians of that day, and 
even of our own day, he was not bred to the study 
of electrical science. Morse was an artist, White- 
head was a druggist, Bain a clockmaker, Faraday 
and Wheatstone were experimental philosophers, 
and Cooke at Paris and Heidelberg devoted himself 
with t ardour to the study of anatomy and 
physiology, and to teaching himself the art of con- 
structing coloured models of anatomical dissections 
for his father to illustrate his lectures with at 
Durham University. 

It was while engaged in this course of surgical 
training at Heidelberg that one day in March, 1836, 
he happened to witness an electrical experiment 
exhibited by Professor Moncke to his class, which 
greatly interested him, and planted the seed of 
inventive thought, which speedily grew into the first 
practical telegraph. The enn ge: a like every other 
invention, including even the phonograph, was not 
entirely the work of any one man, but was led up to 
step by step by a number of different thinkers and 
experimenters. In 1820 Versted discovered the fact 
that a current circulating in a wire has power to 
deflect a magnetic needle freely poised in its neigh- 
bourhood ; and Gauss and Weber subsequently 
applied this fact in devising and erecting a short 
private line of telegraph between the Physical 
Cabinet of the University and the Observatory of 
Gottingen. It was a similar contrivance to this 
which Professor Moncke showed to his students 
on that day when Mr. W. F. Cooke was 
present, It consisted of a battery, a conducting 
circuit of wire extending from one room to 
another, and a pair of rude galvanometers or coils 
of wire encircling suspended magnets, With this 
elementary apparatus Professor Moncke succeeded 
in exchanging visible signals between the two rooms 
by means of the electric current, Probably no 
other student in the room but the young English- 
man saw the immense practical importance of such 
an arrangement, This side of the experiment struck 
Mr. Cooke so forcibly, that from that day he gave 
himself entirely up to scheming and pondering over 
the subject, and within three weeks after, he had 
devised a practical working telegraph on the basis 
of the Moncke, or rather the Gauss and Weber 
apparatus. The plan involved the use of six wires, 
wrens Farce separate circuits, for as yet Steinheil’s 
great discovery that the earth itself would act as a 
return wire was not known; and each circuit 





—— a — needle galvanometer. The 
phabet or comprised 26 and he em- 
three keys to make and the circuit, 





together with a rudimentary switch to alter the 
connexions from “send” to ‘‘ receive,” or contrarily. 
In 1836 he also designed a mechanical telegraph on 
the musical-box principle, in which the currrent 
passing through an electro-magnet attracted an 
armature which released a detent, and thereby per- 
mitted a barrel, studded with projecting pins, to 
revolve until one of the pins came into contact with 
a tangential lever which broke the circuit, leaving 
an indicating dial, actuated by the barrel, with the 
proper signal letter or figure exposed. 

ooke tried to get his new invention introduced 
on the Liverpool and Manchester Railway in the 
latter part of the same year, but the directors viewed 
the novelty with small favour, and condemned it as 
too complicated for their requirements, which was 
to transmit train signals along a tunnel. He there- 
fore set himself to mone ng his apparatus, and suc- 
ceeded in doing so early in 1837, oe by this time a 
pneumatic contrivance had been resorted to by the 
directors. Nothing daunted by this failure to get 
his schemes practically tested, Mr. Cooke continued 
to perfect his apparatus. He engaged in experi- 
ments to ascertain at what distance an electric 
current would excite temporary magnetism in the 
electro-magnet employed to move the detent of his 
mechanical telegraph ; and consulted Faraday, Dr. 
Royet, and Professor Wheatstone on the point. It 
was on the 27th of February, 1837, that he first 
met Wheatstone, who had before that time been 
engaged in researches into the velocity of electric 
waves in solid conductors. Wheatstone exhibited 
to Mr. Cooke an ingenious experimental telegraph 
which he had csastel at King’s College. ‘This tele- 
graph was similar in principle to Cooke’s own needle 
telegraph ; but Wheatstone used an improved 
‘‘ permutating key-board” as he called it, for send- 
ing the currents. This key-board was fitted with 
four make-and-break keys very much resembling 
those now in use. Wheatstone, although thus pos- 
sessing the rudiments of a practical telegraph in his 
hands, was bent at that time on philosophical dis- 
covery rather than on the invention of a public 
telegraph. But Cooke soon implanted the full 
importance of the latter idea into his mind, and this 
happy meeting of the practical man with the theo- 
retical was destined to result in the first successful 
telegraph. 

Cooke recognised that Wheatstone’s knowledge 
and genius would be serviceable to him, and early 
in May, 1837, they entered into a F gyn. to- 
gether with Mr. J. L. Ricardo, M.P., combining 
their ideas in a patent dated June 12 of that year. 
This patent described an improved form of Cooke’s 
original invention, with five vertical galvanometer 
ome and astatic needles instead of horizontal ones, 
and having a diamond-shaped vertical face, on which 
the five needles were pivoted, so that their relative 

itions could be seen at a glance, There were 
ve separate circuits corresponding to the five 
needles, with one return wire common to them all. 
These five circuits were operated by five keys, and 
each signal was indicated by the relative motions of 
any two out of the five needles, This apparatus, 
since known as the “ five-needle instrument,” was 
first tried on the London and Birmingham, and 
Great Western Railways, but was found expensive 
on account of the number of wires used, and subse- 
quently abandoned. Nevertheless the “ five-needle 
instrument,” working in 1838-9, between the Pad- 
dington and West Drayton stations of the Great 
Western Railway, a distance of about 13 miles, was 
the first public telegraph in the United Kingdom, 
if notin the world. The original Paddington instru- 
ment now forms the chief relic of the Postal Tele- 
graph Historical Department, and it is ‘still to be 
seen on the occasion of every telegraphic féte of im- 
portance in London. 

Other patents were taken out by Messrs. Cooke 
and Wheatstone in 1838 and 1839 for further im- 
provements in electric tele hs. In 1840 Cooke 
established the Cooke and eatstone system on 
the Blackwall Railway, and in 1841 on a short line 
through the tunnel between the Queen Station at 
G w and the engine house at Cowlairs Junction 
on the Edinburgh and Glasgow Railway. The 
following year the telegraph line from Paddington 
to West Drayton was continued to Slough near 
Windsor, and a + public interest in it was soon 
after excited by the clever capture of a Quaker named 
Tawell, who had committed a daring murder near 
Slough, and escaped by rail to Paddington, where, 

to the original five-needle instrument,{two 
detectives were waiting for him as the train drew up 





to the platform. In 1843 two more short lines were 
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erected, one in Ireland and one in England, and 
worked by the Cooke and Wheatstone apparatus. 
In 1844 a line of considerable length from London 
to Portsmouth was also opened for traffic on this 
system. ‘These were the first practical successes in 
electric telegraphy in this country, and with them 
the names of Cooke and Wheatstone are indisso- 
lubly associated. The lineal descendants of their 
five-needle instrument, the single and double in- 
struments, are still doing good service, especially 
the former, on many short postal and railway lines 
in Great Britain and India. 

As regards the share which each of these famous 
men had in the work which has rendered their names 
for ever memorable, it is probable that posterity 
will abide by the decision of the eminent arbiters, 
Messrs. Brunel and Daniell, who were chosen to 
pronounce upon this regretable question. The 
award declares that ‘‘ Mr. Cooke is entitled to stand 
alone as the gentleman to whom this country is 
indebted for having practically introduced and 
carried out the electric telegraph as a useful under- 
taking, promising to be a work of national im- 

ortance; and Professor Wheatstone is acknow- 
edged as the scientific man whose profound and 
successful researches have already pomeee the 
public to receive it as a project capable of practical 
appreciation.” In a word, while Cooke first con- 
ceived the project of a practical telegraph, it is to 
their united labours that its success was due. 

Mr. Cooke was rewarded for his great public 
services in establishing the telegraph by receiving 
the fourth Albert gold medal in 1863, his name 
being preceded on the list of recipients by that of 
the immortal Faraday ; and on November 11, 1869, 
Her Majesty conferred upon him the order of knight- 
hood in recognition of his great and special services 
in connexion with the practical introduction of the 
electric telegraph. In 1871 he was granted a civil 
list = of 100/. per annum, 

The last two years of his long and prominent 
career were spent in great privacy until his death 
on June 25, at Farnham, in the 73rd year of his 
age, after he had lived to see the inventions which 
his sagacity forced upon civilisation develop ex- 
traordinary powers and gradually spread itself over 
the whole world. 








LOCOMOTIVE GUIDE BARS. 

ON THE STRENGTH AND BEHAVIOUR OF THE AMERICAN 
Type OF SLIDE Bars mx Locomotive EnaInEs. 
By J. J. BIRcKEL, 

Tue author of the present investigation having 
noticed the fact that nearly all the Belgian locomo- 
tives at last year’s Paris Exhibition were fitted with 
the American type of slide bars, tried in his” recent 
practice to get the engineers of one of the French 
railways to adopt it also, but did not succeed, and 
having learned since then that Mr. William Adams, 
one of the senior locomotive superintendents of the 
United Kingdom, has adopted it on no less than 
three sets of engines, he resolved to work outa 
— investigation of the stability and fitness 
for duty of this style of bars as compared with the 
old style, and the results which he arrived at appear 
to him to be sufficiently interesting to those engaged 
in locomotive engineering, to deserve being made 
known to them. 

The work of the slide bars is twofold : they have: 

1. To guide the piston rod in the vertical plane in 
which it moves by taking up the vertical component 
of the cylinder pressure, and 

2. To guide the piston rod in the horizontal plane 
in which it moves by taking up the shocks ns to 
the sudden lateral displacement of the driving 
wheels and axles with all the of the motion 
work which e of this lateral displacement with 
them ; they have also in the horizontal plane to 
take up a small component of the piston pressure 
due to the deviation of the centre of the crank from 
the centre of the cylinders, owing to the play which 
the axle takes in its bearings; but this component 
is so trifling in amount that it may at once be left 
out of consideration, The effect of the vertical 
component of the piston pressure upon a set of 
slide bars, such as those illustrated in Figs. 1 and 2, 
is to throw a moment of flexure alternately on the 
upper and the lower bar, and the results of practice 
show that the end fastenings are sufficiently strong 
to permit us to treat the bars as being “solidly 
fixed” (or to use the technical term of French, 
‘‘ encastré”) at both ends. Under these circum- 
stances, if we call P that vertical component, which 
for the purposes of this inquiry we may suppose to 





be acting in the middle of the length of the bars, 
that moment of flexure will be M=} P L, and the 


Fi 





absolute amount of flexure for a rectangular bar of 
uniform section throughout would be 

f= PS 

EL 
where E and I have their usual meaning; in a bar 
of parabolic shape lengthwise that deflection would 
be exactly double the above amount. In practice they 
are made to taper slightly down towards the ends, 
and the author having calculated the varying value of 
I in a number of bars actually at work for years has 
found its mean value as compared with its maximum 
value to vary between a and i ; if, therefore, 
we write I. A 
f=1.25y}5 Pat tna ° - (I) 

we shall remain a good way within the limits of 
actual facts ; and d here stand respectively for the 
breadth and the depth of the bar at its cross section 
in the middle, 


i 20 L, and as each of the bars has to do one half 
the work the amount of lateral flexure will be 
fellyds w at =1Lin # as . @ 
the coefficient 1.1 being introduced in order to take 
into account the increase of flexure due to the 
gradual reduction in the thickness of the bars. 
The resultant flexure is 

=—Vft+f?  . ‘ » 8 
As wo shall have to ayers to" this eink hesoalae 
we may at once observe that the relation of vertical 
to transverse flexure is 


Pixs bd w 
fifi nla 11 &. 


With regard to the end fastenings the bolts must be 
able to resist the moment of flexure 3 P L, and as 
there are two bolts at each end the strain which this 
moment throws upon them is 


Q=t (+t). 


e being the distance of the centre of the bolt from 
the end of the bar. If, however, bars are made a 
good fit endways, as is the case in French practice, 
the fatigue on the bolts will be considnadity less. 
The shearing strain } # which the transverse moment 
of flexure throws upon the bolts may be neglected 
on account of the greater amount of cross-section 
of the bolts at the shearing edge of the bar than 
igher up across the thread, 

assing now to the consideration of the American 

slide-bar which, as illustrated in Figs, 3, 4, and 5, 











isa working sample taken from some recent engines 


Fig.5. 
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The effect of the shock due to the lateral dis- 
placement of the driving wheels is to throw a lateral 
moment of flexure upon the pair of bars simul- 
taneously, and the important point in this inquiry is 
to ascertain its amount: if w be the weight of the 
driving wheels and axle with all the parts mov- 
ing sideways with them, and if d v be the increment 
of lateral velocity in the time d¢ the intensity of the 
shock will be 

s= hes dv 
g at 
and as it is impossible to ascertain the value of the 


rario $2, it seems impossible at first sight to define 


the effect of that shock. On examining the matter 
carefully, however, it will be seen that the shock is 
transmitted to the bars by means of the connecting 
rod which, in the way in which it performs this 

of its work, must be held to be an elastic medium 
with but a small amount of play in the jaw of the 
crosshead, and consequently the effect of the shock 
may be taken to be equivalent to that of the 
“sudden” application of the weight w transversely 
to the centre of the crosshead pin, this latter effect 
being equal to the “‘ gradual application” of double 
that weight (see Rankine’s ‘‘ Applied Mechanics,” 
paragraph 267, ‘‘sudden pull”); and it must more- 
over be held that this effect has to be resisted by 
one set of bars only, because, owing to the little 
amount of play which there does exist, the two rods 
may not act with absolute simultaneousness upon 
the two sets of bars. 

The whole value of this investigation rests upon 
the correctness of the above conclusion, and the 
author invites special attention to it; the intensit 
of the shock cannot be less than 2 w, and it wi 
never be much more, because locomotive superin- 
tendents do not allow their engines to go to ruin by 
allowing their working parts to take an unsafe 
amount of play. 

Proceeding, therefore, upon this basis we may 
now write that the bars have to resist a moment of 





transverse flexure of which the amount is Mj= 








of Mr. Adams’ we have here also a vertical moment 
of flexure 3 P L, anda vertical deflection 


L 
= » @] 
Favs? ids " 


~~ 
where 4, and d, are respectively the breadth and the 
depth of the new bar to be substituted to the old 
ones, the length not having altered. 
The lateral deflection due to the moment of trans- 
verse flexure 4 2 L is = 
F,=}w nar taebatben (5) 
but as the force 2 w acts ata distance ? from the 
centre of cross-section of the bar, the bar has to 
resist a moment of torsion w /, and the circum- 
ferential displacement sustained by the fibres of the 
bar measured at unit of distance from its centre of 
cross-section is Bs 
_wlt 
rer, 
where G stands for the modulus of resistance to 
torsion, and I, the moment of inertia against torsion, 





that moment being, according to both General 
Morin and Canon Moseley 
= he 
8 (d.2+b,*)" 
It follows that the displacement of the piston rod 
due to torsion of the bar is 
Fag lag ithe | | @ 
The total lateral displacement of the piston rod 
therefore is F,+F, and the resultant displacement 


F,=V7F*+(Fi+F,)? .. 7 
and if we would have Aa a to be guided a 
effectively by the new bar as by the old ones we must 
make the former to comply with the condition 


=F,. 
By introducing into tits equation the values of /; 
and F, as‘given in equation (1) to (7), we would 
have no diffical in finding the value of 6, and d,, 
as compared with 4 and d, but it would lead us to a 
very complex and unpractical a em and we shall 





presently apply ourselves to at a very simple 
fod ponatieal can. 
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Before proceeding further, however, let it be re- 
marked at once that the new bar should be as broad 
as is compatible with efficient resistance to torsion, 
for the shock 2 w has a tendency to cause the 
crosshead to pivot upon one of the edges of the bar, 
which movement is prevented by the resistance R 
of the opposite edge, the intensity of that resistance 
as compared with2 w being expressed by the re- 
lation 

2w (I$ d)=Ry/d,? +b? 
this point is clearly illustrated by the accompanying 
Figs. 6 and 7; the edge which for the time being 

















acta as pivot has to sustain the resultant pressure 
between R and the vertical component P, and there- 
fore R should be kept as small as possible. If we 
com a bar of square section, and of equal 
torsional resistance with a bar like that illustrated, 
in which 6, = 2.666 d, we find that their diagonals 
are to each other as 1 to 1.327, whereas their re- 
spective areas of cross section would be as 1 is to 
1.18, which implies a trifling saving in weight. 

Applying ourselves now to a simple ex- 
peanien for the values of 4, and d,, it being assumed 
that 4 and d would be known from previous 

ractice, we observe first that the lateral deflection /, 

t very small as compared with /; and so likewise is 
the vertical deflection F as com with the sum of 
deflections F,+F, ; if, therefore, we assume for 
some of the variable quantities in equations (2), (4), 
and (5), such approximate values or ratios of values, 
we larrive at a very simple final result, which 
will probably give us a bar somewhat stronger than 
is absolutely necessary. 

If then we make 4=2.5 dand w =2.5 P, which 
will be an approximate average, we shall get 

fr=0.35 f, and fy=f “140.358=1.11 f. 
In like manner, if we make 4,=2.666 d, we shall 


t 
as F,=0.351F . : ° - & 
On the other hand, after making all reductions we 
find 
of sua E 
Py: Fy ss 5: 97.825. 


Now, as regards the ratio + the most recent 


and most reliable data which we have thereon are 
those given by General Morin in his work “‘ On Re- 
sistance of Materials,” and according to these data it 
varies, for steel, between 3.3 and 3.5, which latter 
value we shall take ; and if for the ratio es we take 
that of the example illustrated as one likely to 


occur in practice, we have = = 50, and shall get 


F,=0.15 F, . ° - 
The total lateral deflection, therefore, will be 
1.15 F,, and as from equations (8) and (9) we get 
= 915 p,=0.427 F,, 


we find finally for the resultant deviation of the 
piston rod 
F,=F, 1.15" + 0.427°=1.297 F,. 
If now we wish to have the piston rod to be guided 
equally truly by the two systems of bars, we must 
make these to comply with the condition 
«A fe 1.227 F,, é 
which bymaking again 4, =2.666 d, and transforming 
I, accordingly, gives us 
Ls wtL 
0. ation i aoe 
mend Go, 
If now we make 4=0.666 4,, and take for the ratio 
-f the value 3.5 as before we get finally 


"or 

d,=3.81 al wis 

and any bar executed in accordance with this rule 

will be as effective a guide to the piston rod as the 

old bars, provided it be remembered that we must 
make 


(10) 


b,==2.666 dy. 








ENGINEERING. 
With to the end fastenings they must be 
able to resist the bending moment $ PL, and the 


moment of torsion 1 / as well; if we call e the dis- 
tance of the centre of the bolts from the end of the 
bar, and ¢, the distance of either of the bolts from 
me a edge of the bar, the total strain 
will be: 


7 a a l+3d, 
Q+0-5 (5, tH) +o" 


We dispose of the shearing strain as in the pre- 
vious case. Comparing now the dimensions of the 
bar illustrated, with those which would be obtained 
by equation (10) we find that the engine to which it 
belongs is provided with cylinders 18 in. in diameter 
by 24in, stroke, with a length of connecting rod 
of 69 in.; taking a pressure of 6} atmospheres in 
the cylinders when the piston is at half stroke we 
get a vertical component pressure of 4380 1b., whilst 
the weight of the driving wheels and all the parts 


| moving along with them sideways is 9000 Ib. nearly. 


Now the slide bars of a similar engine with cylinders 
18} in. diameter by 25 in. stroke, which is being 
executed under the eyes of the writer have a cross- 
section of 4f in. by 2} in., whilst they are about 
2 in, longer than the new type of bars illustrated ; 
taking therefore the section of these bars as a fair 
example to work to for Mr. Adams’ engine, where 
we find L=52} in., and /=74 in., we get: 


| peerge - Y 
d=3.81 x 23 in.\/ 9000 x 7.5* = 3 in, 
4380 x 52.52 
and 
b\=3 in. x 2.666=8 in. 


the bar illustrated having a section of 3 in. by 8 in., 
which is a remarkable coincidence. It should be 
observed that the breadth of the bar which we have 
taken as a _— has only 0.61 the breadth of the 
new bar ins of 0.666, as has been assumed, con- 
sequently the dimensions obtained are really stronger 
than absolutely ne . With regard to the end 
fastenings it will be advisable always to give the 
bolts as wide a base as ible. 

When the writer proposed the adoption of the 
new style of bar last winter, he was told that a 
number of engines fitted with this type of bars, in 
Switzerland, have had to be remodelled, to which he 
replied that the bars must have been too weak. He 
therefore hopes that the final result of his research 
will be of positive usefulness in future practice. 





PORTABLE RAILWAYS. 

THOsE of our readers who visited the recent show 
of the Royal Agricultural Society, at Kilburn, will 
remember the miniature railway shown there by 
Messrs. John Fowler and Co., of Leeds. This was 
a portable line of 20 in. gauge consisting of steel 
rails weighing 18 Ib. per yard to corrugated 
iron sleepers on Mr, Greig’s patented system, each 
pair of rails with their sleepers forming a length or 
‘* section” which could be conveniently handled by a 
couple of men. The lengths are arranged so that 
they are very readily connected, while the connexion 
between the rails and sleepers is such that the rails 
cao be readily detached, and the oon and rails 
packed in a small s fortransport. In addition to 
straight lengths, the permanent way includes curved 
sections of different radii, points, crossings, and all 
the necessary details of a line, these being all con- 
structed so as to be readily portable. For use on 
the line a variety of little wagons are provided, 
suitable for different classes of service, and also light 
tank locomotives for use where these can be em- 
ployed for haulage more advantageously than animal 
power. 

Messrs. Fowler and Co, some time ago took up 
the construction of these portable railways on the 
system patented by M. Decauville, of Petit-Bourg, 

rance, and the line shown by them at Kilburn was 
a development of M. Decauville’s plans. During 
the past week a portion of this Kilburn line has by 
permission of the Duke of Sutherland been relaid in 
the garden of Stafford House, where it has been 
inspected by many of our chief military authorities, 
and where its adaptability to military purposes 
been shown, a 40-pounder field gun weighing 3} tons, 
being, amongst other things, mounted upon a pair of 
the trucks and hauled round sharp curves by a little 
locomotive. The suitability of the line for trans- 
porting goods by animal haulage has also been 
shown, as well as the ease and rapidity with which 
a line of this kind can be taken up and relaid. We 
have only space this week to record briefly this trial 








of Messrs. Fowler's portable railway, but we 

to return to the subject and deal with it fully. 
Meanwhile, we may say that portable railways of 
this kind will undou ly do good service in open- 
ing up a country with imperfect roads, and had our 
troops in Afghanistan or South Africa been provided 
with lines of this kind we believe that immense 
sums might have been saved in the costs of trans- 


port, 





THE EAST RIVER BRIDGE. 

Tue Edgemoor Iron Company, Pennsylvania (President 
Mr. William Sellers), has obtained the contract for sup- 
plying the steel and iron for the superstructure of the 
great bridge over the East River between Brooklyn and 
New York. The amounts are 10,728,000 Ib. of steel and 
34,000 Ib. of iron. The manufactures who competed, 
and the bids made, were as follows : 

















Price Per 
Pound. 
Manufacturers. Total. 
steel. | Iron. 

cents. jcents. | dols. 

Edgemoor Iron Company ... .| 4.35 | 4.35 | 468,147 

Keystone Bridge Company eve| 4.304) 5 473,258 
Delaware Bridge Company, for 

x. ta 483,218 
ware ge Company, for Hay 

com steel ... as ons 553,166 
New 5 1 omen Steel and Iron Com- 

pany cco nee 5 wee aes] Se 118.3 | 622,009 
pe Ray ign = fo Nye 
pany, for p ins oO 

riled ive eco one 599,480 
Cofrode and Sayler (Siemens 

Martin and steel) ... oa «> | 643,567 

C. P. a ah ooo --| 7.75 | 405 | 832,950 
Leighton Bridge Company, crucible 

steel sd ee ee wr 854,321 
Leighton Bridge Company, open- 

hearth steel po $F wed 645,125 
Leighton Bridge Company, Besse- 

mer 8: moe ace ial oo eee | 617,232 

Chrome Steel Company .| 8.25 | 4 886,420 








The steel will be made and rolled at the Midvale 
Steel Works, of which Mr. William Sellers is also the 
president, and manufactured at the Edgemoor Works ; 
500 tons will have to be delivered before the Ist of 
January, and the remainder in gradual deliveries to the 
Ist of July, 1881. ; 





THE LATE MR. ROBERT STEELE, 
SHIPBUILDER. 

In the death of Mr. Robert Steele, Sen., Greenock, 
which occurred recently, there has passed away a 
man of very considerable mark in the great shipbuilding 
industry which has made the Clyde famous all over 
the world—a man who, from his great age, had been 
at the dawn of steam navigation, and with which, indeed, 
he was prominently identified up almost till his decease. 
Mr. Steele was born in November, 1791, so that at the 
time of his death he was far advanced in the eighty- 
eighth year of his age. He had attained a patriarchal 
age, and was probably the oldest person connected with 
that branch of industry in which he was so long a lead- 
ing spirit. His father, also named Robert, belonged to 
Saltcoats, where he was employed as a shipbuilder; but 
he settled in Greenock near the end of last century, and 
became a partner in the firm of Steele and Carswell, ship- 
buildersand ship carpenters. That firm continued in 
existence till the year 1816, and the senior partner then 
took his two sons (one of them the subject of the present 
notice) into business with him, the firm becoming Kobert 
Steele and Co., now as widely known as the term “ Clyde- 
built” ships. The elder Robert Steele died in the year 
1830, at the age of eighty-four years, when the gentle- 
man lately deceased was about forty years of age. 
Nine years afterwards he took into partnership with him 
his two sons Robert and William, who are the present 
partners of the old-established firm. 

For many years before the birth of steam navigation 
as a practical art, the original firm were engaged in turn- 
ing out magnificent sailing vessels in considerable num- 
bers ; and when Henry Bell’s ideas came to be generally 
recognised, the firm of Robert Steele and Company soon 
obtained a high reputation for building high-class vessels, 
and supplying the most improved machinery. In con- 


nexion with marine engineering, Mr. Steele early became 


has | impressed with the fact that the art of applying steam in 


the propulsion of ships must ever be governed by modern 
science, and be liable to have its old theories and prac- 
tices unceremoniously exploded by the work of the in- 
ventor. By recognising this idea, the firm in which he 
was solong the mainspring were always in the front 
rank with their machinery, and the latest example of 
this was seen in connexion with the yacht Wanderer, 
which has already been the subject of discussion in our 
pages. For at least half a century the deceased occupied 
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a leading place in his profession, being recognised as not 
merely a skilful and honest builder, but also as a man of 
science and of taste. His work was characterised as 
“ faithful,” an appellation often applied to it; and the 
phrase “too faithful,” was not seldom employed to 
describe the regardlessness of his own interests which he 
sometimes displayed in the execution of labours that he 
was determined should reflect credit on his name, and 
that of his establishment in the future. So far as beauty 
of design, and faithful workmanship were con- 
cerned, Mr. Steele had few equals and fewer rivals in 
his profession. As models of strength and substantiality, 
while they were likewise specially distinguished for 
beauty of form and tastefulness of finish, “ Steele’s 
ships” are famous on every sea. It was the firm of 
Robert Steele and Company that supplied the larger 
number of the ships used in the Newfoundland trade— 
a branch of the shipping trade that has long been 
closely identified with the commercial interests of the 
port of Greenock. The same firm also built many of the 
original line of steamers owned by Messrs. G. and J. 
Burns and employed by them in their Glasgow and Liver- 
pool service. When the late Mr. Robert Napier under- 
took to provido the original fleet of four wooden steamers 
to form the Cunard Line forty years ago, the lately de- 
ceased gentleman was selected to build one of them, 
namely, the Columbia, while the Britannia, Acadia, and 
Caledonia were built, respectively, by Robert Duncan, 
John Wood, and Charles Wood. Other vessels for that 
famous line of Atlantic steamers were also constructed 
by Mr. Steele. More recently most of the splendid Alian 
liners, both in the sailing and steam fleets, were built by 
his firm ; indeed, it may said that Newfoundlanders, 
West Indiamen, East Indiamen, Canadian liners, 
Mauritius traders, China tea clippers, and ships and 
vessels employed in ev d ent of commerce 
testify to the genius of Mr. Robert Steele, who, in a great 
wed of the labour, acted in concert with his gifted sons, 
n the constructicn of sailing ships, Messrs. Steele and 
Company were pre-eminently successful. Many of our 
readers willdoubtless have vivid recollections of the fre- 
ony with which Steele’s China clippers distinguished 
emselves in the tea race home in the years immediately 
preceding the opening of the Suez Canal. The firm also 
acquired a great reputation for the yachts which they 
turned out in recent years, such as the Oimara, the Selene, 
the Condor, &. It may be interesting that the first 
vessel built by the original firm was the brig Clyde, 145 
tons, which was launched at Greenock in the year 1797. 
The first steam vessel built by Messrs. Steele and Co. was 
the paddle yacht Eclipse, 136 tons, which was launched 
June 20, 1821. The first screw steamer which they 
turned out was the celebrated Falcon, built for Mr. (after- 
wards Sir) Samuel Cunard; after which, in 1852, the 
Larriston screw was built for Messrs. Jardine, Mathieson, 
and Co. The largest vessel ever built by the firm was 
the Sardinian, the well-known Allan liner. 
Besides pursuing the “even tenour of his way” in his 
gsc capacity, in a most unostentatious manner, 
. Steele devoted a large portion of his time for a 
period of ten or twelve years as a town councillor and 
magistrate of the town whose welfare he had so dearly at 
heart ; he was one of the originators of the Victoria 
Harbour ; an original promoter, a large shareholder, and 


a director of the Shaws Water eng ee he a. similar 

aisley, and Greenock 
: Section of the 
Spinning 


itions in reference to Glasgow, 
lway—now the G wand Greenock 


Caledonian Railway— Greenock Cotton 














Company, &c. A few years ago he was chosen by his 
townsmen for the honour of laying the foundation stone 
of the Garvel Park Graving Dock; and about two years 
ago, just when he was 86 years of age, the great respect 
and esteem felt for him by the community found ex- 
pression in the presentation to him of his own portrait, 
painted in oil by Mr. Norman Macbeth, A.R.S,A. 





DURAND AND CHAPITEL’S PULVERISER. 

An interesting and new apparatus for stone breaking 
and pulverising ores of every description, was exhibited 
at the recent Paris Exhibition Class 55 of the 
French Section, by Messrs. Durand and Chapitel, of 
Paris. Unfortunately for the inventors of this machine, 
the space alloted to them for their exhibit was in such a 
remote part of the annexe, that comparatively few engi- 
neers ‘had their attention called to the ingenious crusher, 
drawings of which we publish above. It is hard, at pre- 
sent, to say the value that practical tests and long ex- 
periments will give to this new pulveriser, but the 
rapidity and ease with which it ground to small frag- 
ments large lumps of the hardest flint and quartz rock 
were remarkable. The principal advantage claimed 





loosely, and when the shaft revolves with sufficient 
speed, are naturally raised by centrifugal force to a 
normal position. The hammers strike anything that is 
dro into the strong iron casing that protects tho 
before it reaches the lower grating A—4é la volée, as 
it is termed in French. The blow is violent and rapid and 
breaks without crushing. The fragments fall on tho 
perforated plate A A, and if small enough pass through 
and are bg rating base bog te remains s 
swept up by the revo mers, broken again an 
projosted violently against the inclined screen B B, 
through which, if 1 enough, the fragments 8 and 
join the broken material in the deposit below. thus 
the operation continues, consisting simply of a series of 
sharp blows inflicted by the revolving hammers. Nor 
does the wear and tear appear to be as great as the 
violence of the work would lead one to imagine. The 
inner plates of the casing that had been at work d 
the six months of the Exhibition were but little affected, 
and the hammers can be changed with the greatest 
facility. The size of the sand or stone to be obtained is, 
of course, regulated by the grates, which can also be 





changed, when a different class of work has to be com- 
menced, 


DURAND AND CHAPITEL’S PULVERISER. 

















WorRK DONE PER Hour. 
S1zz or APPARATUS. (Density of 2000 kilos. 
per cube metre.) 
Largest Size of Blocks Pi 
Szrizs oF MACHINES to be thrown into : : 
CONSTEUCTED. the Machine for a ‘i g i ; 18 
single Operation. * i i= 
m| 
. ” . s 8 . . 
t\2|4 Hail; : il 
: ‘S o ° Y 
z Hi = 3s & |ol/en/e 
metres. | metres. | metres. millimetres. tons. | tons, | tons. |tns. /HP.|tns. 
A (hammers of 64 kilos). 4.00 2.20 3.00 bet 20 io one «. | 20/18 
B (hammers of 24 kilos.) 3.00 | 1.75 | 2.10 { Caneaonee: [ewe bd ee 
0.50 x 0.20 x 0.20 7 he 8 5 
C (hammers of 8 kilos.) ...| 2.50 1.60 1.80 { 0.40 x 0.15 x 0.10 ae 10 
0.20 x 0,10 x 0.08 ose bof 5 
CO » ° 2.50 1.00 1.80 0.30 x 0.20 x 0.20 4 5 3 5] 3 
D (hammers of 5 kilos.) 1.50 | 0.90 | 1.00 { He ab tr 7 lad a Be aad Ts oa 
E (hammers of 1} kilos.) ...| 1.10 | 0.60 | 0.60 | { er tate ryoh y ~ a2 aaa Oe, Sa , 2) 1 
0.20 x 0.10 x 0.06 o 2 rt ob 3 1 
EE » ” 0.90 | 060 | 0.60 { 0.05%0.08%0.08 | | is | 7 



































by the inventors, is the small proportion of dust and 
useless powder produced by the apparatus. Having put 
aside the numerous methods in general use, of crushing 
between cylinders, of stamping, &c., they attempted to 
reproduce mechanically the sharp and single blow that 
a hand gtone-breaker, with a long-handled hammer, 
inflicts on the piece of ore or stone he wishes to divide, 
but not to pulverise, ; 

A glance at the two sections we publish will suffice to 
make the mode of working of this very simple apparatus 
understood. A few loose hammers are attached at one 
end to a shaft, that revolves with ge rapidity in 
the direction shown by the drawing. ey are fastened 


Judging from the figures given by the inventors, the 
amount of work accomplished with a given power is most 
satisfactory. A small machine absorbing from two to 
three horse power can pulverise or crush from 8 tons to 
25 tons of material in ten hours. The amount of work of 
course varies with the hardnessand density of the mineral 
or rock as well as with the mage ens a — - 
0 tion. A larger size can, with six horse power, brea 
from 80 tons to 160 tons @ day, and the largest typs from 
150 tons to 300 tons with a 12-horse power engine. 
Messrs. Durand and Chapitel have also constructed an 
extra-sized machine, capable, with the assistance of a 20- 





horse power engine, of breaking 550 tons a day. A 
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ENGINES OF THE TORPEDO LAUNCH “ACHERQ 
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SYDNEY; FROM THE DESIGNS OF MR. NORMAN SELFE, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Water Improvements at Dronfield.—Major Hector 
Tulloch, R.E., an inspector of the Local vernment 
Board, held an inquiry at Dronfield yesterday relative to 
a scheme for the supply of that district with water. Mr. 
Frith, engineer, explained that the estimated cost of the 
works was 73161. There were to be two reservoirs, one of 
ten acres, and another of two, their joint ye | being 
when full 15,000,000 gallons. Their capacity could, how- 
ever, be very materially increased at a moderate outlay. 
The elevation of the reservoirs above the town of Dronfield 
was such that it would be nece: to break the head of 
water at Hilltop. The water would flow to the highest 
parts of the Local Board district, the pressure being suffi- 
cient to throw the water over the tops of the houses occupy- 
ing the most elevated sites. Besides this the water was 
sufficiently abundant to supply the whole of the places in- 
cluded in the scheme. Mr. A. F. Allen, analytical chemist, 
of Sheffield, and Mr. Garle, of Derby, certified to the water 
being of excellent quality. The inspector appeared to hold 
a good opinion of the project. 

A New Process of Constructing Boilers.—Yesterda 
afternoon a large number of engineers visited the Par 
View Steel Works, Owlerton, near Sheffield, for the purpose 
of viewing Mr. George Whitehead’s new process for pro- 
ducing weldless and seamless steel and iron boilers. Amongst 
those present were Mr. Buckworth (Messrs. oer: 
Manchester); Mr. Lange (Messrs. Beyer and Peacock, 
Manchester); Mr. Halson (Messrs. Sharp and Stewart, 
Manchester) ; Messrs. Holt and Jackson (Midland Rail- 
way Company); Mr. haw (Messrs. Spencer and Sons, 
of Newcastle) ; Mr. Hill (Messrs. 8. Fox and Co., Deepcar) ; 
&c. Mr. Whitehead will be known as having been en- 
gaged in carrying on a variety of experiments for Dr. 
Siemens at the Landore Steel Works, Krupp’s manufactory 
at Essen, and at the Terre Noire Works, ce. The in- 
ventor claims that within six hours he can construct the 


shell of a boiler of a more durable nature than those now | Pp? 


used. The process demonstrated yesterday is as follows : 
A ring of steel is cast and heated. Then it is p 
upon a large roller, and by the aid of smaller rollers it is 
enlarged to the requisite dimensions. The ring is run 
from one end of the roller to the other, and is returned 
by a reversing of the machinery. The other portions 
necessary for the completion of the boiler are subse- 
quently put on with bolts. Mr. Whitehead states the 
boilers constructed on this process will stand twice that 
pressure of those well made of rivetted plates. The opinion 
appeared to be that the invention was an important one, 
but it is a question of cost with regard to the machinery 
employed. 

Death of a Local Engineer.—The death has been 
announced of Mr. George Minto, one of the leading district 
mining engineers who distinguished th ves in connexion 
with the sad explosion at the Oaks Colliery in 1866. 
Deceased, a native of Newcastle, accepted the management 
of the Oaks Collieries in 1854. Afterwards Mr. Minto 
went to the Mount Osborne Collieries. During the Oaks 
explosions he took an active part in the leyricrw and 
velushenstel operations. On the second day he nearly lost 
his life. He was looking down the cupola when a terrific 
explosion occ . He was struck on the forehead and 
knocked back. It was the same blast that killed Mr. P. 
Jeffcock, engineer, and many others. Mr. Minto superin- 
tended the reopening of the Oaks Collieries, and afterwards 
managed others in the district. He died at Barnsley. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.— Yesterday there was a 
fair attendance on ’Change at Middlesbrough, and the tone 
of the market was firmer. Messrs. Connal and Co., the 
warrant storekeepers of Glasgow and Middlesbrough, have 
in stock about 80,700 tons of Cleveland iron. Within the 
past few days a fair amount of iron has changed hands 
and the “bears” have been trying to cover themselves. 
Prices are a little stiffer, the quotations being based on No. 3 
selling at 33s. perton. Shrewd people, however, do not 
consider this a permanent advance, as they fail to see where 
there is any general improvement in trade yet. Interested 
me + meer oad ry write jo Done a but “ these 

ays of telegraph and correspondence people le 
the truth uickly and misrepresentations do very little 
mischief. two or three firms are pre g to blow out 
blast furnaces, and do not intend to blow in again until 
there is a genuine improvement in trade. 


The Finished Iron Trade.—There is nothing new in 
connexion with this branch of industry. A deal of 
nonsense has appeared in some of the leading London daily 
newspapers about the proposed reduction in the o 
the egher- id workmen in the finished iron trade. has 
been stated that the arbitrator, Mr. David Dale, had 
everything before him in writing, and would soon give his 
award. Now the fact is that the Board of Arbitration have 
not yet fixed the day upon which evidence on the wages 
question will be held. It is assamed by the employers that 
— to the depression the wages will certainly be re- 

uced. 


_ 


The Affairs of Hopkins, Gilkes, and Co.—The large 
claim made by the South Australian Railway Compan; 
inst Messrs. Hopkins, Gilkes, and Co., Limited, 
iddlesbrough, is to be thoroughly investigated. 
commission of inquiry is to be sent out to South Australia. 
Engineering and Shipbuilding.—On the northern rivers 
there is not that activity in these industries that could be 
wished. Masters fear that the total amount. of work 


+ | Mr. T. Hankey, 


A Torrens, and other members of Parli 


Competition is very keen, and cannot be 
secured. The expected demand Ne dl © obi npee Flay 
been experienced in the North of England. 


N ots FROM THE SOUTH-WEST. 
Cardiff.— trade of the port during the past week has 
shown a little more activity, although the cmpente are far 
below the usual average. ers for both house and steam 
pal adn af Acca ee ee Lad wen wg taode 
usual quantity being ship’ weekly. ices st 
for steam at fod tobe te and emzoonl oor . to 9s 
per ton delivered freeon board. The iron trade also shows 
a slight improvement, some good orders being on hand for 
rails, bars, and spiegel for America and Canada. Patent 
fuel orders are fair, and give every sign of improvement as 
the season advances. The weekly returns show an increase 
in the total quantity of coal shipped foreignwise of nearly 
4000 tons, and of iron 1683 tons, and a decrease in patent 
fuel of 472 tons on the previous week. 


Swansea.—The demand for tin-plates has somewhat 

fallen off, and sia show a slightly Sonus tendency. 

Spelter has rather improved in value; English (Swansea) 

- — at 167. 10s. per ton. In tin there is little change 
note. 


The Forest of Dean.—There is still an absence of im- 
provement in the house coal trade, and the collieries are 
more than usually quiet. The pig iron branch continues 
ually ,stagnant. ees for tin-plates have further 
en off. An active demand continues for Forest wire, 
the Cinderford Mills being in fulloperation. This is about 
the only branch of local industry in which any degree of 
anima tion p ‘ 
Newport.—Numerous arrivals and quick despatch were 
the order of the day at Newport last week. Some steamers 
of large —— came in, and many are loading iron and 
tin for the United States. Numerous sailing vessels 
of various tonnages and flags arrived last week. The im- 
rts of iron ore reached 11,180 tons, as against 4042 tons 


in the previous week. 


A New Welsh Railway.—A new railway from ee 
coed to Festiniog, connecting the London and Nort 
Western system with the great slate-producing district of 
Merionethshire, was opened a day or two since. 


Colliery Property in Wales.—Yesterday week at Cardiff 
Messrs. Tribe, Clark, and Co., offered for sale by auction 
the Typicca Colliery, near Pontypridd ; the Typicca i 
Company (Limi is now in liquidation, and the sale was 
instituted under an order from Chancery. The colliery is 
situated immediately on the line of the Taff Vale. Railway, 
in the parish of Llanwoona, and is described as being ‘‘ in 
full going and working order, and in excellent condition.”’ 
It is held under an indenture of lease for a term of six 
years, dated the 17th of February, 1874, which includes 
seams of coal lying above the seam known as No. 3 Rhondda 
seam, within and under theTy Mawr Farm. The auction, 
at which there was a meagre attendance, proved a failure, 
not a single bid being made. 


Blaenavon.—The committee of creditors of the Blaena- 
von Iron Works, have decided to keep only two furnaces 
going. 

Severn Bridge Railway.—The engineers (Messrs. G. W- 
Keeling and G. Wells Owen) report : “We are pleased to 
inform you that the Hamilton’s Windsor Iron Company 
have nearly — the works comprised in their con- 
tract. The works were much delay: — the winter 
by inclement weather, and also by the olding being 
carried omy by the high tides in April: but by aid of the 
electric light, the contractors were enabled to carry on the 
work by night. This very much accelerated the erection 
of the olding and ironwork of the last 312 ft. span, 
which is now age | complete. The 132 ft. span on 
the north shore has also been erected, and the 
swing bridge, engines, and machinery completed. The 


next month. The L and Purton passenger sta- 
tions are in a forwai . The a with the 
Great Western and Severn and Wye ways are sper 
for inspection, and the si: ing of the whole of the rail- 
way on the Lydney side is nearly finished. The joint 
station at Sharpness is approaching completion, and a con- 
siderable portion of the permanent way for main line and 
sidings has been laid down. The earthworks are nearly 
comp! The form of coaltip adopted is similar to that 
in use at Penarth and Porthcawl Docks, with tings 
arranged to work by gravitation. One coaltip will 
ready f= — iy be oe The bay < the nod 
wa pro ready for inspection ptember, 
and they may be opened for traffic in October.” 


Tue Lonpon Water Surriy.—We have wane 
noticed that a Sepeigitons headed by Cardinal i 
.P., waited a short time ago on the Home 
Secretary in regard to the present state of the metropolitan 
water supply, recommending the Government to take the 
subject in hand. At the instance of the committee, a con- 
ference of metropolitan members of the House of Commons, 
called by Sir C. Dilke, M.P., has been held, and the co- 
operation of the metropolitan members has been secured in 
aid of {the movement. It has also been determined to 
form a council of one hundred members, including repre- 
sentatives of the working classes, and a city committee. 
The executive committee have te agg a public 
meeting in Exeter Hall on Wedn ys hp , and it 
is stated that Cardinal , Sr J : 


the meeting. The objects to be placed before the meeting 
a the ads fe on Parlia- 
men’ rovide a constant su pure and cheap water 
under the control of a duly constituted metropolitan 








turned out this year will not be equal to that of 1878, 


authority. 


%. 
whole structure of the Severn bridge will be finished | PT°S' 


AN AUSTRALIAN TORPEDO BOAT. 
In our number of the week before last wé published 
a two-page engraving of the torpedo launch Acheron, 
this pS. being one to which a resi interest attaches 
from the fact that it was the of its class ever 
constructed in Australia. This week we give another 
two-page engraving, with other views on 92, 
showing the machinery with which the Acheron is 


. | fitted. The Acheron, with its sister vessel the Avernus, 


were constructed by the Atlas Company, of Sydney, from 
the designs and under the supervision of Mr. Teen 
Selfe, to whom, as also to the builders of the vessels, 
great credit is due for the results obtained. In critisin 
the Acheron and her performance it must be remembe 
that Mr. Selfe, when designing her, occupied a position 
differing widely from that which has been attained by 
the builders of fast torpedo boats in this country. Here 
the high speeds which are now habitually secured are the 
results of a vast amount of accumulated experience 
which in Mr, Selfe’s case was wanting. Much has been 
published respecting the results attained by our fast 
torpedo launches, but the information made public con- 
cerning the build and proportions of these vessels and 
their machinery has been—and very naturally so—of a 
very meagre kind. Under these circumstances Mr. 
Norman Selfe had to commence to a t extent de 
novo, and hence it is, as we have said, that the results 
which he has obtained are peculiarly creditable. 

The Acheron is 80 ft, long over all, and 78 ft, long on 
keel; her beam moulded is 10/ft. 3in., and depth 4ft. 3in., 
while the sheer fore and aftis 1 ft. 3in.. The hull is 
divided into ten watertight compartments, Thus referring 
to our two-page engraving published with our number of 
July 18th, it will be seen that commencing at the bow 
there is first the space in front of the collision bulkhead, 
next a compartment between that bulkhead and the fore 
cabin, and then successively the fore cabin, the steerin; 
and torpedo compartments, the boiler room and stokeho'd, 
the engine-room, the after cabin, and two compartments 
astern. We may mention here that the Acheron and 
her sister vessel are intended to be used as despatch 
boats as well as for torpedo service, and thus Mr. Selfe 
has had to provide more cabin accommodation than would 
otherwise have been required. The hull has iron framés, 
but is plated with steel, the frames being made and set 
up while the plates were ordered by tele from Eng- 
land. The general form of the hull and the positions of 
the machinery are shown by our engraving of the week 
before last, from which it will also be seen that the vessel 
is fitted with a balanced rudder. 

The general design of the engines and the mode of 
fixing them in the hull are shown by Figs. 1 and 2 of the 
two-page engraving, published with our number of 
July 18th, and Figs. rtf to 23 of the two-page engraving 
which we give this week. From these views it will be 
seen that the engines are of the compound intermediate 
receiver type, the high and low-pressure cylinders being 
respectively 11 in. and 19 in, in diameter, with a stroke 
in each case of 14 in, The cylinders are not steam- 
jacketted. The valve chests are outside the cylinders 
the latter being connected by brackets cast on them, 
while the intermediate receiver is formed by an external 
connecting pipe which leads from the exhaust branch 
of the high-pressure cylinder to the inlet branch of the 
low-pressure valve chest. The high-pr cylinder 
has single ports, and is fitted with an ordinary slide valve, 
while the low-pressure cylinder is double- , a8 shown 
in longitudinal section, Fig. 12, and the view of low- 
sure valve face, Fig, 11. Of the remaining views of 
the cylinders given on our two- engraving this week, 
Fig. 13 isa section through the Oe ces valve chest, 
Fig. 15 a side view showing the high-pressure steam 
and exhaust branches, Fig. 16 a section through the high- 
pressure exhaust branch, Fig. 18 a transverse section 
through the low-pressure cylinder, Fig. 19 a horizontal 
section through the exhaust branch of oe Riayamecnnre 
and steam branch of the low-pressure cy Fig. 20 
a horizontal section through the steam branch of the 
pe regan and exhaust branch of the low-pressure 
cylinder, and Fig. 21 a section on line A B in Fig. 19. 

Th wn by 


e construction of the 
Figs. 12, 18, 18, 22, and 28, the named yiew being a 
plan of the base-plate and Fig. 22 a plan of the motion plate 
which is mounted on the columns which connect the base- 
plate to the cylinders, These columns are of steel. 
As will be seen from the views given, the frame is all 
wrought iron. Fig. 18 explains the manner in which 
the crankshaft plummer-blocks are formed by cranking 
down the cross bars of the base-plate. The crankshaft 
is made in two pieces with coupling discs, eccentrics, 
and balanceweights forged on as shown in Fig. 12. The 
crank arms are sha so as to enable long crank-pin 
bearings to be obtained, these bearings being 6 in. long 
by 4 in. in diameter, while the crankshaft of 
which there are four—are all of the same diameter 


frame is 5s 


‘Mr. —4 in.—but 7 in. long. It will be seen on reference to 


oi cara of our two-page v: blished on 
J rn 18th that the crankshaft in mea aes coupled 
to the screw shaft as usual, has its other end connected 


to a shaft which extends forward to drive the jootpamps 





air pump, circula and blowing 
manner we shall eagles proselily. The oe 
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their straps; Fig. 18 also shows the arrangement of the 
reversing gear. The pattern of connecting rod is shown 
by Fig. 11 and the form of crosshead by Figs. 12 and 18, 
the crossheads being so arranged as to enable thin blocks 
to ~ a“ the @ bars being brought very close to- 


The ‘engines are fitted with a surface condenser, the 
arrangement of which is shown by Figs. 30 and 31, on 
92, and by Fig. 32 on our two-page engraving, while 
igs. 24 to 29 on the latter sheet show the construction 
of the air pump. The condenser, which is of copper, is 
24 in. in diameter and 5 ft. long, and it contains 790 
tubes, } in. in diameter. The steam passes into the con- 
denser around the tubes, while the condensing water 
traverses the latter, it being forced through by a centri- 
fugal pump 10 in. in diameter over vanes, and arranged 
as shown in Figs. 30, 31, and 32, The circulating pump 
is driven by a belt from the engine shaft, the pulleys 
being proportioned so that it makes 1} revolutions for 
each revolution.of the engines. The discharge from the 
condenser is arranged as shown in Fig. 32, asteam nozzle 
being provided in the discharge pipe, as indicated in 
dotted lines. 

The air pump is of a pattern specially designed to suit 
the high at which it is worked, it being driven 
direct from the engine shaft. The barrel is 9} in. in 
diameter, and referring to Fig. 24 it will be seen that it 
is fitted with two pistons or buckets each having a stroke 
of 3 in. The upper bucket has a tubular piston mm through 
which the rod of the lower bucket , the two rods 
being connected to crossheads, each of which is coupled 
to a pair of eccentrics by suitable connecting rods, The 
eccentrics by which the buckets are driven are arranged 
so that the two buckets are always moving in opposite 
directions, thus alternately approaching and receding 
from each other. These two buckets are thus equivalent 

as far as their power of Qelivers is concerned) to a 

le bucket with a 6 in. stroke. Each bucket carries 
six india-rubber valves, and there are also six feed and six 
delivery valves of the same pattern. This form of air 
pump has, we understand, answered well and worked 
very steadily at the high speeds at which tho engines 
are run, giving a steady vacuum of 26 in. to 264 in., and 
often 27 in, t. 27} in. The air pump is arranged to draw 
both from the condenser and from the bilge, the +" 
nexions being arranged as shown in Fig. 31, while 





Fi 
shows the arrangement of delivery pipe and hot a 


on reference to Figs. 34 to 43 of our two-page engrav- 
ing. This pump is driven by an eccentric: on the engine 
shaft between the engines and the air pump, as shown 
in the general views, Figs. 1 and 2 of our two-page en- 
graving of July 18th, Referring to the section, Fig. 34, 
it will be seen that the pump is of a modified bucket and 
plunger pattern, there being no bucket properly so 
called, but there being a piston having a plunger én its 
front side, and there being a passage arranged so as to 


in diameter and Qin. wide on the face, while the fan 
spindle carries a similar drum 8} in. in diameter. Two 
idle pulleys, mounted as shown in Figs. 30 and 33, serve 
to communicate the motion by frictional contact from the 
pulley on the engine shaft to that on the fan spindle, a 
spiral spring and adjusting screw serving to regulate the 
pressure of the idle pulleys. It will be seen from this 
arrangement that the fan makes approximately three 
revolutions for every revolution of the engines. As will 





put the front side of the piston in communication with 
the delivery side of the pump. The effect of the ar- 
rangement is that of the volume of water swept from the 
barrel of the pump by the piston on its inward stroke, 
but half is really discharged into the delivery pipes, the 
remaining half finding its way to the outer side of the 
piston to be discharged during the outward stroke of 
the latter. The pump has a barrel 3 in. in diameter 
and a 4in. stroke, and it has been found to work well 
and noiseleasly with the engines at full speed. The 
valves, it will be noticed, are made very large with a very 
small lift, while an air vessel is provided on both de- 
livery and suction sides. 

The engines are supplied with steam by a boiler of 
the locomotive type, a as shown in Figs. 1 and 2 
of our two-page engraving of July 18th, the boiler being 
placed in a closed stokeh ald i into which air is forced by a 
fan. The boiler shell is of iron and the firebox of copper, 
the latter being of the Cudworth pattern with a mid- 
feather. The diameter of the boiler barrel is 3 ft. 8 in. 
and it is made of $-in. a The firebox is 4 ft. 3in. 
long by 4 ft. wide, and its is stayed direct to the 
shell as shown. The maid feather space is 3 in. wide and 
the tube-plate is Jin. thick. The tubes, which are of 
brass, are 300 in number and are 1} in. in diameter and 
4it. 6 in.long. The working pressure is 140 1b. per 
square inch. 

The arrangement of the blowing fan by which the 
stokehold is supplied with air, is shown by Figs. 30 and 
31 on page 92, while Fig. 33 on our two-page engrav 
shows the tof friction driving gear. As wi 
be seen from Figs. 30 and 31, the fan, which pone 
diameter, is placed agaiast the bulkhead, which — 
the engine-room from the stokehold, this bulkhead Taving 
an aperture (fitted with a sliding "door) through whic 
the air enters the fan. The latter is driven from the 
engine shaft by friction wheels arranged as in 


be seen from Fig. 30, the fan blades are mounted at one 
end of the fan spindle, the latter running in very long 
bearings made spherical externally, so as to give tree 
adjustment. The fan has eight blades made of thin steel 
plates. 

The propeller is 5 ft. in diameter, and has three blades 
arranged with a 5 ft. pitch. The boss of the propeller is 
of wrought iron, and is 11 in. in diameter, while the 
blades are of hammered steel, and each is fastened to the 
boss by five bolts ljin. in diameter, passing through 
a flange Sin. in diameter. The blades are disposed witha 
rake aft,as shown in Fig. 1 of our two-page engraving 
of July 18th. 

On a trial trip made on the Ist of March last, the 
Acheron attained a speed of 16 miles per hour in a heavy 
sea, the engines making 330 revolutions per minute. The 
conclusion arrived at during the trial, however, was that 
the vessel was over-screwed, the engines not being able 
to get away, although the boiler furnished an abundant 
supply of steam at 1401b. pressure. It was, therefore, 
proposed to alter the screw and make further trials, but 
the results of these have not yet reached us. Considering 
the circumstances under which the Acheron was designed 
and built, a speed of 16 miles per hour was, however, a 
very good result, and one creditable to Mr. Selfe and to 
colonial engineering. We hope hereafter to have more 
to say respecting the Acheron and her sister vessel. 





RAILWAYS IN eserves be eer .—At the close of 1877, 
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Figs. 30 and 33. From these views it will be seen that 
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LIGHTING BY ELECTRICITY.—No. II. 
DynaMmo-ELECTRIC MACHINES—(continued). 


Next to the Gramme machine in chronological 
order of introduction, though almost contemporary 
with it, was the dynamo-electric machine of Messrs. 


® comparison between Holmes’s machine, which was 
first used at Dungeness lighthouse, and the modern 


| Siemens dynamo-electric apparatus, which is in- 
| stalled at the twin lighthouses on the Lizard pro- 


montory; thus, while the Dungeness machine 
occupied no less than 484 cubic feet the Siemens 


Siemens Brothers, which has so often been referred | machine takes up but little over 4} cubic feet, and 


to in the pages of this journal, and which from the | 


the corresponding weights of the two machines are 


moment that it was introduced until the seers | 54 tons for the Holmes to 33 hundredweight for the 


time has occupied a leading position, and 
on!y maintained that high position in the face of a 
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Siemens ; again, while the Holmes machine produced 
a light equal to 670 candles the lightfrom the Siemens 
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large number of more recent competitors, but is still | 


the most powerful generator of electricity in ex- 
istence, whether estimated by a comparison of its 
light-producing power with its bulk and weight of 
material, or with its absorption of motive power or 
cost of working. 

The most remarkable characteristic of the Siemens 
machine is its extraordinarily small size and weight 
in proportion to its power, and nothing shows more 
strikingly the great advances that have been made in 
the construction of machinery for the induction of 
electric currents during the last twenty years than 


a 


mm es) ro rh 


mn 
hy, (ia ail dlully Hb mh 





apparatus is equal to 3620 candles ; and with regard 
to the question of economy, while the apparatus at 
Dungeness had an illuminating power of 244 candles 


per horse power absorbed, that of the Lizard machine | 


is 1034 and the cost of working per unit of light is 
1294 at Dungeness to .0147 at the Lizard. We 
have thus the following proportions between the 
apparatus at the two stations of Dungeness and the 


comparing as they do the apparatus which was em- 
ployed in the first application of Faraday’s trans- 
cendent discovery to the illumination of the coast 
with the latest and most perfect apparatus which 
modern science has developed from that discovery. 
As has been pointed out in preceding articles, 
when part of a closed electrical circuit is caused to 
move Within a magnetic field so as to cut through 
the lines of magnetic force in a path more or less 





perpendicular to their direction, a current of elec- 
tricity is induced in the circuit, the strength of which 








Fia, 7. 


depends upon the combination of a variety of causes 
of which the principal are the intensity of the 
magnetic field and the favourable presentation to its 
inductive influence of those parts of the circuit which 
are ee within it. _ All mechanical generators of 
| dynamic electricity, whether their currents be in- 
| duced from permanent or from electro-magnets, or 

from a magnetic field excited by their own action 








Lizard respectively. Bulk, 114 to 1; weight, 28 to , and by the circulation uf their own currents, depend 
1; light produced, 1 to 5.4; light produced per | for their action upon the great principle first dis- 
horse power, 1 to 4.24; and cost per unit of light | covered by Faraday and investigated so fruitfully by 
produced, 1 to 0.113. The figures are interesting, Ampére, Arago, Lenz, and others, and the efficiency 
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of all such machines is determined by the perfection 
with which those laws and the forces which depend 
upon them are economised. A perfect machine would 
be one which, producing a magnetic field of the 
greatest possible intensity, is so constructed as to 
cause a large number of convolutions of insulated 
wire forming a circuit to move rapidly within that 
field in such a manner as to be always cutting 
through the lines of magnetic force to the best 
‘ble advantage for magneto-electric induction, 
its length being so proportioned to its conductivity 
as to present the largest number of convolutions to 
the inductive influence of the magnetic field without 
diminishing the strength of the current by unneces- 
sary resistance, and it is just the degree with which 
the theoretical requirements are fulfilled that con- 
stitutes the efficiency of a machine, Upto the present 
time, the apparatus which approaches that ideal 
standard most closely is the Siemens dynamo-electric 
machine, or Hefner Alteneck machine, as it is some- 
times called ; an apparatus which the experiments of 
Dr. Hopkinson, F.R.S., show to be capable of con- 
verting mechanical power into electricity with a loss 
of energy of about 13 per cent., that is to say, 87 per 
cent. of the power exerted on the driving shaft of the 
apparatus is converted by it into energy of electri- 
city, a transformation of one form of energy into 
another with an exceptionally high efficiency. 

The Siemens machine, which we illustrate in the 
figures accompanying this article, was first publicly 
exhibited in this country at the Loan Collection of 
Scientific Apparatus, which was held at South 
Kensington in the year 1876, and attracted very 
considerable attention on account of its almost 
absurdly small size (standing but Qin. from the 
ground), and producing a light which far exceeded 
in power that developed by its much larger compe- 
titors. Fig. 1 is a perspective view of the machine, 
Fig. 2 is an end elevation with the front framing 
removed, so as to show its principal working parts, 
and Fig. 3 isa longitudinal section taken in a vertical 
plane close to its axis of rotation. 

The moving conductor in which the electric cur- 
rent is induced by the action of the machine consists 
of a great length of insulated copper wire wound 
longitudinally over a cylindrical core of soft iron in 
several lengths, the number of which depends upon 
the size of the machine and the purpose for which 
it is designed. These longitudinal coils of wire 
completely envelop the iron cylinder or armature, 
each section being wound parallel to a different 
plane passing longitudinally through the axis of the 
cylinder, there being as many of such planes as there 
are sections to be wound and at equal angular dis- 
tances from one another around the circumference 
of the cylinder, The ends of these coils are con- 
nected to a number of copper sectors insulated 
from one another, which together build up a cylin- 
drical commutator C, Fig. 3, very like that of the 
Gramme machine which we described a fortnight ago,* 
and rigidly attached to the armature spindle with 
which it revolves; and the currents are collected in a 
similar manner by conducting brushes B and B, 
poe against the commutator as it revolves, 

is system, consisting of the iron cylinder with its 
enveloping coils, is rotated at a high velocity within 
a powerful magnetic field produced by a series of 
electro-magnets, the coils of which are included in 
the circuit of the rotating armature through the 
brushes and are magnetised thereby. The curved 
bars shown at N, S,, Figs. 2 and 3, are of soft iron 
of rectangular section, and are the prolongation of 
the cores of the powerful electro-magnets E E E E, 
the coils of which are long flat bobbins wound with 
insulated wire, which are best shown in the general 
view, Fig. 1. Upon reference to Figs, 1 and 3 it 
will be seen that the magnet cores instead of being 
flat continuous plates are divided longitudinally into 
several bars having air spaces between them, the 
object of which is, firstly, to prevent cross currents 
being induced in the magnets, secondly, to main- 
tain the lines of magnetic force paralle! to the length 
of the bar, thirdly, to permit of a circulation and 
escape of air between the revolving armature and the 
magnets, so as to reduce the accumulative heating of 
the machine, and lastly, for convenience of manufac. 
ture, Of the curved portions of the magnetic cores 
N,S,, Fig. 2, each surrounds two-sixths of the entire 
circumference of the induction cylinder so that two- 
thirds of it are embraced by the magnets, and the 
coils E E of each set of magnets are so wound as to 
produce a consequent point or pole in the centre of 
their length, a north consequent pole being produced 
in the upper set of magnets at N,, Fig. 2, anda 


* See ENGINEERING, page 63 ante. 





south consequent pole being produced in the lower 
set of magnets at S,. Thus a very intense magnetic 
field is formed within the cylindrical space included 
between the upper and lower sets of magnet bars, 
and within this space is revolved at a high velocity 
the induction cylinder or armature which has been 
described. 

The action of the apparatus is as follows: When 
the machine is set in motion by means of a belt 
driven by a steam engine or other motor, the per- 
manent or residual magnetism within the magnet 
cores, aided by the inductive effects of terrestrial 
magnetism, induces in the wire on therevolving arma- 
ture a current of electricity feeble at first, but suffi- 
ciently strong to increase the magnetic intensity of 
the electro-magnets by traversing their coils, to 
which it is led by the collecting brushes and external 





circuit of the machine; the effect of this is to in- 
crease the intensity of the magnetic field, and 
therefore to induce a stronger current in the coils of 
the armature revolving within it; this, being traus- 
mitted through the magnet coils, still further in. 
creases the magnetism of the cores, adding to the 
intensity of the magnetic field, and so once more 
increasing the strength of the induced current, 
which thus becomes stronger and stronger as the 
armature is rotated, the increase of strength of the 
magnetic field being only limited by the point of 
magnetic saturation of the soft iron magnets. 

The maximum inductive effect of the magnets 
upon any one coil of wire on the armature cylinder 
is when the medial plane of the coil coincides with 
the plane passing through the poles N, S, of the 
magnets, and the minimum effect is produced when 
it lies in a plane perpendicular to that. The ends 
of the armature coils are so connected to the sectors 
of the commutator, and the collecting brushes are so 
placed with regard to it, that they take off the cur- 
rents generated by the machine at the position 
of maximum effect, and as that position gives the 
least spark at the commutator, the absenve of 
“sparking” is an indication that the machine is 
working at its greatest efficiency. 

Simple as is the winding of the armature cylinder, 
the connecting up of the ends of its coils is not so 
easy to explain even with the aid of diagrams. ‘The 
attachment of the ends of the coils to the sectors of 
the commutator is partly shown in Fig. 2, and more 
clearly in Fig. 4, in which, for the sake of simplicity, 
an armature of only eight coils is shown, there being 
the same number of commutator plates. In the 
diagram the two ends of the same coil are numbered 
1 and 1', 2 and 2’, and they are connected to the 
sectors of the central commutator in the order shown. 
If these connexions be traced, it will be seen that 
all the coils are united into a continuous circuit, the 
commutator sectors being traversed in succession. 
and the signs plus and minus indicate the direction 
of the current induced at any particular spot in the 
position of rotation shown in the diagram. 

We have before pointed out that there is to every 
machine of this construction one position for the 
brushes to bear upon the commutator in which the 





current is strongest, and where sparking is reduced 
to a minimum, and, in order to facilitate the adjust- 
ment of the brushes to this position, they are 
mounted upon a frame, shown edgeways in Fig. 3, 
and endways in Fig. 5, which is capable of being 
moved through a certain angular distance around 
the principal axis of the machine. By this means 
the position of the brushes at which sparks disap- 
pear at the commatator, or are reduced to a mini- 
mum, is very readily determined, and the frame 
being fixed in that position by set screws, the 
adjustment of the apparatus is complete, The 
brushes are in two pairs, so fixed that one brush of 
each pair is slightly in advance of its fellow (see 
Figs. 3 and 5), the object of which is to render the 
current more uniform by preventing the occurrence 
of a break in the circuit, and causing one brush to 
compensate for any imperfect contact of the other ; 
and the brush-holders are so constructed as to 
permit of the machine being driven in the reverse 
direction, it being only necessary to take out the 
brushes and to reverse them, so that their ends 
which bear upon the commutator point in the 
direction of its rotation, Figs. 6 and 7 illustrate the 
position of the brushes when the machine is driven 
to the right or the left respectively. 

The only wearing parts of both the Siemens and 
the Gramme machines are the brushes and the com- 
mutator, which are not only always rubbing together, 
but are subject to be more or less burnt under the 








influence of the current when sparking is taking 
place. The renewal of the brushes is a matter of 


only a few minutes, involving a very trifling cost, 
but the renewal of the commutator was, until the 
later improvements made by Messrs. Siemens, a 
much more serious business, and could only be done 
by the maker, and at considerable cost of time and 
money. In the Siemens machine, however, as now 
constructed, each sector of the commutator cylinder 
is separate and renewable, being fixed in its place by 
a single screw ; by this means the removal and re- 
newal of any one plate, or even, if necessary, of the 
whole commutator, is a very simple and insignificant 
matter, occupying only a few minutes, instead of 
several days, as was the case with the old form of the 
apparatus. The Siemens machine is that which is em- 
ployed for the electric lighting of the Albert Hall,* 
where there are five machines fixed in the engine- 
room behind the organ, which supply the light to five 
Siemens lamps suspended from the centre of the 
dome, and surmounted by gilt reflectors, which 
mix with the pure white light from the electric arc 
a reflected glow of a warmer tint. 

The most perfect installation of the electric light, 
however, that has up to the present time been made 
is the splendid electrical station at the Lizard 
lighthouses, where there are six of the medium size 
Siemens machines, each capable of producing a light 
of 3620 candles, and arranged in three pairs, each 
pair being driven by one of Brown’s caloric or hot- 
air engines, which were recommended for adoption 
by Mr. J. N. Douglass, the eminent engineer to the 

rinity House, on account of the very inadequate 
supply of water at that rugged station. When the 
weather is fairly clear the lighthouses are illuminated 
by the currents from one pair of machines, one ma- 
chine being connected to each lantern, and a second 
pair of machines is kept in readiness with their en- 
gine fire banked up in case of heavy weather coming 
on or to provide against accidents. Upon the occur- 
rence of thick weather, the second engine is started, 
when the combined current of each pair of machines 
is sent to each tower, giving a mean intensity at 
the focus of each optical apparatus of 8250 candles, 
the third engine with its pair of machines being kept 
ready to start at a moment’s notice in case of a 
breakdown. 

The cables which conduct the currents from the 
machines to the lamps—a distance of 300 ft.—are 
constructed of nineteen copper wires of high con- 
ductivity covered with three layers of protecting 
and insulating material, the first being of felt, the 
second india-rubber, and the third cotton tape 
saturated with a solution of caoutchouc wound 
spirally round the cable. The lamps, of which there 
are three pairs, one pair for each lantern, and one 
pair in reserve, are of the large improved type 
of Messrs. Siemens, but we shall defer a de- 
scription of this part of the apparatus uatil we come 
to consider the various forms of electric regulators 
of which we shall illustrate all the principal types. 

Besides its application to lighthouses, the Siemens 
machine is now very largely employed for the illumi- 
nation of factories, and for the carrying on of works 
at night; it has recently been sharing with the 
Gramme machine the work of exciting the distribut- 
ing machines with which the streets of Paris are now 
being illumiaated under the Jablochkoff system. It 
must, we think, be looked upon as an interesting sign 
of the times, that during the last two years, machines 
to the value of upwards of 60,0U0/. have been 
turned out from Messrs. Siemens’ works, of which 
by far the largest number has been during the last 
twelve months, 


CANADIAN RAILWAYS.—No. XXIII. 
GranD Trunk RatLway or Canapa,—VII, 
BUFFALO AND LAKE HURON. 

Tuis railway extends, or did at the period it was 
taken over by the Grand Trunk, from Fort Erie, 
opposite to Buffalo in the State of New York, to 
Goderich on Lake Huron, 16] miles, its course being 
a little north of west. Its original intention was to 
provide a direct route between Buffalo, 423 miles 
north-west of New York, and the Upper Lakes, 
cutting off the acute elbow formed by Lake Erie, 
avoiding the intricate and at that time dangerous 
navigation of Lake St. Clair, and the strong currents 
of the Detroit and St. Clair rivers, which connect 
Lakes Erie and Huron, Goderich is the first good 
harbour after entering Lake Huron, and. in fact, 
the only place of security for any description of 
vessel for at least 70 miles from the St, Clair river 
along a dangerous coast, on which with a south or 
west wind the waves of Lake Huron beat very 
heavily. Lake vessels of any tonnage could navigate 

















* See ENGINEERING, vol. xxvii., page 181. 
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the intermediate distance between Chicago, Mil- 
waukie, and other ports to Goderich, and as 
steamers were required to stem the currents of the 
St, Clair and Detroit rivers below this port, the in- 
tention of this railway in connexion with the New 
York system appeared to be of exceptional excel- 
lence. In 1830, the Mohawk tribe of Indians had 
surrendered to the Government a quantity of their 
reserved lands on the Grand river, including the 
town plot of Brantford, and in 1840 the works of 
the Grand River Canal were complete to this point, 
virtually extending the navigation of the Erie, the 
great New York State Canal, from New York to this 
place, in the very heart of the wheat-growing district 
of Canada West, 

The Buffalo, Brantford, and Goderich Railway, 
under which title it was chartered, was commenced 
by an international company of Americans and 
Canadians, whose head-quarters were at Brantford, 
with a liberal subscription from the different 
municipalities that were on the line and expected to 
be benefited by its operations. The proposed 
capital was 3,000,000 dols., of which 2,993,000 dols. 
were subscribed, ten municipalities voting bonuses 
amounting to 878,000 dols., and the towns of Brant- 
ford and Stratford paying in addition 500,000 dols. as 
aloan. Before the works were finished, however, 
on the section proposed to be built to Stratford, 
the company were harassed for the want of funds, 
and the heavy rate of interest, 8 per cent., at which 
they were carrying their floating debt. In 1855, 
the portion between Fort Erie, the Canadian town 
opposite to Buffalo in the State of New York, and 
Brantford, 75 miles, was so far complete as to enable 
the trains to be worked, but after it had been 
partially open for some time, the unpaid em- 
ployés seized the road, burnt down the engine houses 
and shops at Brantford, and compelled the suspen- 
sion of the traffic. This led toa reconstruction of 
the company, the introduction of the English bond- 
holders as the managing party, the general re- 
organisation of the staff, and a fresh start. The 
works, damaged by the rioters, and never very 
perfectly finished, were completed, and on the 1st 
of November, 1856, the section from Fort Erie to 
Paris, 83 miles, was opened, and to Stratford, 33 
miles further on, the 22nd of December of the same 
year. ‘The portion from Stratford to Goderich, 44 
miles, was not complete till June 28, 1858, and the 
whole was finished May 16, 1860, by the opening of 
the extension, 14 miles long, to Goderich harbour. | 

The course of the road from Fort Erie, to which 
point the trains were brought from Buffalo by a 
ferry across the Niagara, for 30 miles is closely 
parallel to and on the north shore of Lake Erie 
crossing the Welland Canal and Railway, near Port 
Colborne, 18 miles from Fort Erie, and at 28 miles it 
crosses the ‘‘ feeder”’ for the Welland, and the route of 
which it follows to Dunnville, 38 miles, on the Grand 
river, and up the valley of that river to Brantford, 
76 miles from Buffalo, 74 miles from Fort Erie. 
At Canfield, 46 miles, it crosses the Great Western 
‘air line,” and the Canada Southern, side by side, 
all three railways running from Buffalo to Detroit, 
commencing and ending in the same stations at each 
terminus, 230, 256, and 258 miles distant by the three 
roads, At Brantford two other railways come in, 
one a branch of the Great Western from Tilsonburg, 
33 miles long, called the Brantford, Norfolk, and 
Port Burwell, and the other from the north 8 miles 
in length, from Harrisburg, forming the Brantford 
branch of the same railway. 

Brantford, which was the head-quarters of this 
line, as long as it was an independent company, is ad- 
mirably situated on a gravelly ridge, skirting the 
north bank of the Grand river. It takes its name 
from the celebrated Indian chief Brant, a ford or 
crossing near the place having been called after 
him by his followers. Joseph Brant, or Thayen- 
danagea, was born in 1742 on the banks of the 
Ohio, a full blood Mohawk, one of the Six Nations 
that early attached themselves to the British cause 
in the long struggle with the French. He was only 
thirteen years of age when engaged in his firat great 
battle fought under Sir William Johnson, and he 
subsequently rose to the position and title of captain 
in the British army. The Six Nations steadily ad- 
hered to the English side in the revolutionary war 
of 1776, and at its conclusion the Mohawks were 
residing on the American side of the Niagara 
Boundary in the district then belonging to the 
United States. The Senecas, another of the Six 
Nations, offered them a home in the reservation 
ceded to them in the State of New York, but Thay- 
endanagea firmly declined. ‘‘The Mohawks,” he 





said, ‘‘ should sink or swim with the British,” and 
they were ultimately allotted a suitable plot of land 
on the Grand river, Here, then, in the district 
round Brantford, the warriors were installed, and 
here in the little Indian churchyard, beautifully 
situated in a peaceful bend of the river, 14 miles 
from Brantford, the remains of our warmest Indian 
ally were placed at his death in 1807. A splendid 
man, a natural gentleman, a generous friend, a brave 
foe, Thayendanagea exhibited every quality toendear 
him to his own people, and to win the respect of the 
English whom he faithfully, steadily, and affec- 
tionately served. According to the custom of the 
Mohawks, the inheritance descends through the 
female line exclusively, and the head chieftanship 
belongs to the oldest female of the royal line, who 
nominates one of her own sons, or if a grandson, he 
must be the child of her daughter. In this case the 
widow of Thayendanagea chose her youn son 
John, who had received a good English education, 
and though only thirteen years of age had already 
given proofs that he was a worthy scion of his 
father. When the war of 1812 broke out with the 
United States, the Mohawks, true to their ancient 
faith, espoused the British cause, and were engaged 
in most of the principal actions on the Niagara 
frontier. The father having held a captaia’s com- 
mission in the army, the Earl of Dalhousie appointed 
the new chief, John Brant, to the same rank, and in 
1832 he was elected a member of the Provincial 
Parliament, His election was, however, set aside on 
technical grounds, and the same year he was carried 
off by cholera, and is buried in the same vault 
with his father. This church has the reputation of 
being the oldest episcopal church erected in Canada 
West. The Mohawks use the prayer book of the 
Church of England translated into their language by 
the Society for the Propagation of the Gospel in 
Foreign Parts, who, in 1702, the year after their 
incorporation, sent a missionary to these Indians, 
then the nearest to the English settlements. ‘The 
communion service is of solid silver, each piece 
bearing an inscription stating it to have been given 
to the Mohawks for the use of their church by Queen 
Anne. 

Brantford was the site of the central engine shops 
for the whole road, and although Stratford has been 
selected by the Grand Trunk as their main western 
establishment, they have still a number of men 
employed here. The town is quite a manufacturing 
centre, and one of the largest engine works and 
foundries in Canada is situated here, doing a large 
business in small sawmill and “ agricultural” en- 

ines. 
: Eight miles beyond Brantford is Paris, so named 
from extensive beds of plaster-of-paris that exist in 
the neighbourhood, and the point of intersection of 
the main line of the Great Western Railway from 
Hamilton to Detroit, Eightmilesfurther, at Drumbo, 
this line crosses the Credit Valley, another aspirant 
for the western traffic from Toronto, and 23 miles 
further at Stratford the Buffalo and Huron intersects 
the main line of the Grand Trunk from Toronto to 
Sarnia and Detroit, to which latter place the trains 
from Buffalo are now directed, the remainder of the 
old line to Goderich being worked as a branch to the 
Grand Trunk system. From Stratford to Goderich 
is 45 miles, across a country the greater part of 
which has only recently been reclaimed from the 
forest, but which is very rapidly filling up with an 
industrious, wealthy class of settlers, who are fast 
converting this northern peninsula into a perfect 
garden. In 1832 the whole district had scarcely 
1000 inhabitants; in 1871 the population of the 
county of Huron alone, of which Goderich is the 
county town, was over 66,090, and it produced that 
year over 2,000,000 bushels of wheat, oats, and 
barley ; whilst Perth, of which county Stratford is 
the shire town, with a population of 46,000, pro- 
duced 1,700,000 bushels of the same cereals. The 
site of Goderich was selected in 1827 by Dr. Dunlop, 
the surveyor for the Canada Company ; soon after- 
wards it was laid out in town lots, and the company 
subsequently made it their head-quarters. The 
banks of the Maitland river are here 130 ft. high 
above the lake, and at its mouth, which is safe and 
easy of access, there is an excellent natural harbour, 
the only one on the eastern shores of Lake Huron. 
From its position it might, at an early date, have 
been made a most important place, but there was too 
much ‘ red tape” in the management of the Canada 
Company at this time, and their only lake port pro- 
guns very slowly until the opening of the 

uffalo and Brantford Railway, since which time 
the land has been all taken up, and the more recent 


discoveries of immense deposits of rock salt bid fair 
to make this district of great importance to the whole 
of Canada. In 1866 a well was sunk over 1000 ft. 
deep on the north side of the Maitland river in the 
hopes of finding petroleum, After passing through 
the rocks of a geological formation since recognised 
as the Onondaga group of the American geologists, 
they came to a series of red and blue shales, about 
200 ft. in thickness, at the base of which is a layer 
of rock salt about 40 ft., including some beds of blue 
clay. From this depth there was obtained by pump- 
ing a saturated brine, which for its strength and 
purity showed a marked superiority over the brine 
obtained from this same series of strata either south- 
east in the State of New York at Onondaga, or 
west across Lake Michigan at Saginaw, where this 
same formation is also found. This well has been 
working since October, 1866, and has produced an 
enormous quantity of salt, Encouraged by the 
result of this first boring, numerous other trials 
have been made, and the salt-producing district has 
been proved from Clinton and Seaforth, both sta- 
tions on this railway, the latter 23 miles south-east 
from Goderich, to Kincardine 30 miles north-east 
along the coast, and extending inland over a total 
area of 1200 square miles, and the limit has not yet 
been determined, except to the northward, where 
the base of the Onondaga formation crops out at the 
mouth of the Saugeen river. 

The manufacture of salt from these brine produc- 
ing measures has been for years an important in- 
dustry id the State of New York ; the head-quarters 
of which is at Syracuse, the wells being bored in 
various localities round the Onondaga lake, whose 
geological formation having been carefully examined 
has given its name to the well-marked series of 
rocks, which are traceable from this point through 
the peninsula of Canada. In 1860 the various salt 
manufacturers in the New York area formed them- 
selves into an incorporated company, known as the 
Onondaga Salt Company, and these operations have 
since been conducted on scientific principles and 
with ample capital, In 1867, which appears to have 
been their best year, they produced 7,595,565 
bushels of 56 1b. each of salt, of which amount 
2,271,892 bushels were made by solar evaporation 
and 5,323,673 bushels were obtained by boiling. 
The Canadian works were laid out as an exact copy 
of these Onondaga works, but the brine at Goderich 
aay ©: so much } ytd and stronger that experience 

demonstrated the American system of boiling in 
kettles to be not so economical for the Canadian 
works as the English method of using broad shallow 
pans with a slower evaporation, ‘The first well at 
Goderich yielded 100 bushels of salt daily ; during 
the next year four other companies went into opera- 
tion at the same place, and by the fall of 1868 five 
companies were at work in the district, and three 
other wells were being sunk in the neighbourhood, 
besides others at Clinton, Kincardine, and in the 
surrounding country. ‘The brine from all these 
varied but little, the density being about 90 deg. of 
the salinometer. In November, 1868, the five com- 
panies had at work 404 kettles, making 375 barrels 
of 5 bushels each of salt per day. The blocks of 
kettles were arranged in parallel rows of from 26 to 
30 kettles in each, the capacity varying from 120 to 
140 gallons in each kettle, the larger ones being in 
front and receiving the greater amount of the heat. 
The fuel used is wood, a cord of which (that is a pile 
8 ft. long and 4 ft. high of wood cutinto 4 ft. lengths, 
128 cubic feet altogether) produced 35 bushels of 
salt, or 174 cwt., and the ton of coal yielded about 
the same. The brines of Syracuse mark from 60 deg. 
to 65 deg. on the salinometer, whilst those of Goderich 
are from $1 deg. to95deg. A pure brine of 60 deg. 
in strength “a epr ye 15.6 per cent., and 38,9 gallons 
yield a bushel of salt, whilst the Goderich brine 
averaging 90 deg. holds 23.4 per cent. of salt, and 
24.5 gallons are only required for a bushel, Hence 
it appears the Canadian brine is 50 per cent. stronger 
than the Syracuse. The mode of evaporation now 
adopted is by large pans 21 ft. wide by 40 ft. long, 
and 15 in. deep, placed in pairs one behind the other. 
Under the front pan three wood fires are kept burn- 
ing, the waste heat passing under the second pan in 
which a slower evaporation takes place. The daily 
production of two such pans at the Stapleton Salt 
Works was 50 barrels of pure salt from the first pan, 
and 20 barrels of coarse salt from the rear pan, with 
a consumption of 7 cords of wood, worth 10s, per 
cord, being at the rate of 50 bushels of salt produced 
to the cord of wood consumed. 
The financial history of the Goderich salt industry, 





like a number of other valuable enterprises, was in 
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the first instance unfortunate, and the ruin of the 
early companies illustrates a point in the present 
policy of Canada, which is perhaps not understood 
in England. 
opened the American manufacturers, who had pre- 
viously supplied this country with salt duty free, 
combined to flood the country with that commodity 
to such an extent that the whole of the freight and 
part of the original cost was remitted, and the 
cheapest place to buy the Onondaga salt was at 
Goderich. The consequence was that most of the 
original salt masters were ruined, and the Goderich 
mines were closed. Sir John M‘Donald, then at 
the head of the Government, im 
cents. per barrel on imported salt, and under this 
protection the mines were reopened, the Canadian 
salt trade speedily revived, and has now attained 
such proportions that skill and capital have been 
enlisted into the business ; the manufactories are as 
well organised as those in the State of New York, 
and the local markets have been established at prices 
far lower than were ever current in the country till 
these salt works were developed, excepting at the 
time when the powerful monopoly at Onondaga was 
temporarily ‘‘ bearing” the market. 

At present salt is manufactured extensively at 


Ucuta; Briper NEAR SAcRuUPE. 


| fiscal year 1876, the exports of salt were 870,437 


bushels, which was valued at 90,216 dols. 
In December, 1876, a boring was made at Goderich 


of all the materials passed through; the depth attained 
was 1517 ft., and the cores were sent to Dr. Sterry 
Hunt, of the Canadian Geological Survey. Six beds 
of solid rock salt were passed through at 1028 ft., 


the surface, with marls and dolomites between 
them of the enormous thickness on the aggregate of 
126 ft. of solid rock salt, being equal to 365,000 tons 





1 a duty of 50 | 


per square acre, or the immense quantity of 
233,600,000 tons underlying each square mile. ‘T'wo 
of the beds, especially the second and third in the de- 
scending series, 25 ft. and 35 ft. respectively in thick- 
| ness, are remarkably pure, and when crushed to the 
| requisite fineness are at once ready for the market. 
| A bench of 103 ft. in thickness is of extraordinary 
purity, containing by analysis 99} per cent. of salt, 

whilst most other salt in the market, after boiling 
| down an‘ washing, still contains from 1} to 2 per 
| cent. of impurity. By the present process, the cost 
| of the salt averages from 14s. to 17s. per ton, but 
| Mr. H. Y. Attril, through whose enterprise this ex- 
| perimental boring was undertaken, proposes to sink 


1085 ft., 1127 ft., 1223 ft., 1243 ft., and 1385 ft. from | 


| this shaft will be within a quarter‘of a mile of Lake 
Huron, an inland sea as large as the Caspian and 
_ available for vessels of 1500 tons capacity to the 


When these salt mines were first | with the diamond drill, which brings up a solid core | ocean, the value of these deposits in the future can 


scarcely be estimated. 

The original capital of the Buffalo, Brantford, 
| and Goderich Railway was 615,000/. sterling, to 
| which were subsequently added 150,000/. of prefe- 
rence shares, and 500,000/. of bonds, making, when 
| the line was opened, a total of 1,265,000/., which is 
| 50 per cent. more than such a railway with light 

superstructure, and singularly free from heavy 
| works, could be built for in this country on a pure 
cash basis. When the company was reconstructed, 
land the name changed to the Buffalo and Lake 
| Huron, in April, 1859, the capital underwent a 
| “watering” process, there was a further issue of 
| 615,000/. of stock, new preference shares to the 
| extent of 80,000/., a chattel mo: of 13,000/., 
| and bonds to the extent of 166,666/. to secure the 
| interest payable under agreement, making a total of 
2,386,788/. up to June 30, 1868. By the terms of 
| agreement with the Grand Trunk, which took effect 
from that date, the lessees agreed to pay 42,500/. 
for the year ending July 1, 1869, 45,000/. for the 


| next, and an increasing amount each year to 1879, 


Goderich, Clinton, and Seaforth, along the Buffalo | a shaft down to the beds of rock salt and mine it | when the rent would amount to 70,000/. a year, at 


and Huron Railway, all from saturated brine 


like coal, when it can be produced he expects at 


which it would remain in perpetuity. This rent 


pumped up from the salt measures, and during the | from 5s. to 6. per ton, and command a market. As | charge to the extent of 42,500/. a year takes prece- 





an 


: 


tna ag elalgnat stra 











ENGINEERING. 


105 











THE 


CALLAO, LIMA, AND OROYA RAILWAY. 





Fy oe tt tie Ela aS 
eos SON SSF. 5 a 
Sats aT Po panting =—= p Z 
i ae Mie keg ie ae 
4 ¢ - ‘ 7s 
DORE ew ar 


8 


ag et 





Viapuci over THE Rio Copa, anp Entrance to Tunnet No. 87. 


dence of the first equipment bonds, in fact, every- | 
thing on the Grand Trunk; the amount over this | 
sum ranks next after the second equipment bonds, 
As the bonded debt of the Buffalo line amounts to 
763,558/., the interest on this at 54 per cent. | 
amounts to 41,995/. per annum, leaving out of the 
rent towards the 525,000/. of preference shares, 
13 per cent. in 1870, increasing to 5 per cent. in 
1878, and thereafter. The ordinary stock, amount- 
ing to 60,000 shares at 20/. 10s. each, were con- 
verted, half into ordinary Grand Trunk stock, and 
half into fourth preference shares, and in 1871 these 
two descriptions of Grand Trunk stocks were each 
increased 615,000/. in consequence of this conven- 
tion. There is no doubt that this has been an ex- 
cellent arrangement for the Buffalo and Lake 
Huron, which, as an independent company, was 
gradually getting deeper into debt, whilst the 
Grand Trunk, crossing this line in the form of a 
St. Andrew’s cross at an acute angle, have been 
enabled to substitute the important city of Detroit, 
to which all the railways in Michigan are tributary, 
as a terminus instead of Goderich, an isolated port 
on Lake Huron, and by the completion of the In. 
ternational Bridge, to gain direct access at the 
eastern end to the still larger city of Buffalo, 
making this in effect a thorough east and west 
route between Chicago and New York, as well as 
the Buffalo terminus of the extensive Canadian 
system of railways from Sarnia, Goderich, and 
Toronto controlled by the Grand Trunk. 





THE CALLAO, LIMA, AND OROYA 
RAILROAD. 

Tue mountain railroad running from Callao on 
the Pacitic coast towards the interior of Peru, was 
one of a number of lines which the late Henry 
Meiggs contracted with the Peruvian Government, 
in 1869, to build for 25,000,000/. sterling. The 
Callao and Oroya railroad, which is a monument of 
engineering skill, boldness, and energy, is 136 miles 
long, 1044 miles of this length being on such arising 
gradient that between the Callao terminus and the 
summit tunnel there is a difference of level of 
15,645 ft. The plan which we published on page 46 
ante, indicates the general direction of the railway. 
From this plan it will be seen that, starting from 
Callao, the line soon strikes into the valley of the 
Rio Rimac, which runs through Lima. From Callao 
to Lima, a distance of 7} miles, the gradients of the 


railway are easy, and the works are of an ordinary | 


character, and beyond Lima toa distance of 11 miles, 
nodifficulties in construction were met with, although 
the ascent on this section is considerably sharper. 
The line follows the course of the Rimac, in the 
middle of the valley, which varies in width from 
three to five miles, and at Santa Clara reaches an 
elevation above the sea of 1312 ft., corresponding to 
a mean gradient of 1 in 74. The next section, 15 
miles in length, carries the railway to La Chosica ; 
the gradients on this length are steeper, averaging 
1 in 63, while the ground becomes more difficult, as 
the valley gradually narrows and the hills close in 


| 





upon it. Thesides of the mountain here are covered 
with relics of a forgotten period of agricultural in- 
dustry. ‘They are divided up into terraces by num- 
bers of low walls, which served to retain the earth in 
which the crops were grown. ‘The valley, too, at this 
time was in a hijrhstate of cultivation, but under Peru- 
vian management it fell into disuse, to be again culti- 
vated in very recent times by foreign capital andcoolie 
labour. After leaving La Chosica the maximum gra- 
dients of 1 in 25 commence as the railway winds up 
the outlying mountains of the range, but as far as San 
Bartolome, 47 miles from Callao, the works are not 
heavy, the line following the natural slopes. At 
San Bartolome occurs the first zigzag, which in three 
miles takes the railway up about 600ft. The 
end of this section of about five miles finishes 
the Verrugas Viaduct, drawings of which we have 
already published (see ENGINEERING, vol, xiii. 
page 247). This viaduct, which crosses a narrow 
ravine and a small mountain torrent, consists 
of four spans, three of which are 110 ft. wide, 
and the fourth 125ft.; the total length of the 
structure is 575 ft. What renders this viaduct ex- 
tremely remarkable is its great height, the longest 
or central pier being 252 ft., and the other two 
145 ft. and 187 ft. high respectively. They are built 
up of columns each formed of six rolled segments, 
braced together, and standing upon stone founda- 
tions, The viaduct was made by the Baltimore 
Bridge Company, and erected with but little 
scaffolding, under great difficulties, however, the 
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principal one arising from a great mortality among 
the workmen, the locality being a remarkably fatal 
one. The Verrugas Viaduct has an elevation of 
5840 ft. above the sea. From this point for about 
50 miles beyond, the road continues to ascend, the 
next station being at Lurco, up to where, 
with only one exception, the line follows the left 
bank of the Rimac. At Lurco it crosses to the 
other side, and after winding around the face of 
some precipitous hills it recrosses the stream. A 
short distance beyond is the Challapa Viaduct of 
somewhat less dimensions than that of Verrugas, 
being 324ft. long and 120ft. high. The ironwork 
for this structure was manufactured in France. A 
long and very heavy cutting in rock succeeds, and 
then the railway comes upon the valley of the 
Matucana, where the greatest difficulties were 
encountered in threading a way by side cutting, 
tunnelling, or bridging along the precipitous valley 
of the Rimac. Between Matucana and San Mateo, 
a distance of 15 miles, 3000 ft. of elevation are 
overcome. From this point to the summit the length 
of railway is about 27 miles, the distance being so 
great on account of the deviation necessary not to 
exceed the maximum gradient, and toevade difficulties 
that could not be surmounted. The range is finally 
crossed by a summit tunnel 3600 ft. long, and on 
the eastern side the line winds down the mountain 
to Uroya, the terminus. The following list of 
principal points on the railway, and their elevations 
above the sea will be found of interest. 

Elevation above 


the Sea. 

miles. ft, 

From Callao to Lima ... aan i 448 
an s» Quiroz... oo 808 
al »  SantaClara .. 18 1,312 
a »» LaChosica ... 33 2,800 
9” »  Cocachara ... 44 4,588 
un » San Bartolome 46 4,905 
5 >»  Verrugas oo «= (OF 5,840 
pa +»  Lureo ... os a 6,655 
os » Mutucana 7,788 
4 » San Mateo ... 77% 10,530 
s » Summit Tunnel 1044 15,645 
“ a ee 0, ee 13,420 


a 9 « Oroya ... . 186 12,178 

The difficulties attending the construction of this 
railway were almost incredible. Direct surveys 
were in many cases quite impossible, and levelling 
was almost impracticable. Days were often passed 
in blasting out niches in the sides of vertical cliffs 
for the theodolite, and the engineer had to be 
lowered by a rope to his perilous post. A consider- 
able part of the centre fine was laid out by tri- 
angulation, and mule roads had to be constructed 
before occupying the ground, The _ successful 
achievement of so great an undertaking speaks alike 
to the indomitable spirit of the contractor and the 
abilities of his staff, but we doubt if the Peruvian 
Government will find the 27,000,000 dols. sunk in 
the construction a profitable investment. It is 
worthy of note that at the commencement of the 
undertaking in 1870, all material and plant were 
exported from England and France, but as the work 
progressed the orders were placed in the United 
States, to the total exclusion of the -first-named 
countries. The engravings which accompany this 
notice, and those we published a short time since, 
illustrate admirably the nature of the country through 
which the line pa-ses, and convey a good idea of the 
magnitude of some of the different works. We are in- 
debted for them to our esteemed contemporary, the 
Engineering and Mining Journal oi New York, 








WATER-PRESSURE ENGINES. 
On Water Power Engines with Variable Stroke.* 
By Mr. Jonn Hastie, of Greenock. 

Axnovur thirteen years ago the attention of the author 
was called to the necessity for some form of hydraulic 
power being substituted for horses in hoisting at the 
various — stores in Greenock; and he then designed 
an hydraulic winch mounted on wheels, and arranged to 
be connected by flexible tubing with the nearest water 
main, so that one winch would be sufficient for several stores. 

In making the necessary calculations connested with this 
design, he was surprised to find that the consumption of 
water was the same, whether a light or heavy weight was 
being. raised ; in fact, that as much water would be used 
in lifting the chain alone as was required for the greatest 
weight to be lifted. While thinking over this matter it 
occurred to him that if the stroke of the piston could be 
varied by some simple mechanical means, the difficulty 
would be overcome; but no encouragement was given to 
the employment of hydraulic power at the time, and the 
matter was laid aside until about three years ago, when the 
Greenock local authorities obtained an Act of Parliament 
giving power to abolish the hoisting in the street by horses. 
As the employment of some form of hydraulic hoist thus 


* Paper read at the Glasgow Meeting of the Institution 





became almost a necessity, the author’s attention was 
again given to the principle, not only with a view to hoists, 
but for general purposes. 

His first efforts were directed to obtaining a variable 
stroke of piston in a water engine. This was achieved in 
two ways; first, by means of a variable crankpin, and, 
secondly, by employing alink as in the expansion gear of a 
steam engine. Both of these arrangements fulfilled the 
conditions required, but the variable pin was selected, as 
capable of being applied in a more com form than the 
link. The principle was developed in three forms: 1. An 
arrangement with a screw, similar to the crankpin of a 
slotting machine, which enables the engine to be set before 
starting, so as to use a given quantity of water for any 
given amount of work. 2. An arrangement for varying 
the radius of the pin by hand while the engine was at work, 
which was a much more rapid way of effecting the change 
in the stroke than the former. 3. An arrangement for 
making the variation of the stroke automatic, the amount 
of work to be done by the engine being itself the means 
employed for effecting the change. This was by far the 
best method of the three. 

Engines on all these three principles have been con- 
structed by the author’s firm ; eighteen engines in all are 
now at work, and others are in course of construction. 
But as the third or automatic method of varying the stroke 
is the most perfect form of this invention, and fulfils all 
the conditions necessary for the economical working of by- 
draulic motors with variable loads, this ms in two 
distinct forms, will alone be illustrated here. Figs. 1—6 
show the arrangement applied as a hoist for comparatively 
low pressures, say 2001b. per square inch and under.* 

A, Fig. 1, is the inlet pipe or passage, which communi- 
cates with the smaller end of the cock B, Fig. 2. This 
cock, worked by the handle C, controls the action of the 
hoist, being so constructed that it acts as a reversing valve 
when the near is at the extreme positions, and as a brake 
when the lever is in the centre position ; in the latter posi- 
tion both ports of the working cylinders are placed iu 
communication with the exhaust U, Fig. 1, the pipe of 
which is constructed with a bend, so as to contain at least 
as much water as will fill the three cylinders. Each 
cylinder thus alternately draws water from and forces 
water into the exhaust pipe U; and as the cock B con- 
trols the amount of opening it makes a most efficient 
brake. A maximum velocity of lowering can thus be fixed, 
and no water requires to be drawn from the main for this 

urpose. Two passages of communication are formed in the 
raming, between the cock B and each of the cylinders C 
and D, the termination of these passages being shown in 
Fig. 1. The oscillation of the ends of the cylinders is 
utilised to take the place of valves in distributing the water. 
The cylinders are held in position and adjusted by the eye 
bolts F (Fig. 2). The rams G are of the usual construc- 
tion, fitted with neck leathers, and acting direct on the 
crankpin H. This — is formed on a sliding frame I 
(Figs. 1 and 2), which effects the necessary adjustment of 
the stroke. It is formed in two plates, an outer and an 
inner, bolted together at the ends; between these is a 
space in which the double cam K works. The outer plate 
of the frame I has attached to it a small steel roller L, 
rolling on the outer half of the cam; and the inner plate 
has a similar roller M, rolling on the inner half of the cam, 
as shown in Figs. 4 and 5. The frame I slides within a 
dise N, keyed on the hollow shaft O ; while the cam K is 
keyed on the barrel shaft P, which is reduced so as to pass 
through the centre of shaft O. This shaft O has two snu; 
formed on it, to which chains P (Fig. 6) are attached ; 
while the barrel shaft P (which is the working shaft of the 
hoist) has the spring case S keyed on it, containing the two 
springs T T. 

The action of this part of the arrangement is as follows : 
When the engine is at rest, the springs have just as much 
ressure on them by the screws W as holds the roller L 
— against the inner part of the curve of the outer cam ; 
this pressure is also sufficient to prevent any change in 
position of the crank-pin should the engine be running 
without weight. When a weight has to be lifted, the shaft 
O at first turns outside the shaft P, winding up the chains 
and compressing the springs until their resistance balances 
the pressure put upon them by the weight. The springs 
will then yield no further, and the spring-box S begins to 
move, carrying round with it the shaft p. and so raisin 
the weight. But the relative position of the shafts O onl 
P bas now been altered; the rollers L M have moved 
along the curves of the cams, thus shifting the position of 
the sliding frame I, and giving an increased stroke exactly 
in proportion to the weight being lifted. On the weight 
being removed, the opening out of the springs causes the 
roller M, working on the inside cam, to bring the frame 
and crank-pin back to its original position. Through this 
automatic variation of the stroke the quantity of water 
used is always in proportion to the work done. 

The results of many experiments have shown the com- 
plete success of this automatic arrangement. As an illus- 
tration may be given the results of experiments made by 
Mr. Kinipple, chief engineer to the Greenock Harbour 
Trustees, on a small hoist for the Greenock Infirmary. In 
this case the height of lift was 22 ft., and the pressure in 
the cylinder 80 1b. per square inch. 

Weight Lifted. Water Used. 


ewt. qrs. Ib. gallons. 

chain alone 7 

3 10 
5 e. F 14 
6 2 17 16 
7 , oe 17 
. , ae 20 
9 2 17 21 

2 22 


10 17 
_A similar result follows when these engines are employed 


* Illustrations of this engine were published on page 363 
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for ordinary driving purposes. For instance, in drivin; 
cireular saws, the water used is in proportion to the depth 
of cut; and in cases where several machines are driven from 
the same engine, the consumption of water varies as these 
are thrown off or on. Another important point connected 
with the automatic variation of the stroke (and one which 
was not contemplated in working out the details) is that 
the engine itself becomes, in virtue of its construction, its 
own governor. This will be readily seen by observing the 
action of the lower ends of the cylinders. These, as already 
mentioned, form the distributing valve for the water; and 
the amount of opening of the port, being in proportion to 
the extent of the oscillation, is therefore in proportion to 
the radius of the crank-pin. Hence it is greatest when 
the ec ge is at its extreme radius, doing its maximum 
amount of work, and therefore requiring the greatest 
amount of water; while on the other hand, when the pin 
is near the centre and the engine doing little work, the 
opening of port is about one-third only of what it is at the 
extreme position. This reduction of opening, combined 
with a triangular section of port, so effectually controls the 
water that a uniform speed of engine is maintained whether 
the load is great or small. 

In the case of hoists, however, it is important that the 
light weights should be lifted at a quicker speed than the 
heavy weights; this is effected by making the ports in 
the ordinary way, in the form of a parallelogram, instead 
of in the ular form before mentioned. 

Tn constructing engines to work with very high pressures, 
such as are obtained from the accumulator, the springs are 
not employed ; but the arrangement shown in Figs. 7 and 
8 is used instead. In this case two water-rams U occupy 
the place of the springs ; these are connected through the 
centre of the shaft P with the supply pipe, and are, there- 
fore, under the same pressure as that employed to work 
the engine. The chains R are employed in the same way 
as with the springs, but instead of being wound directly on 
the shaft O they are wound on cams V ; in this way greater 
power is required to force back the rams in proportion as 
the distance from the centre of the shaft at which the chain 
R acts is increased ; and the effect is identical with that 
outained by the springs. 


RUBBER-TYRED TRACTION ENGINES. 
On the Working of Traction Engines in India.* 
By Mr. R. E. B. Crompton, of London. 

Tue following paper is an account of various experi- 
ments and trials of a steam train worked on the metalled 
roads of the Punjab. Several experiments with trains of 
wagons drawn by traction engines have been made in India, 
but the writer only describes the one which was carried 
out under his superintendence. 

The conditions of carriage which rule in our great Indian 
empire are difficult and peculiar. Owing to the fact that 
agricultural ee forms the greater part of the freight 
carried, it follows that all channels ‘of communication are 
fully worked fora brief period following harvest time, while 
for the rest of the year the capital employed lies idle and 
unremunerative. 

The results obtained by the late Mr. R. W. Thomson, of 
Edinburgh, with his rubber-tyred traction engines, or 
“road steamers,” led the Indian Government to purchase 
five of these engines, with which a regular service of trains 
was kept running between two towns in the Punjab for six 
months each year from 1873 to 1875, besides isolated ex- 
periments under various committees of engineer officers ap- 
pointed by the Government to watch and verify the results. 

It will be recollected that before the introduction of rail- 
ways, Hancock and others got very fair results with steam 
coaches running at 8 or 10 miles an hour ; but from that date 
up to that of the experiments now described no attempt had 
been made to run engines on the highways at a sufficient 
speed to tempt passenger traffic. The cause of this was no 
doubt the heavy repairing cha: caused by the vibration of 
heavy engines running at speed over rough roads ; since the 

roblem of the application of springs to traction engines 

as never been satisfactorily solved. But Mr. Thomson’s 
invention seemed |to open a brighter future. The wheels 
adapted themselves most marvellously to the surface of 
the road, gave a high percentage of ~ AM, and decreased 
the vibration of the engine to such an extent that speeds of 
10 or 12 miles an hour once more seemed attainable. There 
is no legal limitation to speed in India. The Grand Trunk 
road is laid out with easy and regular a ; its 
metalled surface is smooth and well formed and consoli- 
dated. Hence it was not unreasonable to expect that if 
high speed traction engines could be made successful any- 
where they would be so under such favourable conditions. 

In many points these expectations were fully realised. 
A high speed was obtained without excessive wear and 
tear; very regular running and timing was observed ; a 
large number of passengers were carried cheaply and safely, 
and goods were carried at a cheaper rate than any land 
carriage other than rail. 

Descriptions of the Engines and Trains.—In January, 
1870, Mr. Thomson sent out a small 8-horse power 
steamer, which, theugh not a success, proved that the 
rubber tyres were not affected by climate, and that te 
engine was handy and manageable. In August, 1870, the 
writer was sent to England to superintend the construction 
of four larger engines. These were built by Messrs. Ran- 
somes, Sims, and Head, of Ipswich, and the writer has to 
acknowledge the great assistance he received at the time 
from Mr. John Head, who eventually read a paper before 
the Institution of Civil Engineers (Proceedings, vol. xxxvi., 
page 36), on the subject of traction engines. The four 
engines were of the same type, having three wheels, 
vertical boiler of the ‘‘ Field’? pattern set in angle-iron 
frame, and vertical inverted engines at the back of the 
boiler. They are shown in the diagram and Table I. of the 


* Paper read before the Institution of Mechanical En- 
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TaBLE I.—Dimensions of Engines. 


. in. 
Length ofengineandtender .. .. 31 10 
- engine only ... ova wo 16 0 
Extreme width of engine cat a 8 8 
», height to top of spark-catcher 13 4 
Outside diameter of driving wheels 
original ) eco os ae one 6 2 
Outside diameter of driving wheels 
(altered) ... 1a ose Re eg 6 6 
Outside diameter of steering wheels ... 3 10 
Width of driving wheels, outside armour ae. oF 
Diameter of cylinders... eee sa 0 8 
Stroke of on eee one 0 10 
Diameter of crankshafts... ae ese 0 4 
ms countershafts = «. eve 0 3} 
Average pressure of steam—pounds per 
8 ny pe aa eee ats eee ‘ Rr , 
Ratio of gearing, fast speed... .75 to 
- »  Sslowspeed ... “4.2 


v1 ‘ii >> . (altered) ... weg 
Appendix gives a list of the principal dimensions. As first 
constructed they carried their own fuel and water, but the 
tanks and bunkers when fully loaded brought the total 
weight up to 15 tons, which was too much for the timber 
a> an of the Trunk road where the trains wererun ; and, 
moreover, the excessive weight of the engines ruined the 
rubber tyres. In India the tenders carried 5 tons of fuel 
and water, and thus enabled the weight of the engine 
itseli to be reduced to 9 tons. 

The boilers had steel shells, but Lowmoor iron fireboxes ; 
they were of the form shown, being cylindrical at bottom 
and tapered above. They never gave trouble, although 
they were hardly treated: the water obtainable along the 
line of road was often very bad, and constant heavy blow- 
ing off under high pressure was necessary to keep them 
fairly clean ; yet no defects were developed either by leak- 

, cracks, or any of the usual troubles to which boilers, 
so heavily fired as these were, are liable.* Three of the 
boilers had 225 square feet heating surface, the fourth had 
177 square feet only; all four had 11.25 square feet grate 
surface. The water contained in them weighed about 
13 ewt. at half-gauge height. 

The exhaust from the engines was carried down the up- 
take and turned into a baffle box at its base. The 
blast orifice of this baffle could be regulated by a cone 
rod. The spark-catcher was of the ordinary American 
type, provided with an iron kiln-wire cover. The engine 
motion proper was inverted. It was self-contained, and 
could be easily lifted off the frame. The cylinders were 
cast together, with the slide case in the centre; planed 
lugs on the cylinders were bolted between the wrought-iron 
frame bars of the motion. The lower ends of these bars 
had the crankshaft brasses secured between them by gibs 
and cotters ; the bars, therefore, took the whole thrust and 
pull of the pistons. The upper ends of the guide bars were 
secured to the cylinder covers,.and the lower ends toa 
aera plate, itself bolted partly to the boiler, partly to 
the side frame bars. The crankshafts, as eventually used, 
were 4in. in diameter in all the bearings; as first made 
they were lighter, but they would not stand the torsion on 
the curves of the road. Each crank was carefully balanced 
by segmental balance weights. The connecting rods were 
of the locomotive type, connected to the shafts by turned 
bolts, but adjusted by cotters. The crankshaft carried 
three pinions made of McHaffie’s metal: the inner one, 
between the crank and the frame, was double shrouded 
and geared into a spur wheel of the same metal on a counter- 
shaft immediately below it, while the outside ones, at the 
ends of the crankshaft, and two similar pinions at the ends 
of the countershaft, could be slid in and out of gear with 
the rack circles on the driving wheels, by clutch gear 
worked from the driver’s chair in front of the engine. 
This was so arranged that the driver could throw all the 
four pinions out of gear at once, or could throw the crank- 
shaft pinions i for fast speed, or the countershaft 
ones for slow s , or could throw any one pinion on one 
side into gear by itself whenever it was desired to turn a 
sharp curve. 

The driving wheels were 6 ft. 6 in. diameter measured 
over all, i.e., wheel, rubber tyre, and armour; the width 
over all was 19in. The leading wheel was $ft. 10in. in 
diameter. The wheels were age drums, having low 
flanges to keep the tyres in place. The plate forming the 
periphery, after rivetting up, was turned to a true circle, 
and then drilled full of § in. holes, the edges of which were 
rounded off, and the whole surface highly polished. One 
flange was loose, to facilitate the removal of the tyres. 
These were made in special moulds and of best soft grey 
rubber by the North British Rubber Company. At first 
they were protected on the external surface by chain 
armour, or shoes, made of 5in. by 4 in. steel plates con- 
nected by malleable cast links. These gave great trouble, 
and were superseded by clip shoes, invented by Mr. 
Thomson, each of which clipped the iron periphery of the 
wheel independently. Although an improvement, these 
were greatly modified in India before they became a practical 
success ; still to Mr. Thomson is due the oredit of suggest- 


ng them. 
_ Lhe boilers were fed by Sharp, Stewart, and Co.’s in- 
jectors No. 5. They gave some trouble at first, but when 
placed so that they not to lift, they worked admirably, 
frequently feeding water of 100 deg. to 120 deg. tempera- 
ture. The tender was a simple wagon frame on wheels and 
springs, carrying a rectangular tank of light sheet iron, to 
contain 500 gallons of water. On the top was carried the 
wood, confined by a light railing. The supply pipe from 


* The writer has lately heard that the Lowmoor fire- 
boxes, after being in use about three and a half years, have 
shown cracks extending between the stays, similar to those 
which have been so often complained of with steel fire- 








the tender led from a cock, placed as near the centre of 
motion of its fore-carriage as possible, to a union coupling 
at the back of the engine, and thence direct to the injectors. 
The wood was handed on to the engine as required, and 
slid over the curved wheel bunkers conveniently to the 
hands of the fireman. 

The fuel used was principally acacia and olive of good 
quality ; it was found best to have some heavy pieces 5in. 
to 8in. in diameter and 2ft. long, with a sprinkling of 
smaller stuff to make up holes in the fire. The fuel depdts 
were at every alternate station, or about 14 miles apart. 
The watering stations were 7 miles apart. These were 
simple square wrought-iron tanks, holding about 1000 

lons. They were placed high enough to fill the tenders 

y gravity, for which purpose long wooden spouts were 
eventually found to be best. They were filled by native 
water-carriers on contract, at a cost of 1d. per 100 gallons. 
At the terminal stations, where larger quantities of water 
were required, there were larger tanks filled by bullocks 
hauling the native chursee, or leathern bag full of water, 
by a hide rope working over a pulley conveniently hung 
over the mouth of the well. The water was throughout 
bad, highly charged with sulphates and carbonates, and at 
one station with nitrates. The constant washing out 


rendered necessary by this bad water was one of the great | i 


expenses of maintenance; nearly all boiler fittings, in- 
jectors, gauge and other cocks, &c., had to be taken to 
ieces, cleaned, and greased almost every trip. This, 
owever, varied with the season of the year, as in the 
dry season the water was more highly charged with im- 
purities. 

The driver or steersman sat in a chair in front of the 
engine, so placed that the horizontal steering-wheel lay 
conveniently to his hands. This steering-wheel was mounted 
on the head of the leading-wheel fork, which latter revolved 
in a massive bracket casting, or bridge piece, made of 
malleable cast-iron, and of T section. On each side of the 
chair were arranged symmetrically three levers; of these 
the back lever on the right controlled the link motion, and 
that on the left was the regulator handle; the other 
four worked the pinions, as before described. A tumbling 
lever was arranged so that the wrong pinions could not be 
put into gear together. 

History of the Trials.—The first trial of one of these 
engines took place in May, 1871, and failed by. one of the 
steel axle-boxes seizing on its arm. Cast-iron axle-boxes 
bushed with brags were substituted, with satisfactory re- 
sults. After several short runs the writer took the engine 
by road from Ipswich to the Royal Agricultural Society’s 
Show at Wolverhampton. Several breakdowns 
from the boiler tubes failing to keep tight, and after the 
show it was decided to substitute for the first boilers the 
Field boilers already described. The second engine, 
the “‘ Ravee,” was got ready by September, and after 
several short trials the writer to take this engine 
from Ipswich to Edinburgh and back. There is not space 
to describe this journey at length, but the results obtained 
were valuable. e average consumption of water per ton 
per mile, calculated on the gross weight of the train, was 
as near as possible 17 1b. Some very high speeds were 
obtained, 95 miles being traversed in 9 hours and 50 minutes 
giving a speed of 9} miles an hour, including all s 
stoppages, letting horses pass, easing down through 
villages, &c. One stretch of 16 miles was run within the 
hour, and it is curious that at this high speed the consum 
tion of water, and therefore the train resistance, was the 
smallest noted during the whole journey, viz., 12.31b. per 
ton per mile. The highest speed noted was 2 miles run in 
5 — nt 30 — we at —— oo 22 — an bg 
At the high speeds ing-whee! gave trouble by 
heating and evolving gas. Sobeeguent experience in India 
confirmed this defect, and until the weight on this wheel 
was reduced the tyres would not last. The crankshafts also 
proved too weak, and others were ordered of a stronger 
pattern. The writer returned to India in December, 1871, 
but various causes, especially a severe outbreak of cholera 
among the staff, delayed the opening of the service until the 
end of 1872. Meanwhile the rolling stock had been prepared, 
of course on the most economical scale. Four wagons, to 

6 tons each, were built ; two lighter wagons and three 
omnibuses were adapted from the bullock train ; one large 
omnibus was specially built ; and a large two-wheeled omni- 
bus with rubber tyres, which had been used in the English 
experiments, was completed for Indian requirements. ‘(his 
short supply of rolling stock barely furnished a full train for 
one engine ; in fact, what with wagons under repair, load- 
ing and unloading, the engine had often to go out only half 
loaded. 

In December, 1872, the “ Ravee,” furnished with the above 
supply of rolling stock, was set to work carrying stores 
for the Hussun Abdul Camp of Exercise. She was worked 
almost day and night for six weeks, and shifted a large 
quantity of material with success, the mishaps that oc- 
curred being few and trifling. About the commencement 
of 1873 the second engine, the ‘‘ Chenab,”’ arrived from 
England, and was got to work. Although wagons were 
being turned out as fast as the means permitted, this engine 
had to run some time with a very short train ; and in order 
to make her move a fair weight of material she was run at 
a high s » which she ——— very well. ihe re- 
duction in the weight on the ing wheel removed one 
source of trouble; the new boiler was very economical, 
and altogether the engine promised remarkably well. 
However, she was the victim of a series of accidents from 
causes in no way attributable to herself. Once a driving- 
wheel came off, twice her train became uncoupled, and 
finally her driver got drunk and drove the engine off the 
road, with the result of turning her nearly upside down. 
It was a tedious job to repair her after this last accident 
with the appliances available at hand; but after this re- 
pair she worked for nine weeks night and day, running 
nearly 2000 miles without coming into the repairing shop. 
The writer does not recollect to have heard of any other 


occurred | able speeds, particular 





instance of a traction engine making such a mileage and 
ton: in the same time. 

_ On May 15, 1873, the third engine was got to work, but 
it was now desired to transfer the experiment to the 8th 
Circle Military Works, and a committee was ordered to 
examine and report upon the results obtained, before the 
Government would sanction further expenditure. This 
committee consisted of Colonel (now General) H. Hyde, 
R.E., president; Mr. J. Harrison, C.E; and Major (now 
Lieut.-Colonel) Limond, R.E. They travelled with the 
trains, witnessed experiments, and inspected the work- 
shops. They went through the accounts, and found the 
total expenditure up to date to have been roughly about 
17,0001. They also prepared balance sheets of the work- 
ing expenses over certain months, when it sponeses that 
an expenditure of 5601. yielded in receipts 620/., showing a 
profit of about 611. The rates credited to the train for 
receipts were here calculated at the cheapest rates then ob- 
taiuable for carriage, either by bullocks or camels. 

In the course of their report they stated that the weight 
of the engine had been brought down to 8} tons; and that 
an engines of this weight—the ‘‘Indus”’ w a train 
weighing 64 tons 6 cwt., or, with engine and tender, 
77 tons te (under very unfavourable conditions as to roll- 
ing stock), up an incline of 1 in 33 with great ease at five 
es an hour, which they considered a remarkable result, 
exhibiting the capabilities of this steam train. They 
further stated that the train was worked and managed 
with th» greatest ease; and that it had been found that 
an alternate arrangement of four-wheeled and two-wheeled 
vehicles enabled the train to follow round curves without 
decreasing the circle; so much so that an engine took with 
the greatest ease 15 vehicles into a small enclosure through 
the entrance and round the carriage-drive just as an ordi- 
nary carriage would go. The only difficulty stated to have 
we throughout a number of trips was the oscillation 
of the vehicles at the higher speeds, particularly when going 
down hill. The committee travelled at all speeds from 
three to fifteen miles an hour, and at the higher speeds the 
vehicles towards the rear were found to oscillate consider- 
ably, taking a serpentine course, instead of following 
directly after the engine. 

The result of this report was an order to continue the 
experiments. As soon as the cold weather commenced, the 
two engines that had worked the year before, were again 
put on the road, and they continued running steadily up to 
the time of the writer leaving India in March, 1875. 

The oscillation complained of by the committee was a diffi- 
culty which arose whenever long trains were run at consider- 
i down hill, and it was absolutely 

to overcome it. For the engines had usually as 

heavy a load as they could just draw up the steepest gradient 
on the road withoat coming to a standstill. These gradients 
were of great length, and unless the down gradients could 
be done rapidly, say at 12 miles an hour, the average speed 
became too slow to be profitable. ‘The oscillation was over- 
come by bringing the axles nearer to the end of the wagon, 
so as to reduce the overhanging weight, and further, by 
making the turning circles of the fore carriages of large 
diameter and fitting these circles with a compressor brake, 
which could be slacked off when the train was bein; 
manceuvred or turned in confined spaces, but set up ha 
when it was once on the straight road. After considerable 
experience, it was found that the ordinary cast-iron patent 

e-boxes made in England would not stand the rough 
usage and high s Wrought-iron axle-boxes were 
therefore resorted to. These were welded up from coils, 
Armstrong-gun fashion, then carefully bored out, and after- 
wards case-hardened, and ground on to their arms with 
emery. These were used with great success if the case- 
hardening was properly done. ‘I'hey soon wore to a glassy 
surface and never appeared to wear further ; certainly some 
which had run 1,000 miles when the writer left India 
showed no signs of play, and were very creditable to the 
skill of the native workmen. 


(To be continued.) 








QUEENSLAND RAILways.—The aggregate length of rail- 
rf open for traffic in Qu d at the close of 1878 was 
miles, 290 on the Southern and Western Railway, and 
140 on the Central. This was .71 miles more than in the 
previous year. ‘he average length open during the whole 
year, however, was only 4104 miles, 273% on the Southern 
and Western, and 1364 on the Central lines. Since the 
beginning of the present year, another length—from Miles 
to Dulacca, 27 miles—has been opened on the >outhern 
and Western line; and one of 20 miles—from Comet 
to Emerald Downs—on the Central line will be opened 
very shortly, making the total length now available for 
tratiic 317 miles on the Southern and Western and i60 
miles on the Central, in all 477 miles. The average cost of 
the lines open in 1878 was about 9122. per mile. As the 
average cost of the length open in the previous year was 
over 10,000/. per mile, we see how new lines, constructed 
over easier country and with greater regard to evonomy 
than was shown at first, are gradually reducing the average 
cost of the Queensland lines. In addition to the lines 
actually opened at the close of 1878, contracts had been let 
for the construction of 1694 miles at a total cost of 
691,5651., exclusive of permanent way waterials, buildings, 
land, &c. In addition to this, some 25 miles of tue Central 
Railway were under construction on the small contract 
system. The contracts actually let were: Western Rail- 
way, fifth section (294 miles), 103,210/., Bashford and Co. 
Western Railway, sixth section (324 miles), 93,8211., Bash- 
ford and Co. Stanthorpe line, first section (204 miles), 
178,683)l., Overend and Co. Stanthorpe line, second 
section (204 miles), 105,983/., J. G t. a 
Bundaberp Railwoy, section 1 (44 miles}, 1131280, Over. 
way, bey ? 9 » Vver- 

and and Co, 
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SCAFFOLDING EMPLOYED IN THE ERECTION OF THE PARIS 
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placed it in the bracket on the principal made to re- 
ceive it. They were then atonce bolted up. After the 
purlins came the gutters, but these being heavy (2.14 tons 
instead of from .7 to 1.2 tons) it was not safe to raise 
them by the long 24 ft. jib of the crane. Each length 
was, therefore, taken by the two ends, one from the 
winch on the staging, the other from a rope passing over 
a block fixed in the length of gutter already fixed. The 
horizontal girders, weighing each 4.2 tons, were also 
raised horizontally by winches. In erecting the sash 
frames the same winches were used, combined with 
tackle attached to the gutters. For the lantern on the 
roof a temporary timber staging was laid upon the upper 
pair of purlins for the workmen to stand upon; a block 
was attached to the ridge piece, and the rope passing 
over it was carried down to a small winch on the 
ground. The pieces thus raised were none of them 
more than 220 1b. in weight. After the machine 
gallery came the outer gallery, and the small 
exterior lean-to roof. The various parts of this section 
may be summarised thus, for a bay of 16 ft. 43 in.: one 
roof principal 39 ft. 4,4 in. span, one principal 16 ft. 43 in. 
for the outer roof, one cast-iron column, two wrought-iron 
brackets, an intermediate standard of double T-iron, a 
rolled iron gutter, nine channel iron purlins, and the 
various parts for the glazed lantern. The two principals 
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were rivetted upon the ground. The two brackets were 
also bolted to the columns, rubber washers being em- 
ployed on account of the column serving as a down 
passage for the rain water. 

The Fives Lille Company commenced the work of 
erection on the 30th of April, 1877, and finished the 2nd 
of September following. On an average they put in 
place 20 tons of iron a day. At the commencement this 
figure was not nearly reached, but towards the end it was 
considerably exceeded. 

(To be continued.) 





Tue East River BrrpGgz.—The Brooklyn tower of the 
East River Bridge has just been completed. The New 
York Tower was finished some weeks since. Nothing now 
remains to be done but to complete the approaches, and 
build the superstructure. 





Stream AT New Yorx.—Articles of incorporation have 
been filed of the New York Steam Power and Heating 
Company. Thecapital stock is 5,000,000 dols. divided into 
50,000 shares, and the company is to be in existence-50 
years. Its objects are to convey steam through the 
streets, to heat all buildings, for cooking, heating of water 
in houses, for motive power, for cleaning streets of snow 
and a and for other purposes where steam can be 
applied. 
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HORIZONTAL CONDENSING ENGINE 
WITH COLLMANN’S VALVE GEAR. 

Our double-page engraving this week represents a 
large horizontal condensing engine fitted with Herr A. 
Collmann’s patent valve gear in its newest form, and con- 
structed by the Gorlitzer Maschinenbau-Anstalt und 
Eisengiesserei in Gérlitz. The following are the leading 
dimensions of the engine illustrated : 


ft. in 

Diameter of cylinder 1 11.6 
Stroke fs ake ‘ae es ee 
Diameter of air pump (double-acting) 0 9.84 
Stroke ‘ we ose wei 8 7.3 
Diameter of main bearing 0 8.86 

D a ies 1 BF 
Diameter of crank-pin ... ove 0 5.51 
Length me ie Re 0 7.09 
Diameter of piston rod ... : 0 3.74 
Length of connecting rod tea Pe 9 10.1 
Diameter of flywhee ove eee eee 16 4.8 
Breadth 5 ie 


In its general design this engine is very similar to one 
which we illustrated some time since,* but it has several 
alterations in detail which have been found to be improve- 
ments, especially in the arrangement for working the ex- 
haust valves. The engine has a massive well-shaped 


* See ENGINEERING, vol. xxiv., page 472. 
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girder frame, with bored guides. This is supported at mid- 
length (that is at the front end of the guides) by a sepa- 
rate column having four adjusting screws, and is bolted 
direct to the cylinder front at the back end. The cy- 
linder, which is unjacketted, rests upon a separate cast- 
iron pedestal with which are cast dashpots for the 
exhaust valves. The condenser is placed behind the 
cylinder, the air pump being worked direct from 
the piston rod. The condenser, like the cylinder, rests 
upon a separate pedestal casting ; it is kept in its right 
position relatively to the cylinder by two wrought-iron 
distance stays. The exhaust pipe is turned downwards 
on leaving the cylinder, Fig. 2, carried back towards the 
condenser below the floor level, and connected to a branch, 
Fig. 5,* upon a double-seated valve-box so arranged that 
the steam can be sent at will either into the condenser or 
direct to the atmosphere, so that the engine can be worked 
at pleasure either with or without condensation. 

In principle the valve gear remains as before. There 
are two small eccentrics upon a lay shaft to work the 
four valves, each eccentric working one steam and one 
exhaust valve. The eccentric rod is connected directly 
to one end of a rocking lever, whose other end is coupled 
to the lower of two links forming a knuckle joint. The 
upper of these links is made with a sliding buffer which 
is connected at the top by a pin to the valve spindle, The 
middle pin of the knuckle joint is connected by a link 
toa block sliding on the eccentric rod, the position of 
which is controlled by the governor. By this arrange- 
ment the valve both opens and closes very quickly and 
has a constant lead, while the time of closing is entirely 
under the control of the governor. The valve is closed by 
its own weight aided by the pressure of the light spring 
above the spindle shown in Fig. 1, but the special advan- 
tage claimed for the gear by its inventor is that the speed 
of closing is not left to the spring, or weight, or both to- 
gether, but is determined positively by the gear itself. By 
making the fall of the lower buffer /ess quick than the 
natural fall of the valve, the two remain in contact while 
the valve closes and the shock and wear due to the sudden 
fall of the valve isreduced. For working the exhaust valves 
a link is attached to the underside of the eccentric strap and 
used to give motion to the long lever shown, which raises 
and lowers the exhaust valve through the intervention of a 
cam lever attached to the valve spindle by a pin. The 
shape of this latter lever is so designed that the valve 
moves comparatively slowly when just rising from or 
just coming down to its seat—so as to reduce the blow in 
the last case as much as possible—the rest of its opening 
and closing motion being much quicker, while wher fully 
open it remains nearly stationary. The governor is of 
the loaded crossed type, and is driven by skew bevel 
gearing, Fig. 3, from the lay shaft. It is fitted with a 
small controlling cylinder, shown in section in Fig. 3, to 
prevent its ‘‘ hunting” on account of its sensitiveness. 

The cut-off in these engines varies from 0 to 0.8 of the 
stroke, being in normal work from 0.1 to 0.05 of the 
stroke. The engines which have been constructed of 
the type illustrated work at from 60 to 70 revolutions per 
minute. Herr Collmann is making engines for a much 
higher speed (135 to 150 revolutions per minute) with 
the steam valves actuated in the same fashion as the ex- 
haust valves here, but automatically connected to the 
governor, which we hope to have an opportunity of illus- 
trating at another time. 








NOTES FROM SOUTH YORKSHIRE. 
. SHEFFIELD, Wednesday. 

Depression and its Influence.—A large number of en- 
gineers are out of employment in this town and district, 
= we hear AJ sev : yf firms ange —— 

tives over here for the purpose of e ing this surplus 
labour. Very good terms are offered. it , stated that 
from Bradford alone 300 engineers will be sent at a cost of 
10001. In Sheffield, owing to the depression, a public meet- 
ing has eae to aid working men and their families to 
emigrate. 


The New Hull Railway.—This uew project appears to 
be receiving the approbation of all commercial! interests in 
this district, and the coalowners, as one of the sections 
who ex to be greatly benefited by the ing out of 
the undertaking. are taking up the subject in a spirited 
manner. A deputation of the promoters of the Hull and 
Barnsley Railway has already laid before the South York- 
shire Steam Coal Owners’ Association the plans of the 
proposed new line. Colonel Smith and Mr. Bohn, en- 
gineers, were on the deputation. The master iers 

romised to give the scheme an active support, so that 
Baily the position of the new company gaius strength. 


H. and 8. Barker and Co.—This limited company, of 
Mexbrough, has published its seventh annual report. The 
statement of accounts shows the result of the years’ work- 
ing to be a loss of 6451. 1s. 10d. To meet this loss the 
directors s t the appropriation of 6001. from the present 
reserve fund, and to carry forward 261. 7s. 5d. The 
directors attribute the position to bad trade, and show that 
rigid economies have been enforced in the working of the 
concern, which has a capital of 30,000/., half only of which 
has been called up. 

Th: wwe of Derbyshire Lead Ores.—Some very 
curious facts relative to the working of lead ores in Derby- 
shire have come to light in the course of representations 

* In Fig. 5 this branch is shown at right angles to its 
proper postion, which is that shown in Fig. 2. 








made by a deputation of mineowners to his the Duke 
of Devonshire, lord of the manor. On behalf of the masters 
Alderman Fairburn took up the cope charge of 4d. per 
load, and showed the + inequality of this charge, 
upon low-priced ores, unfit for a reverberatory furnace and 
only fit for a blast. Such ores containing from 5 per cent. 
to 34 per cent. of metallic lead in the assay, in some cases 
slime or sludge containing 5 per cent. and selling for 5s. per 
ton, taking seven mineral loads to the ton, was liable to 
pay a “cope” of 2s. 4d. per ton, let alone one-fiftieth lot 
jm one-fortieth tithe, and the bar-master had satisfied 
himself with a commuted charge of 6d. per ton, which was 
25 per cent. of the net value of such low ores. It was 
shown that some miners out of work at Bradwell were 
working the old exhausted mines on tribute; after selling 
their ores at 36s. per lot and paying dues of “‘lot, cope, 
and tithe,’’ cost of powder, &., they netted 6s. a week 
each. It is thought the duke will initiate some reforms. 





NOTES FROM THE SOUTH-WEST. 

Severn Bridge Railway Company.—The half-yearly 
meeting of this yoy ad was held on Saturday, at Glou- 
cester. Mr. W. C. Lucy, chairman of the company, pre- 
sided. The chairman, in moving the adoption of the re- 

rt, said the bridge was cyesnee ing completion, and the 
eothens hoped that by the 1st of October it would be ready 
for at least goods Cc. 

The Tin-Plate Trade.—A meeting of the tin-plate 
workers of Monmouthshire, Gloucestershire, and Glamor- 
ganshire, was held at Newport, on Saturday, when it was 
resolved to take steps to resist hed ng = reduction. A 
willingness was, however, expressed to submit to arbitra- 
tion. 

Cardif.—Business at this port during the past week was 
better in all branches. The demand for steam coal is 
steadily increasing, and house coal is in good demand at 
current rates. Chartering has been brisk, at an improved 
rate of freight for the Mediterranean andthe East. French 


and coasting freights, however, still keep low, and show no -_ 


signs of improving. Homeward freights from Bilbao with 
iron ore have improved a trifle, but are still very low. 
The Bute trustees, to encourage the importation of timber, 
bave opened a timber float between the East and West 
Dock, which will be found a great boon to importers of that 


article at Cardiff. 


Lifting a Railway Station.—Some time since Mr. C. 
W. Whalley, contractor, of Chepstow, raised Chepstow 
railway station by means of screwjacks. The same thing 
is being done at Port Talbot railway station, near Neath. 
About a fortnight since Mr. Whalley lifted the buildin 
on the down platform; and on Monday he was i 
successful in _— the building on the up platform. The 
building was firmly braced ther, the doors and 
windows were strutted, and “needles” in the shape of 
baulks of timber were put through the foundations ; and 
under the end of each needle, on all sides of the building, a 
screwjack was placed, a man being stationed at each. At 


a signal from Mr. Whalley the men gave a simultaneous | W' 


turn to their jacks, and the building slowly rose. This 
process was repeated till the required height of 2ft. was 
reached, when the station was built up to the same level. 
Both buildings were lifted without a hitch of any kind, and 
Mr. Whalley is preparing to remove the building he has 
just lifted a distance of five yards. 


a on the Taff Vale Railway.—A meeting of the 
Taff Vale Railway employés was recently held at Cardiff 
in reference to a proposed general reduction of wages, and 
a deputation of workmen was appointed to wait on the 
company’s representatives to ascertain what the exact 
nature of the proposed reduction was. No immediate 
reply was given, but on Monday notices were posted at the 
various yards giving the required information. The reduc- 
tion is to be at the rate of 5 per cent. in all departments, 
excepting trainmen and si en in elevated lodges. The 
aggregate number of workmen employed under the com- 
pany is about 2000. Deducting from this the number of 
elevated eignalmen (150), and trainmen (450), it will be 
seen that a total of 1400 men are affected by this notice. 
Now that the particulars are published by the company, it 
is probable that a further deputation of men will await on 
Mr. Riches, superintendent of the locomotive department, 
to suggest a reconsideration of the matter. Other Welsh 
railway companies are understood to be about to make a 
redaction in their workmen’s wages. 


Trade in South Wales.—A correspondent predicts an 
early revival in the industries of South Wales. He says 
that Americans are sending orders for manufactured iron 
of different kinds, and already the managers of the Rhymney 
Works have their hands full, while Messrs. Crawshay con- 
template a resumption of work at Cyfarthfa. 


Newport.—The trade of the week shows a remark- 
able advance upon previous w . and especially in exports 
ofiron. Iron ore, however, came leas freely to last 
week, the figures being respectively 11,180 tons and 4814 
tons. Vessels of tonnage have left with cargoes— 
the Rathmore with tons of coal for Marseilles; the 
Athens, with 1050 tons of iron and 200 tons of tin-plates, 
for Philadelphia ; and a third vessel, with 1000 tons of iron 
and 100 tons of tin-plates for Baltimore. 








NOTES FROM THE NORTH. 

: Giaseow, Wednesday. 

Glasgow Pig fron Market.—The warrant market was 
quiet last Thursday, but improved, and the price closed 
$d- higher than on the previous day. Business was done in 
on rangi ne coment 

. 74d. -one month, . 

and ‘ds. 8d. one month. In the ofemnen 4s. 94. one month 
was paid, and at the close of the market there were sellers 


at 40s. 7d. cash and 40s. 9d. one month, and buyers offer- 
ing 4d. per ton less. Friday’s market was also ‘a little 
firmer, and 14d. ton, the fall over the whole 
week being reduced to . per ton. There were trans- 
actions during the forenoon at 40s. 74d. to 40s. 8}d- 
cash, and at 40s. 10d. one month, and buyers near, and 
business was done in the afternoon at the same prices, the 
market closing with buyers at 40s. 7}d. cash and 40s. 10d. 
one month, and sellers near. There was no market on 
Monday, that being a Bank holiday. When the market 
reopened yesterday there was.a marked degree of 
firmness. The!price was at first 14d. per ton up, and 
subsequently improved 3d. ton further. Business was 
done during the forenoon at 40s. 9d. to 41s. cash, and at 
41s. to 41s. 3d. one month, and at the close there were 
buyers at those prices, and sellers asking 1d. per ton more. 
In the afternoon 41s. 3d. cash and 41s. 44d. one month 
were paid, the market closing with sellers at 41s.3d. cash 
and 41s. 5d. one month, and buyers near. The warrant 
market was i this forenoon, when business was 
done at 41s. 44d. to 41s. 34d. cash, also at 41s. 7d. down to 
41s. 54d. one month, sellers at the close asking 41s. 3}d. 
cash and 41s. 6d. one month, buyers asking 4d. per ton less. 
The afternoon market was firm—sellers at 41s. 4d. cash, and 
buyers 1d. per ton less. A slight advance was made in 
prices last week by some makers, but the demand fell off 
somewhat. The improvement in America is much talked 
of, and considerable shipments are being e of iron ore, 
old rails, and some pig iron; and that may be said to be 
almost the only feature at present characterising the iron 
trade. Shipping iron is in steady demand, and a fair 
amount of business has recently been done in it, while prices 
are tending upwards. Iron still continues to be sent into 
store in — quantity, and the total stock with Messrs. 
Connal ‘and Co. up till last Friday night amounted to 
288,545 tons, showing an increase for the week of 2350 
tons. There is no change to report in the number of blast 
furnaces in operation, the total still being 90 as against 96 
at this time last year. Last week’s shipments to foreign 
rts amounted to 10,670 tons as compared with 5971 tons 
in the corresponding week of last year. 


Northern Lights Commissioners.—During the greater 
part of last week the paddle steamer Pharos, belonging to 
the Northern Lights Commissioners, was laid up in 
Greenock for an overhaul and repairs, and was put in 
sailing trim; and on Friday, after taking in a full supply 
of rom | and other stores, started on a cruise round Scotland 
with the Commissioners on board, who are to inspect the 
various lighthouses under their charge. 


The Agricultural Implement Makers and the Highland 
Society.—At a meeting of the members of the Highland 
and Agricultural Society of Scotland, held during the show 
at Perth last week, it was agreed to yield very much to the 
efforts being made by the Agricultural Implement Makers 
to have bona fide trials of the implements and machines 
exhibited from year to year, and to have the engiNeering 

rofession more fairly represented on the Council of the 

Bociety Mr. George Greig, of Fowler and Co., " 

the principal leader in the movement which has been 
made so successfully. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market. — Yesterday there was a 
thin attendance on ’Change at Middlesbrough. Prices 
were the same as those of last week, although the tone of 
the market was a little firmer. But whatever may be said 
of trade improving in America and France, it can scarcely 
be said to have reached Cleveland, yet as the official 
statistics just issued by the ironmasters showing the make 
and disposal of iron for the month of July will show. 


The Finished Iron Trade.—The finished iron traderemains 
dull, and so severely is the protracted depression felt by 
the employers that they have given notice of another re- 
duction in wages. The matter will shortly come before 
the Board of Arbitration. It is stated that the men intend 
to resist the reduction. With such men as Mr. Trow, of 
Darlington, and Mr. Cullen, of Sunderland, as their ad- 
visers, it is not likely that they will take any indiscreet 
step in their resistance, but they will no doubt loyally 
adhere to arbitration and settle the matter by a battle of 
words and an array of figures. 

Engineering and Shipbuilding.—The prospects of engi- 
neering and shipbuilding do not brighten. Certainly on 
the northern rivers there is a good deal of work going on, 
but fresh orders are not easily obtained even at low prices. 
At some of the shipyards the vacancies caused on the 
stocks by recent launches are not filled. 

The Coaland Coke Trades.—There is no improvement in 
the fuel trade. Coal and coke of every description is 
plentiful and cheap. 








_WARRNAMBOOL.—In a report on Warrnambool Harbour, 
Sir John Coode condemns certain works begun under the 
M‘Culloch Government. He he has “‘ been reluctantly 
brought to the conclusion that the preferable, and, on the 
whole, the most economical course to adopt would be to 
abandon the mode of construction hitherto ny , and 
to utilise the materials, as far as it is practicable to do so, 
in new works. He recommends, outa other things, 
the construction of a breakwater pier, 1800 ft. in length ; 
and estimates that the cost of carrying out his scheme 
would be 280,9007. The scheme that he condemns com- 
prised as its chief feature a breakwater; and Sir John 
points out not that the work was being improperly 
constructed, but that, even if properly made, it would on! 
be a breakwater, whereas the structure he recommends 





wtemea ne, a ~ ye but also as a pier, 
wit quays for loading discharging , vessels 
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BOILER INSPECTION. 

WE pointed out on page 523 of our last volume 
some of the circumstances that have led to the un- 
popularity in certain quarters under which boiler 
inspection and insurance companies labour, and we 
have now to consider the more serious shortcomings 
we then alluded to that have resulted in these com- 
panies being regarded unfavourably by many en- 
gineers, It has more than once been our unpleasant 
duty to call attention. to the very lax system of 
‘inspection adopted by some of the boiler companies, 
This laxity has resulted in the explosion, attended 
in many cases by loss of life, of a great number of 
boilers which the companies have professed to in- 
spect. During the ten years ending December, 
1878, we find that one company had no fewer than 
thirty-three explosions of boilers under its charge, 
by which not fewer than forty-one persons were 
killed, Another company, having a greater number 
of boilers than the other, has had at least twenty- 
five explosions, killing nineteen persons during the 
same period. Some of the explosions, a few of 
which were very slight, were due to causes for 
which the companies were not responsible, whilst 
others were preventible and were due to culpable 
negligence, parsimony, or impecuniosity on the 
of the company under whose inspection the boilers 
were placed, The manner in which those directly 
or indirectly responsible braved out the matter in 
one or two cases at the inquest did not place their 
faithfulness of purpose or their engineering know- 
ledge in a very favourable light. 

From an analysis of the reports for the ten years 
above referred to, we find that there is ac a 
greater immunity from explosion with boilers 
throughout the country that are not insured or in- 
spected than with the boilers that were supposed 
to be inspected by some of these companies, and it 
might be concluded that insurance and efficient in- 
spection cannot go hand in hand. Fortunately, 
however, for the principle of insurance the returns 
of other companies show that their inspection is 


competent to prevent explosions, the accidents that 
have occurred to the boilers enrolled with them 
having taken place in consequence of the owners 
and attendants not having carried out the advice of 
the company’s engineers, and not for want of in- 

tion. We_refrain from giving the exact figures 
of the four principal boiler companies which we have 
analysed, as unfair conclusions might be drawn from 
them, A company in the fortunate position to be 
able to reject any but boilers of approved construc- 
tion, and having a large proportion of its boilers in 
good condition, and under careful management in 
well-appointed mills and works, and where a satis- 
factory thorough annual inspection can be counted 
upon, is placed upon a very different footing from 
another company having most of its boilers at iron 
works and collieries, many of which are notorious 
for the careless management of their boilers, and 
the very slight assistance they afford for having 
their boilers thoroughly inspected. But after 
making every allowance for the difference in the 
class and condition of the boilers and in the facilities 
offered for adequate inspection, we are compelled to 
conclude that such a result as fifty-eight explosions 
and sixty deaths in ten years amongst an average of 
about 18,000 boilers insured and supposed to be in- 
spected by two companies. is a very serious reflection 
upon the manner in which the inspections are 
carried out, and the recommendations for insurin 
the safety of the boilers are enforced. We feel 
justified in saying this from having had good reason 
to conclude that only a very small percentage 
of the boilers in one district, which were of the 
most treacherous class, had been thoroughly in- 
spected fortwo years by the company with which 
they were insured. Unfortunately such facts as 
these do not come to the surface at coroner's inquests, 
or the pressure of public opinion would be brought 
to bear a little more strongly on the manner in 
which certain companies perform what is generally 
supposed to be their duty. Seeing that so many 
explosions have occurred with insured boilers, the 
question naturally arises whether the object of these 
companies is the prevention of explosions and loss 
of life or not? Of course the first object of the 
insurance companies (we do not in this case include 
the Manchester Steam Usérs’ Association) is the 
payment of dividends, since the companies would 
no longer exist, did the shareholders not get a satis- 
factory return in the shape of dividends for their 
money, unless perchance they happened to be boiler 
owners having some other end than dividends in 
view. Yet the engineers of the various companies 
profess that the saving of life and Barend and the 
prevention of explosions are their object, and as 
we cannot question their sincerity we are obliged to 
conclude that the first object of the chief engineer 
is not identical with that of the directors and share- 
holders, 

It has been said that it is not the interest of in- 
surance companies to prevent explosions by com- 
petent inspection, asit is cheaper to pay compensation 
than to pay for inspection. This might true if 
a large proportion of the boilers enrolled were of 
first-rate construction, and were under 
management, where the risk of explosion would be 
very small. But where there is a limited number of 
boilers, and these are of indifferent construction 
and in doubtful condition, efficient inspection will 
pay best in thelong run. A little more money ex- 
pended in inspectors’ salaries would have increased 
the dividends and enhanced the reputation of one 
company at least, with the shortcomings of which 
we are acquainted. 

Against the principle of insurance it has been 
argued that it is the interest of insurance companies 
to encourage explosions, on the ground that were 
there no explosions steam users would not think of 
insuring their boilers, and boiler insurance companies 
would cease to exist. This ent would only 
hold good if there were not sufficient explosions of 
uninsured boilers to induce steam users to seek 
immunity from explosion by insuring. There are, 
however, quite sufficient explosions out of the pale 
of the inspecting and insurance companies to deprive 
this argument of its force, and it is not only the 
direct interest, but the duty of boiler insurance 
companies to prevent explosions by careful inspec- 
tion and by enforcing the carrying out of such mea- 
sures as they may deem nece to insure the 
safety of the boiler. Had all the boiler companies 
carried out,their inspection as they ought to have 
done, and prevented more explosions, they would 





have been held in ter esteem engineers, a 
great many more would have enrolled, 


and there would have been less need of compulsory 
inspection. 

o great difficulties the boiler companies have 
had to contend with are the apathy and indifference 
of the steam user in preparing his boilers for 
thorough inspection, and his unwillingness to incur 
the expense of strengthening the flue tubes, alter- 
ing the setting, and carrying out the other measures 
recommended with a view to insure the safety of 
the boilers. The cleaning of the boilers for inspec- 
tion, and the required strengthening would be more 
rigorously enforced by one company were it not 
that another can be found ready to take the 
risk, and be more lenient in enforcing the carrying 
out of the recommendations concerning the ex- 
pediency of which there is, generally speaking, no 
question. The only way to effectually check the 
evil effects of this competition is to make inspection 
compulsory, and visit the insurance companies with 
heavy penalties in the event of its being shown that 
they have sacrificed the safety of the boiler to the 
boilers user’s caprice, obstinacy, or parsimony. 
Compulsory inspection would enable boiler com- 

anies to insist upon having opportunities and 
facilities for making periodical thorough inspections, 
to the want of which several explosions can be traced. 
We have known cases of insured boilers not having 
been thoroughly inspected for three years. With 
boilers of indifferent construction and in question- 
able condition, such leniency or laxity on the part 
of the insurance company is deserving of severe 
censure, In the event of an explosion of a boiler 
insured under such circumstances, the excuse of the 
company’s engineer would be that no opportunit 
for inspection had been given in spite of repeate 
requests. Compulsory inspection is the only means 
od overcoming such indifference to the safety of the 

iler. 

A boiler inspection company that expends con- 
siderable labour and money in seeing that its recom- 
mendations are carried out, and y mi the boilers 
under its charge in a high state of efficiency, 
naturally expects to be paid at a rate corresponding 
to the outlay involved in performing its duty pro- 
perly, and may look to remuneration in the future 
when the work of inspection will become lighter 
and the risk less in consequence of the improvements 
it has had carried out. It must be v galling 1 ouch 
a company to find another step in, and on the 
strength of the efficient state in which the boilers 
have been placed, undertake to insure them at a 
greatly reduced rate. It would not be surprising if 
the company who has had all the expense and risk 
in the first place should be tempted to lower its 
charge for insurance, and at the same time lower the 
character of its i tion rather than lose its client. 
This must always be one of the great evils of com- 

etition, and since the Government, in one of its most 
= rtant departments, encourages such competition, 
and the evils it leads to, it can scarcely be e 
that all steam users will act in a more enlightened 
manner. The War Office had the numerous boilers 
under its charge ~—— for some time by a 
company we will call A, for a certain sum, when B 
took them at about half the fi Then A retook 
them by quoting lower than B. Eventually C took 
the boilers at a lower figure than either A or B 
could afford to take them at without lowering the 
character of their inspection, 

On several occasions we have been surprised at 
the evidence and opinions as to the cause of explo- 
sion given by the chief engineers of boiler companies, 
their object evidently being to shield the owner at 
the expense of -the fireman, whether killed or not, 
with a view to securing the insurance of the 
boilers. This is another evil produced by competi- 
tion, 

Whilst endeavouring to discharge what we con- 
sider a duty in pointing out some of the short- 
comings of the boiler companies with the object of 
assisting in their rectification or removal, we wish 
at the same time to bear testimony to the great 
amount bef ow - the engineers of these companies 
have eff in preventing a great number of explo- 
sions, and in improving the ment and con- 
struction of boilers throughout the kingdom by 
diffusing the information gathered from wi 
and extensive experience, 





THE THAMES HAVEN WATER 
SUPPLY. 
For several years the Thames Haven Com- 





pany have tly felt the want of a good supply of 
pure water for foreign cattle-landing 
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their own local supply being considerably short of 
their requirements, and being drawn from a com- 
tively surface boring its quality was not the 
t. They have, therefore, had to obtain their 
water from the London, Tilbury, and Southend 
Company's pumping station at Low-street by means 
of trevellin faa which was an expensive process, 
and at the best but a makeshift, To remedy this 
unsatiafactory state of things, the Thames Haven 
Company consulted Mr, W. Barns Kinsey, C.E., 
of Southwark-street, London, with a view to having 
a deep well sunk on their own premises, and thus to 
obtain a sufficient, as well as an efficient, supply. 
Trials had been made for water at Tilbury Fort and 
at Hope Point Battery, but the supplies proving of 
inferior quality it was anticipated that a similar re- 
sult would attend a deep sinking at Thames Haven. 
Mr. Kinsey, however, having advised to the contrary, 
and his report being favourable to a deep sinking, 
the boring was commenced by Messrs. S. F. Baker 
and Sons, in February, 1877, at a distance of about 
450 yards from the river bank and at the surface of 
the marsh. 

The boring was started with a diameter of 16 in., 
and passed successively through light brown clay 
for a depth of 16 ft.; peat, 2ft. 6 in.; soft ooze, 
4 ft. 2in.; grey sand, 25 ft. 10in.; grey clay stones 
and shells, with thin veins of black greasy sand, 
2 ft. 3in.; sand and stones some 34 in, in diameter, 
forming a dark gravel, 2 ft. 6in.; making a total 
depth of 78 ft. 3in. to the top of the underlying 
clay. ‘The boring was lined as the work proceeded 
with cast-iron pipes 16in. internal diameter, having 
turned and bored flush socket joints. A sample of 
the water taken before the pipes touched the clay 
showed on analysis, total solid matter, 3367.0 grains 
per gallon; volatile organic matter, 333.0 grains ; 
chloride of sodium (salt), 1190.0 grains ; nitrogen as 
ammonia, 4.48 grains ; and nitrogen as albumenoid 
ammonia, 2.10 grains. 

The water level in the bore, when at rest, was at 
this time 5 ft. 6in, below the level of the marsh. 
From 78 ft. 3in. to 107 ft. the boring was continued 
through a stiff dark brown clay into which the 16-in. 
pipes were driven to a depth of 12 ft. 3in., or 
90ft. 6in. from the surface, the water being then 

umped out, and the joints of the pipes examined. 
‘rom the bottom of these haw the boring was re- 
duced in size and lined with 9-in. diameter cast-iron 
turned and bored flush-jointed pipes passing from 
107 ft. to 112 ft. 10in. through sand and clay in 
veins ; from 112 ft. 10in. to 114 ft. through sandy 
clay and shells; 114 ft. to 115 ft. Gin. sandy clay; 
115 ft. Gin. to 118 ft. 6 in. sandy clay and pebbles ; 
118 ft. Gin. to 122 ft, Gin, running light-coloured 
sand with water, An analysis of the water at this 
point gave total solid matter, 481.33 grains per gallon ; 
volatile organic matter, 66.60 grains; chloride of 
sodium, 347.61 grains; nitrogen as ammonia, 
3.50 grains; and nitrogen as albumenoid ammonia, 
-28 grains, 

The water level in the bore when at rest was 
6 ft. 4in. from the surface of the marsh. The for- 
mation was from 122 ft, 6in. to 123 ft. 9in. sand 
and oyster shells ; 123 ft. 9 in. to 133 ft. dark sand 
with shell fragments; 133ft. to 136ft. yellow 
ochreous sandy clay; 136 ft. to 145ft. greenish 
sandy clay; 145 ft. to 155 ft. fine green light- 
coloured sands firm and dry ; 155 ft. to 157 ft. dark 
sand and pebbles, with fragments of shells forming 
the basement bed of the Woolwich and Reading 
beds, From 157 ft. to 233 ft. the stratum was a fine 
greenish sand, being a running sand full of water to 
166 ft., more solid and close at 170 ft., very hard and 
dry at 180ft., and from 193 ft. to 233 ft. a running 
sand with water again. The water at 200 ft. was 
salt to the taste, and its level in the bore when at 
rest was 4ft. 8in. from surface, From 233 ft. to 
268 ft. the boring was continued through a greenish 
clayey sand, which at 246 ft. was of a plastic nature ; 
at 253ft. close, dry, and firm; at 256 ft. dry but 
looser ; 259 ft. to 262 ft. bands of hard, dry, sandy 
clay ; and from 262 ft. to 268 ft. more or less rotten 
sand and clay. At 268 ft. a bed of green-coated 
flints was touched, forming the basement bed of the 
Thanet sands, and resting on the chalk at 268 ft. 6 in. 
from the surface of the marsh. The boring was 
continued into the chalk, and the 9-in, pipes driven 
therein 5 ft. 6 in., ora depth of 274 ft. from surface, 
and a joint made between the 16-in. and 9-in. pipes 
with hydraulic cement, the 9-in. pipes being brought 
up to the level of the marsh. The water was now 
0 ed to ebb and flow with the tide to 6in. 
above, and Gin. below, the marsh level; but upon 
testing with a powerful pump passed down the bore, 





it was found that the Thanet sands were drawn 
down into the boring through fissures in the chalk. 
A strong wrought-iron tube with a steel shoe was 
therefore inserted to shut back the sand, and was 
driven 40 ft, into the chalk, a perfect joint being in- 
sured by bringing it up to within 69 ft. of the sur- 
face, and filling the space between it and the cast- 
iron pipe with hydraulic cement, which was found 
to run into the fissures of the chalk, the water level 
in the bore being also higher afterwards. An open 
boring, 6in, in diameter, was continued from this 
joint, passing through a marly chalk to a depth of 
355 ft., to flint water-bearing veins at 360 ft. 

A test was now made of the supply, which was 
found to be equal to 520 gallons per hour at 100 ft. 
deep. The level of the water at rest in the bore 
was 1]} in. above the marsh at high water, and the 
analysis showed a much better result, viz.: Total 
solids 43.0 grains per gallon, volatile organic matter 
1.95 grains, chloride of sodium 17.32 grains, nitrogen 
as ammonia .1000 grains, nitrogen as albumenoid 
ammonia .0074 grains, sulphate of lime 3.0 grains, 
and carbonate of lime 5.80 grains. At 367 ft. the 
chalk was greyish and firm without water, at 426 ft. 
it was hard and white, at 440 ft. hard, at 460 ft. soft 
with flints and water veins, at 475 ft. darker and 
harder, and at 502 ft. flint veins full of water were 
reached, which gave a yield of 1300 gallons per 
hour at 100 ft. depth for the veins at 460 ft., and of 
2200 gallons per hour for those at 502 ft., the water 
level being also higher in the bore, or 1] ft. 2 in. 
above surface at high water. The analysis gave: 
Total solids 42.89 grains per gallon, volatile organic 
matter .05 grains, chloride of sodium 17.44 grains, 
nitrogen as ammonia .0385 grains, nitrogen as 
albumenoid ammonia .0046 grains, sulphate of lime 
2.50 grains, and carbonate of lime 5.80 grains. At 
506 ft. 7 in. the chalk was again grey and waterless, 
at 521 ft. it was white with flintsand water, and at 
529 ft. grey without water at 536 ft. there was 
soft chalk with cavities, the flint veins being further 
apart but full of water, but from 540 ft. to 545 ft. 
the chalk was hard and dark and the bottom dry 
and waterless; at 550 ft. the chalk was softer and 
whiter, and it changed into a white marly chalk at 
566 ft., and socontinued to the bottom of the boring 
at 572 ft. 

The water level had now increased to 1 ft. 7 in. 
above the level of the marsh at high water spring 
tides and at low water 7 in. below surface. The 
analysis of the water now gave: Total solids 43.76 
grains per gallon, volatile organic matter .20 grains, 
chloride of sodium 16.38 grains, nitrogen as ammonia 
.0070 grains, nitrogen as albumenoid ammonia 
none, sulphate of lime 4.47, sulphate of magnesia 
5.34, carbonate of potash 8.00, and carbonate of 
soda 6.04. The hardness of the water before boil- 
ing was 9.3 deg., and after boiling 5.7 deg. Although 
the water overflowed the surface it was found 
possible to exhaust it to a depth of 80 ft. by hard 
pumping. A Leys and connexions were therefore 
~ ay med designed by Mr. Kinsey, and placed within 
the bore at a sufficient depth to insure a constant 
supply. At the same time the pump is so arranged 
that it can be readily lifted for repairs. The pump 
delivers an equal quantity of water at each stroke, 
and is suspended in the bore from a_bedplate 
attached to the head of the bore pipe, the total 
depth of the pump being 198 ft. from the surface. 
The machinery is arranged to allow for the varying 
level of the water, which from overflowing the 
surface is reduced to 100 ft. below or thereabouts, 
and has not been exhausted. The valves and other 
details of the pump can be lifted to the surface for 
examination by means of tackle suspended from the 
stand pipes which are attached to the pump bed- 
plate on either side of the boring, the engine being 
fitted with hoisting gear. The pump valves are con- 
structed of a combination of metal and india-rubber 
chemically united, and work without. shock. 

The engine and pumping machinery are enclosed 
in a corrugated iron building constructed upon a 
solid concrete foundation which rests upon the sur- 
face of the marsh. A louvred ventilator is placed 
in the roof of the building just over the boring ; 
it is hinged to the roof, and can be opened when 
the pump rods are lifted. Messrs. Masefield and Co., 
of Chelsea, were the contractors for the pumping ma- 
chinery and the building. The engine, which is of the 
patent Robey type, is of 4 horse power nominal, and 
is connected to the pumping gear with steel spur 
wheel and pinion, and cuts off at one-third of the 
stroke. Its present duty is 26,000 gallons per day, 
but the water supply and machinery are equal to a 
considerably increased supply if requi The 





work was completed on the 9th of .May last, and 
the Thames Haven Company are now obtaining an 
independent and practically unlimited supply of 
pure water. This will enable them not only to 
satisfy the requirements of the Privy Council as 
regards the watering of a cattle station, but will 
probably lead to the establishment by the company 
of a watering station for shipping at Thames Haven. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

THE summer meeting of the Institution of Me. 
chanical Engineers has, during the current week, 
been held at Glasgow, a city where, as many of our 
readers will remember, a most successful meeting 
was held by the Institution in 1864, under the pre- 
sidency of the late Mr. Robert Napier. The present 
meeting commenced on Tuesday last at the Cor- 
poration Galleries, Sauciehall-street, where the 
members were received by the Lord Provost of 
Glasgow, the Hon. W. Collins, and by the President 
of the Institution of Engineers and Shipbuilders in 
Scotland. The proceedings were commenced by the 
delivery of a short address of welcome by the Lord 
Provost, in the course of which he alluded to the 
intimate connexion of Glasgow with the early his- 
tory of the steam engine, and particularly with the 
labours of James Watt and Henry Bell. The speech 
of the Lord Provost was suitably replied to by the 
President, Mr. John Robinson, who aptly remarked 
that although the Institution had last year ‘‘ met in 
‘*a more sunny capital | sag yet he did not think 
‘* that on this occasion they should suffer from want 
“of warmth, although in Glasgow this warmt 
‘‘ might come from the heart instead of from the 
“sky.” A vote of thanks to the Lord Provost and 
the Corporation, and to the Institution of Engineers 
and Shipbuilders in Scotland, having been carried by 
acclamation, and the list of newly elected members 
and minutes of the last meeting having been read, 
the President proceeded to deliver his address. 

In this address, which we give in ertenso on page 
117 of the present number, Mr. Robinson dwelt 
especially on the advantages to be derived from 
cheap transport, his address being entitled ‘‘ Cheap 
Internal Transport considered as a Necessity for the 
Prosperity of a Country.” In this address Mr. 
Robinson especially advocated the construction and 
employment of light local lines cheaply constructed, 
but capable of serving as useful feeders of the main 
lines. The view taken by the President was en- 
dorsed by Mr. David Rowan, who, in replying, 
took occasion to observe that by the adoption of 
the principle which Mr. Robinson suggested the 
cost of transit could be decreased and the activity 
of our manufactures much promoted. 


MARINE ENGINE GOVERNORS. 


The main object of these meetings, namely, the 
reading and discussion of the papers, was then pro- 
ceeded with, the first paper read being one by Mr. 
D. J. Dunlop, of Port Glasgow, ‘“‘ On the Pneumatic 
Marine Governor.” This paper, which we reprint 
in extenso on page 118 of the present number, de- 
scribed a form of marine governor, the action of 
which depended upon the greater or less compres- 
sion of the air contained in an air chamber disposed 
near the stern of the vessel, this compression vary- 
ing according to the depth which the screw is 
immersed. ‘The air chamber just mentioned com- 
municates with an apparatus placed in the engine- 
room, this apparatus consisting of a casing divided 
into two parts by an india-rubber diaphragm, which 
is forced down by a spring, the pressure of which is 
adjustable. The air chamber already mentioned is 

laced in communication with the space below the 
india-rubber diaphragm just referred to by a suitable 
pipe, the effect being that if the pressure in the air 
chamber falls the diaphragm is depressed, and by 
means of suitable arrangements the throttle valve 
is closed and vice versd. Mr. Dunlop supplemented 
his paper by an explanation of a sample governor 
exhibited, this governor being actuated by the 
greater or less immersion of a small air bell or 
chamber in a tank provided for the purpose. In 
the example exhibited the connexion between the 
governor proper and the air vessel was made by 
48 ft. of india-rubber tubing, and working through 
this length of tube the action of the governor was 
exceedingly rapid. We illustrated and described 
Mr. Dunlop’s governor on page 187 of our eighteenth 
volume, 

Mr, Dunlop's paper was followed by one by Mr. 
F. W. Durham, ‘‘ On the Velometer Governor,” an 
apparatus of which we published an illustrated de- 
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scription on page 131 of our twenty-fifth volume. 
The discussions on Mr. Dunlop’s and Mr. Durham’s 
apers were taken together, the first speaker being 
Mr. Wilson, who agreed with the principles of 
Mr. Dunlop’s governor as one well meeting the 
requirements of the case. The next speaker was 
Mr. Boyd, who referred especially to an arrange- 
ment designed by Mr. Durham for controlling 
compound engines, the governor in this case not 
merely closing the throttle valve, but also placing 
in communication the top and bottom of the low- 
pressure cylinder, and placing the piston of that 
cylinder in equilibrium. To this arrangement Mr. 
Boyd objected as one likely to give trouble, and he 
inquired whether Mr. Durham had ever tested the 
arrangement in practice. To this Mr. Durham re- 
= that the arrangement referred to had not 
een yet tested in practice, but that it was being 
fitted to the Peshawur by Messrs. Caird and 
Co., and that it would soon be tried. Mr. Boyd 
was then in his turn asked by Mr. Arthur Paget to 
explain in what way the action of the governor was 
likely to prove dangerous, and in response to this 
query, Mr. Boyd stated that he considered that 
the placing in equilibrium of the low-pressure 
piston of a compound engine, in the manner 
described, would result in a sudden stoppage, 
throwing a severe strain on the working parts. 

The next speaker was Mr. E, A. Cowper, who com- 
mended Mr. Dunlop’s governor, and referred espe- 
cially tothe promptness with which the variations 
of air pressure in the air vessel were transmitted 
through the communicating pipe to the governor 
proper. Mr. Cowper added that Mr. Dunlop’s 
arrangement reminded him in some respects of Jen- 
sen’s governor, respecting which a paper was read 
before the Institution some twenty years ago. As 
regards Mr. Durham’s governor, Mr. Cowper con- 
sidered that it was somewhat complicated, but that 
it would probably be very prompt in its action. 
Mr. Boyd’s objection to the arrangement which 
would enable the two sides of a low-pressure piston 
to be placed in communication, Mr. Cowper did not 
consider to be a valid one, and he pointed out that 
the proportion between the area of the low-pressure 
piston and the ‘equilibrium pipe”—as it may be 
termed—was such that no sudden action could take 

lace. . 

. Professor Unwin considered that the air vessels 
employed by Mr. Dunlop were rather large, and he 
suggested that in place of these air vessels a pump 
constantly forcing air into the pipe leading to the 
governor might be employed, the pressure in this 
pipe at any given instant depending upon the depth 
of immersion, at that moment, of the outer end of 
the pipe, this pipe being in free communication 
with the sea in the neighbourhood of the screw. 
Mr. J. McFarlane Gray, who spoke next, also re- 
ferred to the air vessels, and stated that he had 
been surprised to note the promptness of the trans- 
mission of the variations of pressure from the air 
chamber to the governor proper. He had himself 
done something towards designing an arrangement 
acting in a similar way, the transmission of power 
being, however, in his case effected by water in 
place of air. He had, he added, made many in- 
quiries as to the action of the governor designed by 
Mr. Dunlop, and he was glad to say that the reports 
were uniformly satisfactory. 

After some remarks from Mr. Lawrence Hill, 
which were too indistinctly heard to admit of our 
summarising them here, Mr. Dunlop replied to the 
discussion, Experiments had shown, he remarked, 
that the action of his governor was practically in- 
stantaneous, the movement of the throttle valve 
being effected at once on the air chamber rising 
and falling. To adapt the arrangement to vessels 
of different sizes and powers of engines he employed 
three sizes of, air chamber only, the communication 
pipes being duly proportioned to the sizes of the air 
vessels, &c. ‘The different sizes of air vessels and 
communication pipes had been tested with 200 ft. 
of piping, and it was found impossible to detect by 
sight any delay in the action of the throttle valve. 
The arrangement suggested by Professor Unwin, 
Mr. Dunlop considered impracticable unless exceed- 
ingly powerful pumps were employed, as at each 
rise of the outlet of the pize above the water line, 
the whole of the compressed air would be discharged, 
and on the stern again dipping the throttle valve 
would remain closed until the pump had raised the 
pressure in the pipes again. This would involve 
delay. They had now, he added, between 160 and 
180 of these governors at work and they were all 
doing well. He was quite aware that governors 





somewhat similar in principle had been previously 
proposed and patented, but in his apparatus the 
special feature was the transmission of the power 
by a pipe containing air in a greater or less state of 
compression, and this he considered was novel. In 
former governors of the type under consideration, 
rods had been used for the transmission of move- 
ment to the engine-room, but these did not answer 
well, and water was too sluggish. 

Mr. Durham also replied to the remarks which 
had been made, and in reference to the observations 
of Mr. Boyd, he stated that the low-pressure cylin- 
der of the Peshawur was 104 in. in diameter, while 
the pipe for placing the top of the cylinder in com- 
munication—the pipe to which the valve actuated 
by the governor was fixed—was 4 in. in diameter. 
As Mr. Cowper had observed, the low-pressure 
piston was thus by no means suddenly placed in 
equilibrium, and no sudden stoppage of the engine 
need be anticipated. Up to the present 407 vexsels 
had been fitted with the velometer governor, and 
they were all doing well. In about a hundred and 
thirty cases the velometer had been applied under 
the conditions that they should be removed free of 
cost if they did not act properly; but not one of 
these governors bad yet been returned, 

After a few remarks from the President a vote 
of thanks was awarded to Mr. Dunlop and Mr. 
Durham for their respective papers. 


Tue REGULATION OF WATER PRESSURE, 


The next two papers read were one by Mr. 
Stephen Alley, of Glasgow, ‘‘ On the Maintenance 
of Constant Service in Water Service Pipes,’’ and 
one **On the Barton Water Regulator or Reducing 
Valve” by Mr. W. H. Thomas, of London. We 
reprint these two papers in another part of the 
present number, and we need not therefore sum- 
marise them here, especially as they were both 
essentially descriptive papers. Relating as they 
did to kindred subjects it was decided to discuss 
these two papers together, and this was accordingly 
done, the first speaker being Mr. J. McFarlane Gray. 
Mr. Gray remarked that the two varieties of reduc- 
ing valve which had been described would be readily 
recognised by engineers as being identical in prin- 
ciple with the steam-reducing valves of which many 
varieties had long been in use. It had been stated, 
he observed, that when reducing valves were em- 
ployed, the losses from leakage were diminished in 
proportion to the decrease of pressure, but this was 
not strictly accurate, the loss from leakage being 
proportionate to the square root of the pressure, 
and not to the pressure directly. He also made 
some remarks as to the details of Barton’s valve, 
and inquired as to the durability of the diaphragms 
employed. 

‘he next speaker was Mr. Mair, who took excep- 
tion to the balance — employed in the valves 
described by Mr. Alley. The friction of such pistons 
packed by cupped leathers was, he remarked, a 
very variable quantity, and it was sometimes exces- 
sive. With regard to the remarks made by Mr. 
Alley in his paper as to the impracticability of con- 
trolling the outlet pressure by directly weighting the 
valve, he (Mr. Mair) observed that his firm (Messrs. 
Simpson and Co.) had made numbers of reducing 
valves so weighted, and they had answered well. 
He concluded by inquiring if Mr. Alley had ever 
tested the working of the valves he described by 
taking readings of pressure gauges off the two sides, 
and if so, what were the results ? 

Mr, Walter Macfarlane then advocated the em- 
ployment of a series of distributing reservoirs at 
different levels to control the supply of water to 
large towns. Reducing valves he regarded as com- 

licated, and liable to failure, whereas the distri- 
Cotiog reservoirs acted by the powers of nature, 
His own experience was that more water was wasted 
than was actually consumed, and in his own works 
at Glasgow he had not a single overflow pipe fitted 
to the various services, the water being turned off 
at night in the same way as the gas. Mr. Arthur 
Paget, who spoke next, said that he failed to see 
how the reservoirs at different levels proposed by 
Mr. Macfarlane acted by the “ powers of nature” 
more than the reducing valves, while he felt per- 
fectly staggered at the number of reservoirs and the 
complicated system of service pipes which Mr. 
Macfarlane’s system would involve. In the case of 
large houses built in flats, such as existed in Glasgow, 
it would be necessary either to connect the different 
floors to different reservoirs by special services, or 
to provide distributing reservoirs within the houses 
themselves, Either idea was sufficiently appalling 





to any one but the engineer who had the carryi: g 
out of such an arrangement. The fact was, how- 
ever, that a reducing valve acted as the equivalent 
of such a series of reservoirs as Mr. Macfarlane 
advocated, and it was a cheap and practical sub- 
stitute for such a system. Mr. Macfarlane here ex- 
plained that he did not contemplate the use of such 
an extensive series of reservoirs as appeared to be 
supposed, but that such reservoirs should vary in 
level by about 100 ft., one being at an elevation of, 
say, 100 ft., another at 200 ft., and so on, 

Mr. R, E, Crompton, who spoke next, referred 
to the employment in the valves described by 
Mr. Alley, of balance pistons working in cy- 
linders lined with gun-metal. He, Mr. Crompton, 
had found in practice, that in such an arrangement 
the cylinders became more or less worn at the 
point where the ordinary travel of the piston 
took place, while a ridge was formed above and 
below, the effect being that when from any cause 
the piston travels further than usual it sticks ononeor 
the other of these ridges. He had himself had many 
failures from this cause. In the case of the valves 
described by Mr. Alley it would be necessary to 
either allow the pistons to be loose or to trust to cu 
leathers to insure tightness, and cup leathers in suc 
a situation were a source of great trouble. The view 
taken by Mr. Crompton was endorsed to some 
extent by Mr. E. A, Cowper, but Mr. Cowper con- 
sidered that in large valves, such as Mr. Alley pro- 
posed to make on the plans he had described, the 
frictional resistances of the cup leathers would be of 
less importance than in small valves. The Barton 
and West reducing valves, described by Mr. Thomas 
in his paper, Mr. Cowper considered to be very 
useful appliances, meeting the requirements which 
had been set forth by Mr. Macfarlane. By the use 
of such reducing valves it was rendered possible to 
employ ordinary fittings in place of the more ex- 
pensive class of fittings necessary when a very high 
pressure had to be dealt with. 

Mr. Alley then replied to the remarks which had 
been made, and acknowledged that there was no 
doubt considerable friction in the cup leathers used, 
but this he stated was allowed for in determining the 
size of piston used. On this, Mr. Mair inquired how 
the difficulty of the difference between the static 
and the moving friction of the pistons was got over ; 
but on this point no explanation was given. r, 
Foulis, the inventor of the valves described by Mr. 
Alley, then made a few remarks, and stated that 
some of these valves had been at work six or eight 
months and were doing well. Mr. Barton als, in 
the absence of Mr. Thomas, replied to some re- 
marks on the Barton and West valve, and read at 
length the report of Messrs. Easton and L. F. 
Vernon Harcourt referred to in Mr, Thomas’s paper. 
Lastly, the President spoke of the importance at 
the present time of the subject dealt with in the 
two papers just described, and proposed a vote of 
coe to the authors, which was carried unani- 
mously. 

Barton AND WEstT’s WATER METER. 

The last paper read on Tuesday was one by Mr. 
W. H. Thomas, ‘‘On Barton and West’s Water 
Meter,” this paper being taken out of its turn to 
accommodate Mr. Barton, who would not have been 
able to be present had it been read on another day. 
This paper we also print in extenso, and all we 
need say concerning it here is that it described a 
simple form of water meter of the type in which the 
passage of the water causes the movement of a piston 
in acylinder, the valves controlling the admission 
of the water to and its release from the cylinder 
being actuated by the piston, The discussion turned 
chiefly on details of construction, and it would be 
difficult in the absence of the diagrams specially 
referred to, to make clear the points dealt with. 
We shall, therefore, condense our notice of the 
discussion as much as possible, 

The first speaker was Mr, Parsons, who inquired 
at what amp speed the meter could be worked, as 
in this class of meter if the piston speeds were low 
the apparatus became very bulky. Professor 
Kennedy drew attention to the statement made in 
the paper that the ‘‘spring of the phosphor-bronze 
6 y which the valves are connected making the 
‘action quite instantaneous.” In reply to this, Mr, 
Barton gave a further description of the construc- 
tion of the valves, and made clear several points not 
fully dealt with in the paper itself. Mr. Welch, 
who spoke next, pointed out that in the Barton and 
West meter, it was only the number of strokes 
made which was registered, and it was therefore 
essential for accuracy that each stroke should be a 
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full stroke. In the Kennedy meter, on the other 

hand, it was the distance traversed by the piston 

which was registered, and hence it was not essential 

that all the strokes should be of uniform length as 
in Barton and West's arrangement. 

Mr. Arthur Paget inquired what was the ratio 
between the diameter of the piston in Barton and 
West’s meter and the diameter of the pipes connected 
to it. He also referred to the incompleteness of the 
diagrams by which the paper under discussion was 
illustrated. ‘The early part of Mr. Allen’s paper, he 
added, appeared to summarise very fairly the advan- 
tages to be derived from the use of meters, and he 
urged the use of such meters generally, and spoke 
of the benefits which had been found to accrue from 
their employment at Loughborough. Mr. Jeremiah 
Head pointed out that in the case of Kennedy's 
meter, it had been sometimes asserted that it could 
stick and still pass water, and this statement had 
even been made the excuse for fanciful alterations 
of the index readings by water works inspectors. 
In the case of meters for general use he considered 
that the index should be so arranged that it could 
not be tampered with. He also referred to the want 
of a good meter which would deal with hot water 
and be available for measuring feed water. 

After a few remarks from Mr. Cowper and Mr. 
G. D. Hughes, Mr. Barton replied to the discussion, 
and gave further explanation as to the mode in which 
the valves of the Barton and West meter are 
actuated. He did not claim, he said, to have pro- 
duced a perfect meter, or one which was perhaps so 
delicately accurate as Kennedy's, but one which was 
of much practical value. ‘The meter which had been 
tested in the manner described in the paper passed a 
cubic foot of water for every 16 strokes, and it had 
been run at the rate of 66 strokes per minute. A 
meter for a 4-in. pipe had a 4-in. cylinder, and 
weighed 22 lb., while its cost was 2/.5s. In some 
cases, he added, as, for instance, when the supply of 
water for a boiler passed through a meter, it would 
be dangerous if the supply was entirely shut off in 
the event of the meter sticking. A vote of thanks 
was then proposed to Mr. Barton by the President, 
and this being duly accorded, the meeting was ad- 
journed until the following day. 

The afternoon of Tuesday was devoted to visits 
to various works in the neighbourhood of Glasgow, 
three alternative excursions being provided. Of 
these the first included visits to the North British 
Railway Works at Cowlairs ; the works of Messrs. 
Walter Macfarlane and Co., at Possil Park ; Messrs. 
Neilson and Co.’s Locomotive Works, at Spring- 
bairn ; and the Caledonian Railway Locomotive 
Works, at St. Rollox. Excursion No. 2 was to the 
Govan Iron Works and the Glasgow Locomotive 
Works of Messrs, Diibs and Co., while the third 
excursion, which was the most largely attended, was 
to engineering and shipbuilding works at Govan, 
including Messrs, R. Napier and Co., the London 
and Glasgow Shipbuilding and Engineering Com- 

ny, and lastly, but by no means least, Messrs. 
John Elder and Co, The demands upon our space 
this week compel us to defer accounts of many of 
the works visited, but we subjoin a short notice of 
the visit to the shipbuilding yards at Govan. 


Tue Surpsurtpine YARDS AT GovaN. 

A large party of members and others, as was to 
be expected, accepted the invitation of Messrs. R. 
Napier and Sons, to witness the launch of the 
Pacific Steam Navigation Company’s new steamer 
Pizarro, which took pe during the afternoon. 
The Pizarro is a vessel of 3400 tons displacement, 
her dimensions being, length 340 ft. between per- 
pendiculars, and beam 40ft. She is one of # pair 
of similar steamers at present being built by 





Messrs. Napier for the Pacific Company, and has | pa 


been built entirely of “mild steel,” the material 
employed being that made by the Steel Company of 
Scotland by the Siemens-Martin procéss. She was 
christened by Mrs. Milne, and went down her ways 
in splendid style. In proposing success to the 
ship and her owners after the launch, which fol- 
lowed, Mr. A. C. Kirk said that the steel had 
all been tested at the works, and out of that 
which, having passed the tests (the vessel has been 
built under the Live 1 rules) had come to the 
yard, not one single plate or angle had been found 
faulty, or had given any trouble whatever. ‘Ihe 
owners had in this case saved some 200 tons of hull 
weight, and could therefore carry 200 tons more 
paying cargo, as com with an iron ship of the 
same dimensions. @ same company, which had 
been the first to adopt compound engines freely and 








unreservedly, were now among the foremost to take 
advantage of the use of steel instead of the older 
material. Mr. West (of Liverpool), in returning 
thanks afterwards, added that the Pizarro had been 
built entirely to decimal measurements, and that no 
difficulty whatever had been found—from first to 
last—in dealing with them, Messrs. Napier are also 
making, in their works on the north side of the river, 
the engines. for these two Pacific steamers. They 
are vertical inverted compounds, of 2000 indicated 
horse power, having a piston valve (with separate 
cut-off valves working inside it) for the high-pressure 
cylinder, 

It is worthy of special mention that Messrs. 
Napier have used for all the smaller smithed work 
about these and other engines (levers, rods, weigh- 
shafts, &c.) scrap steel worked up and forged in the 
usual way, and they say that they have not found 
any difficulty whatever in welding and working it. 
They have also in their erecting shop, rapidly 
approaching completion, the engines of H.M.S. 
Miranda, now building at Devonport. In these 
engines, which are compound horizontals, it is note- 
worthy that the cylinders are connected to the 
bearing frames direct by (comparatively) light 
wrought-iron stays, shaped so as to form crosshead 
guides, instead of by the usual large and heavy cast- 
iron frames. 

A number of those who had shared Messrs. 
Napier’s hospitality afterwards went down to see 
Messrs, Elder’s yard, where unfortunately there 
was comparatively little to be seen except the 
immense shops waiting for the time when 
they may again be as filled with work as they 
were a few years since. The erecting shop here, 
which has often been mentioned in our columns, 
is one of the finest of its kind in the country, but it 
is standing just now almost empty. The immense 
tracing lathe (about 15 ft. in diameter—62 cutters) 
attracted a good deal of attention—it was not, how- 
ever, at work. The erection of a pair of engines for 
the large vessel which they have on the stocks for 
Donald Currie and Co., was just commencing, and 
the boilers for them were in shell, rivetted up. 
The latter had some special features. They are 
double-ended boilers, about ]5 ft. in diameter, and 
having three furnaces at each end, the furnaces 
themselves being on Fox’s system (corrugated 
plates). ‘The shell plates are 1} in. thick, rivetted 
(by one of Mr. Tweddell’s hydraulic ag 
with 1} in., rivets, two rowsin the ring seams, an 
three in the longitudinal ones, At the longitudinal 
joints in the smaller shell rings, the plate which 
comes outside, instead of being carried under the 
plates of the outer shell rings at the ring seam on 
each side (thus giving an awkward corner with three 
thicknesses of plate) was chipped right away before 
passing under the adjacent shell plates, so that the 
maximum thickness deavegh which the rivet passes 
does not exceed that of two plates. The plan is a 
bold one, and certainly shows the confidence which 
the makers feel in the soundness of the rivetting 
which they are making. The Orient, which is lying 
up at the yard for considerable repairs, was also 
visited by a number of the members, 


On Wednesday, the 6th instant, the reading of 
the papers was resumed, the first paper read being 


Crankshafts,” which elicited an excellent discussion. 
A paper by Mr. John Hastie, of Greenock, “ On 
Water Pressure Engines with Variable Stroke” was 
then read and discussed, the engines described in 
this paper being those of which we gave an illus- 
trated account some time ago (vide page 368 of 
our twenty-sixth volume). Lastly there was read a 
per by Mr. R. E, Crompton, ‘* On the Working of 
Traction Engines in India,” the discussion on this 
paper being, however, adjourned until yester- 
day. We are compelled to pospone until next 
week our report of the discussions on Mr. McLean’s 
and Mr, Hastie’s papers. 
For the afternoon of Wednesday two alternative 
excursions had been arranged, one being to the 
works of the Steel Company of Scotland at Newton, 
near Glasgow, and the other to the North British 
fron Works, the works of the Coatbridge Tin-Plate 
Senge and those of the Summerlee Iron Com- 
y, Messrs. Neilson and Co., and Messrs. W. 
ird and Co., of Gartsherrie. Of the Coatbridge 
Tin-Plate Company’s works we give some particulars 
on page ]15 of the present number, and we also 





annex a description of the works of Messrs, Denny 
Brothers, of Dumbarton, visited yesterday. 


oneby Mr. W. L. E. McLean, ‘On the Forging of | pair 


DENNY AND CO.’S SHIPBUILDING 
YARD. 


On Thursday the 7th inst., after the morning 
meeting of the Mechanical Engineers, many of the 
members visited the shipbuilding and engineering 
works of Messrs. W. Denny and Brothers, Dum- 
barton, where a large amount of work is being per- 
formed of the most interesting and diversified 
character. Indeed, at a time when the shipbuilding 
trade throughout the country is at a lower ebb than 
it has seen for many years, when numbers of yards 
on the Clyde are practically closed, and when many 
on the north-east coast are doing but little, it is 
surprising to see how busy the little town of Dum- 
barton is kept going. It would be invidious to 
dilate upon the causes of this, but it is sufficiently 
well known that Mr. W. Denny, with enormous 
application and mer f throws his whole heart 
into the business of the building yard, and is fore- 
most among Clyde shipbuilders in the determination 
to compete, and compete successfully, against the 
enterprising builders of the Tyne, Wear, and Tees, 
in spite of some disadvantage as to the cost of iron, 
Energy and enterprise when tempered by ability 
and shrewd business qualifications always count for 
much, and especially in large establishments, for it 
affects and imparts enthusiasm to the whole organi- 
sation. Messrs, Denny are busy both in shipyard 
and engine works, and are equally fortunate in the 
management of both, and bid fair to turn out as 
much work this year as they have done even in the 
most prosperous times. 

They have at the present moment ten ships in 
hand, and of these no less than nine are of steel. 
The following are some of their particulars, and it 
will be seen they vary in size and type from light 
draught steamers for the Irrawaddy, to Feslowsis and 
Oriental, and Transatlantic liners, First, wemay men- 
tion a large awning-decked steamer building of steel 
for Messrs. James and Alexander Allan, of moulded 
dimensions 385ft. by 42ft. by 34 ft., classed 100 Al 
at Lloyd’s, and built with a continuous cellular 
double bottom worked into the structure of the 
ship throughout her length. She has also deep 
plate frames 12 ft. apart, and intercostally-arranged 
side stringers, in addition to the ordinary frames 
spaced 24in, apart. The construction of the double 
bottom, and the arrangement of deep web frames 
and intercostals, as carried out in this vessel, are 
two of the greatest improvements introduced of late 
years in mercantile ship construction. This double 
bottom construction has been already fitted to 
several ships, and is being rapidly adopted by other 
builders, especially since Messrs. Denny challenged 
the Board of Trade as to the tonnage measurement, 
and compelled the Government to measure only to 
the top of the inner bottom instead of down to 
where ordinarily the top of the floors would be. 
This is a matter of importance to the tonnage dues, 
especially where the vessels perform short voyages, 
or trade through the Suez Canal. We have not 
space at present to describe and illustrate in detail 
the system of construction here alluded to, but we 
hope soon to be in a position to describe it from its 
first introduction, and illustrate the various modifi- 
cations that have been introduced to meet the re- 
quirements of various sizes and types of ships. The 
machinery of the Allan steamer will consist of a 
ir of compound surface-condensing engines— 
cylinders 51 in. and 88 in., stroke 54 in.—having two 
double-ended steel boilers, with 8100 square feet of 
heating surface. The gross tonnage of this steamer 
will be about 4000 tons. She is now nearly all 
plated and rivetted. Next in point of size is a 
screw steel steamer for the Peninsular and Oriental 
Company, of moulded dimensions, 380 ft. ef 40 ft. 
by 28ft. 2in., to be classed 100 A 1 at Lloyd's. 
This steamer is, with the exception of the arrange- 
ment of deep web frames, Sclee constructed on 
exactly the same system as the above-mentioned 
Allan steamer, and has a continuous cellular double 
bottom throughout her length worked into the 
structure, She is the ninth steamer constructed 
with this system of double bottom within two years 
by Messrs. Denny. She will have a long poop, 
topgallant forecastle, and midship house, and w 
be fitted with a pair of compound surface-con- 
densing engines, having cylinders 54in, and 94in. 
diameter, and 5 ft. stroke, with six iron boilers. 
At present her keel is being laid. : 

urther advanced, but of smaller dimensions, is a 
steel screw steamer, classed 100 A] at Lioyd’s, 





with flat plate keel and o* bilge keels. Moulded 
dimensions 270 ft. by 34 ft. by 25 ft. This steamer 
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is constructed with a continuous double bottom, the 
same as the foregoing, and is just in frame. She 
will have a pair of compound surface-condensing 
evgines, having cylinders 364in. and 63 in. in 
diameter, 52 in. stroke, and four boilers of iron 
having 5000 square feet of heating surface. Her 
owners are the Union Steamship Company of New 
Zealand, the owners of the Rotomahana, a vessel 
just completed by Messrs. Denny, which did a 
mean speed of 15.4 on the measured mile, and is 
for her size the fastest ocean-going steamer 
afloat. She has been much admired for her 
yacht-like appearance and beautiful fittings, and 
in spite of heavy weather recently made the fastest 
passage on record by several hours from the Clyde 
to Gravesend. 

Next in importance come a group of five light- 
draught steamers building of steel, tobe shipped 
abroad. 1. One paddle steamer of moulded dimen- 
sions 250 ft. by 30 ft. by 9 ft. Her sheer is reversed 
and droops towards the ends. Her strengthening is 
principally obtained by forming the coal bunker 
bulkheads, at the sides of the engines and boilers, 
into two continuous bowstring girders which run 
nearly from end to end of the steamer. Her engines 
consist of a pair of compound diagonal jet-condens- 
ing engines, having cylinders 34 in. and 59 in. in 
diameter and 54in. stroke. These engines are 
framed almost entirely out of the hull, a method 
which strengthens the hull and saves weight. 2. 
Two steel paddle steamers 160 ft. by 24 ft. by 8 ft. 
— steel paddle steamers 160 ft. by 26 ft. by 
8 ft. 

These four steamers have engines similar to the 
first, only smaller, and constructed in much the same 
way. All the foregoing five paddle steamers are 
building for the Irrawaddy Flotilla Company, and 
will be shipped in pieces to Rangoon. 

Besides these W. Denny and Brothers are con- 
structing a small and peculiar paddle steamer in 
steel for Mr. W. J. M. Larnach, of Dunedin, New 
Zealand. She is intended for ferry service there, 
and is designed to run on a draught of 2 ft. 4 in. 
fully coaled, and with her complement of passengers 
on board. Her moulded dimensions are 80 ft. by 
15 ft. by 8 ft. amidships, and 5 ft. at the ends. Her 
peculiar design arises from the fact that several con- 
flicting requirements were insisted upon in her, 
Besides the extremely light draught already men- 
tioned, two different decks were required ; one for 
first-class passengers, and one for steerage passengers, 
and in the same way two cabins. She was also re- 
quired to be strong enough to stand an occasional 
run in rough weather. By raising the steamer 
amidships, strength, cabin accommodation, an upper 
deck for first-class passengers, and complete cover 
for the machinery were obtained. By means of the 
sponsons, rivetted on to her sides, a lower deck was 
obtained for steerage passengers. 

This little steamer will be fitted with a single 
surface-condensing engine, framed as in previous 
cases out of the hull, and having one cylinder 
be in. in diameter, and 24 in. stroke. The boiler 
will be of steel 6 ft. in diameter, and 6 ft, 6 in. long, 
having a working pressure of 80 lb. and 220 square 
feet of heating surface. For lightness the condenser 
is being made out of sheet iron. This steamer is 
partially in frame. The other paddle steamers 
are in various states of progress, the largest and 
two of the small ones being nearly ready for ship- 
ment. 

Messrs. Denny and Brothers have also just received 
the order for a paddle steamer for China of consider- 
able size, to be constructed of iron on the deep-plate 
frame principle already referred to in the case of 
the foregoing deep-sea steamers. This vessel will 
be sponsoned after the American fashion, and fitted 
with a walking beam compound engine having its 
gallows frame of iron, 

It will be seen from the foregoing that the yard 
of Messrs. Denny is as remarkable for the variety 
of the work it contains as for its quantity, and this 
will to a great extent explain the exceptionably 
strong and efficient draughting and designing staff 
maintained. Few in the present day have the 
courage to keep so Jarge and powerful a draughting 
staff together, and still fewer extract the full value 
from such a staff, but where this can be done it well 
repays the outlay, and where it is neglected it is a 
sure forerunner, in the present day, of decay and 
decrepitude. Among the many ways of increasing 
the efficiency of the yard, Messrs. Denny have intro- 
duced a large amount of the most modern and 
approved machinery, both for working. in iron and 
im wood. Among the former may be mentioned an 


admirable machine for straightening plates, of 
German origin, a multiple drill specially suitable 


for keel bars, &c., and a punch capable of taking 
out at one stroke from an inch or any thinner 
plate a full size manhole, The wood-working 
machinery at this yard is especially interesting. 

Another matter of interest in the yard is the test- 
ing machine, which is exactly similar in size and 
construction to that recently erected at University 
College, London, under the direction of Professor 
Kennedy. Some most interesting experiments had, 
we understand, been recently conducted by Messrs, 
Denny at this machine, bearing upon thecomparative 
strength, ductility and rigidity of steel and iron as 
used for shipbuilding, also as between shingled 
iron and shingled steel, and as to the effect of 
annealing and partial annealing on beams and beam 
arms. But perhaps more curious than either of the 
foregoing was a series of experiments to ascertain 
how far the element of time affected the testing of 
steel, and whether by breaking the specimens very 
rapidly or very slowly the ultimate strain or the 
amount of extension before fracture was seriously 
affected. These results have not, we believe, been 
hitherto published, but we venture to hope Messrs. 
Denny will place them at the service of the public, for 
they are for the most part experiments made in a 
direction hitherto unexplored and possessing much 
interest for all those concerned in the use of mildsteel. 
In the matter of steel shipbuilding, as in modern 
structural improvements, Messrs. Denny have taken 
a decided lead, and it might be supposed they would 
gain more by withholding the results of their large 
experience. Their reception of the Mechanical En- 
gineers and the freedom with which the whole 
establishment was thrown open for inspection shows, 
however, that a more enlightened policy, and we 
believe a wiser one, is followed, and we can only 
express our hope, as it is our conviction, that such 
a policy may continue to command the prosperity 
which it so richly deserves. 





COATBRIDGE TIN-PLATE WORKS. 

WE have mentioned elsewhere that on Wednes- 
day last a number of members of the Institution of 
Mechanical Engineers paid a visit to the works of 
the Coatbridge Tin-Plate Company. Manufac- 
turing operations were commenced at these works 
—the first establishment of the kind north of 
the Tweed—in the month of November, 1863, 
by Messrs, Baillie and Bell, the last-named gentle- 
ma being at the time engaged in an extensive hard- 
ware business in the iron town, or the Dudle 
of Scotland, as Coatbridge is often familiarly called. 
The first box of tin plates was finished by the middle 
of the following month. At first the making power 
of the establishment was from 300 to 400 boxes per 
week. There were then in operation two puddling 
furnaces, one steam hammer, one charcoal fire, two 
hollow fires, one 18-in. forge train, one 19-in. mill 
for rolling the tin plates, a set of cold rolls, with 
the necessary engine power, annealing furnace, and 
the plant peculiar to the pickling-house, dipping- 
house, &c. ; and the heads of departments and most 
of the skilled workmen were drafted from South 
Staffordshire. 

In their present form the works are very con- 
siderably larger than they were at first. To start 
with, there is a refinery furnace, and there are no 
fewer than twelve puddling furnaces, eight of which 
are designed for the use of dross, and all of them 
are connected with steam boilers for the purpose of 
economising heat. ‘There are also in the forge two 
ball furnaces, one heating furnace on the Gorman 
heat-restoring system, and two Condie’s steam ham- 
mers, one 30 cwt. and the other 40 cwt., one 20-in. 
train for rolling all kinds of sheets, a strip mill, a 
tin mill, cold rolls, with all the other necessary ap- 
pliances. ; 

What is called the tin mill is capable of turning 
out from 500 to 550 boxes of tin plates per week. 
These, after being subjected to the various kinds 
of preparatory treatment, are taken to the tinning 
house or finishing department, where there are three 
sets or stacks for the tinning operations; and, 
eventually, after being examined singly and sorted, 
the sheets are put up into boxes, each containing 
100, 112, 200, or 225 plates, or other number 
according to the order, and of various thicknesses, 
and of certain fixed sizes as to length and breadth. 


In the sheet mill the appliances are capable of 








turning out at least 40 tons of black sheets per 
week, and in the strip mill the capacity is from 


80 to 90 tons of boiler tube strips. A large quantity 
of the sheets are sent out as “ Canada plates,” 24 in. 
by 18 in., and all annealed twice before being packed 
for shipments. One important part of the works is 
the washer department, where washers are made in 
— numbers from the cuttings of the sheets and 
plates, 

There is a saw mill on the establishment, and 
there are no fewer than eight kilns or retorts for 
distilling wood to make charcoal for use in the char- 
coal fires and furnaces ; and, in addition, there is a 
very complete chemical works for the collection and 
recovery of the so-called secondary products, sul- 
— of iron or copperas, and wood spirit, iron 

iquor, acetate of lime, &c. The business was taken 
up in the year 1865 by a limited liability company, 
of which Mr. E, M. Bell is the managing director. 





COMPRESSING FLUID STEEL. 
To THE EpsTOR OF ENGINEERING. 

Srr,—I have read with much interest your description 
in last week’s ENGINEERING of Mr. H. R. Jones’s method 
of compressing fluid steel. Will you, or some of your 
readers, elucidate the rationale of the process ? 

When pressure is applied to fluid steel it will be trans- 
mitted equally in all ions omy the mass ; from 
this it would appear that the only result on entangled gas 
bubbles would be a reduction of their volume and not their 
displacement; their downward motion implies an un- 
balanced force in that direction. Does such force exist ? 

It is difficult to pnderstand—taking into consideration 
the relative specific gravities of the compressed gas and 
steel—how bubbles of gas can descend through a column 
of 5 ft. or 6 ft. of molten steel and escape at the bottom. 

In the Neuberg press, and also in Daelen’s ments 
(vide ENGINEERING, vol. xx., pp. 107 and 279), there 
pm to be no special provision made for the ron of 
t . ome ; + men ae ~: , of —— steel r P the 
end of the plunger effec ly prevent the escape o: in 
that direction ? wired 

A pressure of 150 Ib. per square inch would reduce the 
volume of a gas bubble to one-eleventh of its ae 
volume, and a higher pressure of course still more. ould 
not this account for the apparent disappearance of at least 
some of the enclosed gas bubbles ? 

Yours faithfully, 


J. ELLISON. 
Ebbw Vale, August 6, 1879. 





THE SIEMENS DYNAMO-ELECTRIC 
MACHINE. 
To THE EDITOR OF ENGINEERING. 
S1r,—I have to thank Mr. Upton for the courteous tone 
of his criticism of the paper which I read before the Insti- 
tation of Mechanical Engineers. In reply I would re- 


mark : 

1. That the value of a Daniell’s element was taken as 
nine-eighths of a volt as arough mean of published results. 

2. My paper does not pretend to minute accuracy, but 
rather to give rough easily obtained results of the right 
sort. I stated that ‘‘mnch more accurate results may be 
obtained by any one who will arrange apparatus with a 
single aim to the greatest possible accuracy.’’ I also 
purposely gave in the Table results, in which it was ap- 
parent that the estimated power of the current was in 
excess of the estimated power applied. It may be well to 
mention some of the causes of ery oye. , they are: 
a varying temperature of the coils of the machine 
itself. 

b. The uncertainty of the correction for temperature in 
the brass coils introduced in the main circuit. In a 
permanent laboratory these would be on four or five times 
as large a scale, but they would be on the same principle, 
that is, many comparatively thin wires would be oat in 
order to obtain a large cooling surface. 

c. The calorimeter lost heat too rapidly, and the conse- 
uent correction cannot be supposed to eliminate all error 
rom this cause. The heating of its wire, which was 

German silver, introduces a much smallererror._. 

3. The main object of my paper was to show what ought 
to be ascertained concerning any machine, in order that 
our knowl of it might be complete in kind, and parti- 
cularly to point out that the electro-motive force should be 
given as a function of thecurrent. The description of the 
electrical capabilities of a dynamo-electric machine should 
at least include the resistance of the parts of the machine, 
the electro-motive force for a given speed, when the current 
is very powerful, and the total resistance which overpowers 
the machine. In the machine I examined, this last was a 
little more than four ohms. 

I look forward with great interest to the publication of 
the mass of valuable results which have been accumulating 
in Mr. Edison’s laboratory, and trust they will not be long 


delayed. 
J. Hopkinson. 
4, Westminster Chambers, Victoria-street, July 26, 1879 








Rartways in New ZEALAND.—There are now 1111 
miles of railway open for trafficin New Zealand. The most 
extensive A is the Christ Church, Dunedin, and 
Invercargill line, which is 716 miles long. The next 
longest line is the Auckland-and Waikato , 97 miles. 


The total receipts of the New Zealand railways for the 





four weeks ending March 8 were 71,8261. 
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TRACTION ENGINE DESIGN. 
To THE Eptror oF ENGINEERING. 

S1r,—In a letter on the above subject. contained in your 
esteemed journal for 21st March, 1879, reference was made 
to the general design of the traction engines at the last 
Smithfield Show, while particular attention was called to 
the defective details on some of them. — , 

With your kind permission, Mr. Editor, I will revert to 
the same subject, by studying two or three of the 
patented novelties recently inti uced on traction engines, 
which were prominently brought before the public at the 
Kilburn Exhibition. ; 

The novelties at the agricultural shows invariably draw 
the public ; it is amusing to see how eagerly they are sought 
out year after year by all classes of visitors ; they provide the 
principal theme of conversation during the journey home, 
and in the workshop, and on the farm for a few days subse- 


carrying wheels to be brought closer together. The follow- 
ing are the advantages claimed. : : 

A. All the gearing with the exception of the main 
spur pinion is kept within the hornplates, overhung gear 
being dispensed with. ; 

B. The width of the engine is reduced, the flywheel 
and road wheels are brought closer to their bearings. 

C. Pinions sliding on feathers are abandoned. 

D. Small pinions and large spur wheels are alike done 
away with. 

Against these advantages there must be placed the 
following objectionable features : 

A. There are three wheels and a countershaft added to 


| the usual number, and beyond what are really required, 


materially increasing the weight of the engine, and the 
number of parts liable to much wear and tear. - 

B. It is sometimes difficult to get one wheel and pinion 
into gear when altering the td 4 &c. ; certainly the diffi- 





quently ; and after that by far the greater portion pass into 


forgetfulness never to be revived again. 





culty will not be lessened by baving two wheels and pinions 
to get fair for each other, before they can be put into gear. 






























































the brackets, it is all outside them, and only the extra gear 
made necessary by the introduction of the third counter- 
shaft placed inside ; there is exactly the same amount of 
overhung gearing outside the bracket as in any single speed 
traction engine by other makers ; there is, in fact, no more, 
but less gearing inside the brackets than was similarly 
placed many years ago on some old ploughing engines, 
— robs this part of the patent of all claim to 
novelty. 

The main driving spur pinion that does all the work, is 
not only outside the brackets, but outside the third motion 
wheel, and cushioned on an “atmospheric” bearing; no 
attempt having been made to keep it near the countershaft 
carriage, it being much more overhung in this engine than 
it isin many others by different makers. Indeed, it is 
astonishing that such a poor arrangement of outside gear- 
ing should be adopted by makers who claim inside gearing 
as their sole right. 

It was previously intimated that in our estimation the 
only feature that possessed any real merit in the first 
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When it is remembered how few of the novelties of the a on | arrangement, was the abandonment of the feathers, which 
past relating to traction engines have succeeded in practice, it m= ; 4 have been most justly termed ‘‘one of the most frightful 
is sufficient to shake the faith of the most sanguine believer | | sources of trouble ;’’ but in this modified plan, these ex- 
in them ; let any one call to mind some of the ‘“‘ newthings’” _ © ceedingly troublesome feathers are restored to favour, and 
of preceding shows, and he will be astonished to find how S=s= — = = used on the second shaft. Shall we say that these ill- 
few out of the number are in actual practice at the present \}-y— mannered feathers tolerated as necessary evils to 
time. - | i explain this reversal of practice ? 

It is true that some of these mechanical curiosities live yy a t is suggested that one advantage which Messrs. qoding 
for a time, they are in spite of their worthlessness buoyed : and Greig’s ing possesses over others, is that ‘‘ small 
= by the puff of their respective inventors, while others |... —=} | {-—> : _. pinions and large wheels are alike dispensed with.’’ This 
which possess some merit, but not sufficient to keep them ““~~ = —— —>—— jf 1 is a claimed improvement which is ridiculed by one of the 
in favour with the public (and lacking an untiring sup- — = SS >> =I 7 patentees, for Messrs. Fowler’s high wheel engines have 
porter) are left unnoticed in the cold, and suffered to fall ‘ pinions and spur rings (secured to the wheel tyres) the 
into disuse. | = = difference of which in diameter, as everybody knows, is 

There are novelties, and novelties, the meritorious ones enormous. 
are exceedingly interesting, very pleasing, and equally rare, After looking fairly at Messrs. Aveling and Greig’s new 
but by far the greatest number of the novelties of to-day |_ arrangement of gearing, I fail to see any positive advan- 
are much too hastily worked out to be of any real worth ; -— —= : - —t tage over the plan of gearing in general use by most makers, 
they sometimes embody a clever idea clumsily worked out, ~ _ (©)) the improvements said to + jew by it become more 


but oftener the idea is in strict keeping with the design, and 


both of a very ordinary and useless description. 

Our object is as far as possible to ascertain the worth 
of two or three of the novelties on traction engines 
recently introduced, choosing to follow the dictates of our 
own reason and experience, rather than to be misguided by 
the multiplied advantages claimed for them by their in- 
ventors. 

The following details will now be noticed in their proper 
order. 

1. Aveling and Porter's patent gearing and Aveling and 
Greig’s gearing. 

2. Brown and May’s footplate. 

3. Clayton and Shuttleworth’s patent crankshaft 
bracket. 

4. MeLaren’s patent side stays. 

1. Few people were permitted to see Messrs. Aveling 
and Greig’s patent gearing at the last Smithfield Show, 
where it was first exhibited, it being all securely boxed in, 
and part of the time under lock and key, but in your 
journal for December 6, 1878, we are favoured with clear 
illustrations of the arrangement, which we are told is a 
modification of the gearing shown at the Royal Show at 
Bristol last year. In order, therefor, to make the matter 

rfectly clear, it will be necessary to briefly describe 

essrs. Aveling’s first ny ys shown at Bristol and 
illustrated in your journal for July 12, 1878, see Fig. 1. 
All the gear wheels are firmly keyed to their respective 
shafts, including those on the crankshaft, which have 
formerly been le to slide on feathers; these feathers, 
which were a constant source of trouble on account of their 
werleng Deca, See entirely abandoned. The crankshaft 
carries two pinions of equal pitch, gearing ively with 
a spur wheel made fast to a sleeve, free to slide on a dead 
countershaft made fast to the hornplates. Between the 
pinions is a space which allows the spur wheel to be thrown 
out of gear. On the sleeve are mounted two pinions of 
different pitch, and on a second countershaft also mounted 
in the hornplates are two wheels ing respectively into 
the pinions on the sleeve, according to the speed required. 
All this gearing lying within the hornplates permits the 








ee ae SG it 
Fra. 3. 


C. The gearing and other details between the horn- 
plates are more cramped for space than is desirable, the 
pump, a most essential detail, being quite crowded out. 

D. Neither is the engine made any narrower than some 
already altered in this respect, because the side plates being 
carried straight up, make the brackets wider apart, thus 
the room utilised > others to get some of their gearin 
in, is lost in A. and P.’s plan, as shown in sketeh 
Notwithstanding these disadvantages, there is a slight 
balance of favour on the side of the new arrangement, the 
abandonment of loose feathers being the chief merit. 

When Messrs. Fowler’s new arrangement of gearing 
appeared, it was considered no improvement on the plan 


, just described, as the sleeve carrying the wheels on the 


countershaft was caused to slide on loose feathers, see 


Fig. 3. 

| A our surprise then to find Messrs. Aveling and 
Greig’s patent ing, as illustrated by you, and exhibited 
at Kilburn, to very similar to Messrs. Fowler’s, see 
Fig. 2, answering to the following description : 

he wheels of the second motion shaft only are ~ 
tween the frames carrying the bearings, instead of being 
overhung as is usual. On the crankshaft are keyed two 
pinions of different size, on the second motion shaft is a 
sleeve sliding on feathers having two ae cast on 
it, these wheels being respectively suitable for gearing into 
the pinions already mentioned. 

The pinions on the crankshaft are at such a distance 
apart that the spur-wheels can, when desired, be brought 
between them, and thus entirely out of gear. This method 
is said to be a modified plan of the previous arrangement, 
as shown last year at Bristol; it is, however, so much 
modified, that not a single valuable advantage of the pre- 
vious is retained, in which we had no overhung gear- 
ing, being inside the brackets (except the main spur 
pinion), and no gearing sliding on feathers. Whereas in 
the modified plan, instead of all the gearing being inside 


; diminutive the more they are studied. 

There may, however, be some commendable points about 
this train of gearing, that I have failed to notice, or neg- 
lected to mention, pethaps some of your readers may 
supply the eee 

There are some pleasing features about Messrs. Aveling 
and Porter’s engines, which are not possessed by those of 
any other maker, but of which it would be irrelevant to 
now speak, as this letter deals only with patented novelties, 
and these points are not claimed as such by them. 

ep ety | the three remaining detaiis placed at the 
head of this letter, it is my intention when time permits 
to let them form the subject of another letter. : 
es you, Mr. Editor, in anticipation for inserting 

is, 

Tam, Sir, yours truly, 
W. M. F. BR. 








A LarGcse PLoveH.—A very powerful plough has been 
lately built for the St. Louis, Iron Mountain, and Southern 
Railroad Company by Messrs. Deere and Co., of Moline, 
Illinois. This plough is to be used for ditching along the 
line, throwing out the earth from 6ft. to 10ft. or more 
away from the track. The experiment has been tried 
before with smaller implements, and has been found quite 
successful. The plough is made fast to a flat car by means 
of extension timbers and Ray chains, and the motive power 
attached is a locomotive. Very probably two of these will 
be a. The weight of this immense _—- is about 
1800lb. The beam is made of swamp , the toughest 
kind of timber, and it is 14in. by 8in. in its dimensions, 
and of proportionate length. No handles will be used, the 

lough fae regulated in the manner named already. The 
landslide is a piece of bar Sin. wide, and 1}in. thick. The 
share is of the best cast steel ¢in. thick by 9 in. in width. 
The width of the farrow is 30in. The top of the 
mould-board stands 36in. from the ground, or the base of 
the plough. It is made of the best cast steel, with iron 
lining securely bolted to the back. The plough is fitted 
with an immense gauge wheel and standing cutter. 
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A NEW STEAM ENGINE INDICATOR.* 
By Joun E. SwEer. 

1 BELIEVE there have already been so many subjects of a 
purely mechanical nature presented to the Institute of Min- 
ineers as to render it unnecessary 
ing another to the list. I believe, also, that when a 
new invention, or what is supposed to be a new invention, 
which claims no more than an improvement on the well- 
known devices, is to be described, it is usual to point out the 
defects of the old and give a history of the object or art up to 
date. Butas, no doubt, a large proportion of the members of 


to our engine for giving motion to the paper. A, Fig. 1, 
is a crooked rock-shaft mounted in bearings over the cross- 
ine, in the supports B B. C, a pendulum | from th 
back and forth by the motion of the crosshead, 
carries a sliding-block D, which can be raised 
the rod or allowed to fall to any desired point 
justing collar E. A string F, passing through t 
of the rock-shaft and over the pulley, enables 
to raise or lower this block, regardless of the 
The trunnions on the block, of course, are at 
, 80 their axis corresponds with 
the axis of the rock-shaft, and have a motion proportional 


for me to apologise 


rest when the block is raised 
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this Institute know as much, or more, about the history and 
ine indicator than I do myself, I will not 
preface, than to remind you that what 
ed for the Richards’ im 
was high speed ; that the ) 
duction of momentum in the reciprocating pe 
this was accomplished by making the parts lighter, and re- 
ducing the travel of the heaviest of them, and consequently 


The use of the indicator has been extended, the speed of 
steam engines and other prime movers has been 
until one engineer at least, John Cooper, 0’ 
says, ‘I want an indicator that will work up to a tho 


Mr. Thompson, of the Buckeye Stear 
of Salem, O., has improved on the Richards in 
another reduction in the momentum, which is done by 
putting the parallel motion nearer the ful 
pencil arm, reducing both weight and travel. __ 

The feature which led to the making of the indicator I am 
going toillustrate is that of still another reduction in the 
same direction, which is accomplished by dispensing with the 
parallel motion altogether. As is often the case, in pu 
dea in shape, some difficulties were encoun’ 
be overcome, and other thoughts and improve- 
ments presented themselves; so that the original thought 
has been almost overshadowed by other thoughts, and I 
will describe the whole apparatus in almost the 
order in which the various ch 


use of the steam en 


eading improvement was the re- 














to the motion of the crosshead when let down. We suspend 
a weight somewhat heavier than the block : 
nexions to the cord, so that b seaiog Gs hae + we 
good - high eg a ibs iectio 
or , an no 0 mn 
eone of cost ; and that, if we consider the un- 
and frail traps that 
to make us think more, 


2 anges have been thought ont. 
Figs. 1 and 2 show the reducing device we have applied 








* A paper read before the American Institute of Mining 
Engineers, at Chattanooga, Tenn. 





course this ent would need modifying to suit 
circumstances, but the principle of sliding the block to and 
one oe —— _In the 
of a string for connecting the ucing device with 
indicator, we use a connecting rod, one end of which 

is shown at a, Fig. 2. 

Figs. 3 and 4 show the indicator in cross-section and 
elevation. It has, as you will see, been built upon the 
Richards indicator, enough of the original bers ben to 
make it recognisable ; in fact, we used our Elliott Brothers 
instrument, making no more new than was necessary to 
carry out the idea. 

It will be noticed that the principal difference is in the 
method of holding and moving the -_ Instead of 
wrapping it around the outside of a cylinder, it is bent and 
held on the inner surface of a segment; and instead of 
being moved around and back in a circle, it is moved 
forward and back in a straight line. So the power from 
the engine is carried directly to the paper-holder, without 
strings or springs, and is a positive motion which can be 
run at any speed. This method of fixing the paper is 
better in two respects ; it can be placed in one-fo the 
time, and any kind of paper or stiff business card can be 


used. To place the it is only n to set the 
lower edge in the bottom channel, press it ,» and hook 
the hook G over the upper edge. 


The pencil arm is a tube of about ,; in. external dia- 
meter, through the centre of which passes the marki 
point, of copper wire, about yy in. in size. Iam indeb 
to John Cooper for the idea of using copper. I had con- 
templated using zinc or some alloy, but copper works so 
well that I havetried no other point. ‘Che pressure is put 
on the marking point by the spring H, which is forced 
against it by the cam1. In this way the pressure is put 
on, and the force is the force of the spring, entirely beyond 
the control of the operator. 

The first difficulty which presented itself to us, and one 
which may have ly occurred to some of you, was, 
How is a uniform travel of the piston to be made to give 
a uniform travel to the pencil-point? This has been 
beautifully accomplished by the method shown in Fig. 5, 
which canine , or discovered, by Mr. F. A. ‘ 
the — who has made the indicator itself and the draw- 
ings of it. 

¢ was thought best to give the pencil the same range 
given in the old indicator, 60 deg. ; but, instead of moving 
30 deg. above and 30 deg. below, and locating the piston 
and link in a natural position, the arm plays from 7} deg. 
below to 524 deg. above the horizontal, and the link placed 
in that inclined position that gives to the pencil so near: 
a perfectly uniform velocity ratio that when eo 
twelve-fold the variation is scarcely discernible. I have 
given in an ne. in Mr. Halsey’s own words, a mathe- 
matical consideration of this problem, and an explanation 
of its solution. It will be seen that we not only dispense 
with the parallel motion, but do away with considerable 
weight in the pencil and pencil-holder at the end of the 
arm, where it does the most harm. 

So far as we have been able to test the indicator, the 
result has been to get as cards at 330 revolutions as 
we could get from the Elliott Richards at 220 or from the 
Thompson at 270, under the same conditions; and 380 is 
—— speed at which we have had an opportunity of 

rying it. 

One objection to the new instrument is, that it is a trifle 
mene bulky ; but it is no heavier, and, I think, somewhat 
ess in cost. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
Cheap Internal Transport considered as a Necessity for 
the Prosperity of a oy 
Address delivered by the President, Mr. Jonn RoBInson. 

I may in my address to-day be allowed perhaps to refer 
toa passage in the address which I had the honour to deliver 
to the members of this Institution at the opening of our 
meeting in Paris last summer. 

Referring to the objects sought to Loa te 2 various 
classes of engineers, I venti to describe one of them as 
commercial engineering, and I explained the application of 
this term as ‘‘ the creation of appliances for the transport 
of original products to the workshops of the manufacturer, 
and again to the homes of the consumer.’’ 

No one in this assembly will doubt that railways, as 
affording the means of cheap transport in this country, 
— a most important part in creating that enormous 

evelopment of manufacturing industry und commercial 
activity which the years following the establish- 
ment of this method of transport in Great Britain. 

Let us contemplate the immense amount of material con- 
veyed on railways between Liverpool’and, Manchester, Hull 
and Leeds, the mines of the North and London, and be- 
tween the agricultural districts of every county of the three 
kingdoms and the neareror more remote centres of industry 
and ask ourselves whether, even descending to the s 
but socially very important article of milk, it would have 
been in the remotest de; possible to convey such moun- 
tains and rivers of piotaee to and from these localities by 
any other means of transit than that afforded by our 





ys. 
If in y to this eye we answer in the tive, 
pe ae — I i peda angen | present i that 
t is cheap mode of conveyance our recent i 
is, as I have said, toa large extent due. sd 
During the last twelve months we have, I suppose, passed 
through an almost unexampled period of commercial and 
cultural depression, and it seems therefore reasonable 
that we should look ev here for means, if not entirely 
to remove, at least to palliate the effects of this disastrous 
state of thi ; and in looking, we shall not unnaturally 
address ves to that section of the community whose 
ingenuity is exhibited in the works of our Watts, our 
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Stephensons, our Smeatons, our Brindleys, and our 
Brunels, together with many others who are fortunately 
still amongst us, and ascertain whether by their aid we 
may not take a similar step in advance, and thus, by a still 
wider extension of the means of cheap communication, 
facilitate a return to a more prosperous state of things. 

It seems to me that by some effort of this kind we may 
hope to promote a cheaper first cost of our prodacts to the 
extent to which such cheapening is capable of being effected 
by @ scientific and material method of dealing with the 
question, leaving on one side, in such a meeting as the 
present, those politi ical questions, on the solution 
of which the fulfilment of the objects we have in view will 
no doubt very materially depend. 

Many of us, and I suppose most of the older ones 
amongst us, will probably have arrived at the conclusion 
that a much greater extension of the railway system as a 
means of making commercial profit is not to be expected, 
and, therefore, if our more thinly populated districts are 
to be placed in more easy and more advantageous com- 
munication with those localities to which they must look 
for a profitable outlet for their commodities, and a more 
economical supply of their material wants, they must hope 
for the provision of cheaper methods of creating and main- 
taining these relations than those which have been adopted 
by more populous regions. . 

Efforts in this direction have been, and are still being, 
made by the construction of cheap narrow-gauge railways 
for country places, and by the adoption in towns of systems 
of tramways, the latter rende' necessary not by the 
sparseness of the population, but by the obligations imposed 
by frequent stoppages, and the difficulties of carrying on 
ordinary railway traffic in our crowded thoroughfares. 

In reference to the first of these necessities, it would 
seem possible to utilise, as in the case of the Mont Cenis 
mountain tine, the sides of the existing roads. These fre- 
quently present considerable spaces not required for the 
present traffic; and in other places the road boundaries 
are so cumbrons that the area they occupy would in many 
instances afford room for a narrow gauge railway bounded 
by a fence of iron. 

The question immediately arises at whose expense such 
railways are to be laid down and worked; and I would 
suggest in reply, that we must look to the counties in 
which such roads are to be established, to the landowners 
whose property would thereby become more valuable, and 
possibly to trusts, corresponding with our old turnpike 
trusts, which, with the assistance to which I have alluded, 
and with loans of money at low rates from the Govern- 
ment, might construct such railways, and reimburse them- 
selves either by tolls authorised at the creation of the 
trust, or by an assessment of rates over the district 
benefited. 

In this connexion the fact must not be lost sight of that 
by the abolition of turnpike trusts not only are the roads 
themselves deteriorating enormously in condition, but those 
green and unused sides, to which I have above alluded, are 
fast disappearing under the grasping hand of the adjacent 
proprietors and occupiers. 

It seems then that not only do the necessities arising out 
of our present trade depression, but also the accidents of 
our highway legislation, point out the present as the time 
peculiarly fitted for the step in advance which has been in- 
dicated. 

Consideration must now be directed to the engineering 
part of the subject; and on this point I would rather 
attempt to throw out suggestions for reflection and solu- 
tion by more experienced and wiser heads, than propound 
theories which would be, by the circumstances of the 
present occasion, placed beyond the region of discussion. 

The first engineering question would naturally be the 
roadway ; and on this point the two elements of first cost 
and efficiency would probably present the usual occasion of 
conflict between the engineering and the commercial sides. 
But it must be borne in mind that the whole beneficial 
result would depend in a large measure on the difference 
between the cost of traction on the new road as compared 
with that on the existing roads, and to this the considera- 
tion of first cost ought to a certain extent to be subordinated. 

It may be assumed asa recognised fact that the frictional 
resistance to a train on an ordinary railway is about 8 lb. 
to 12 lb. per ton of the gross load, varying slightly accord- 
ing to speed, while this resistance on the best form of tram- 
rail is at least 15 lb. per ton, and rises to 22 Ib., 26 Ib. 40 lb., 
and even to 45 lb. according tothe form of rail employed 
and the condition of the ; and it seems to follow that, 
for all iron roads formed — the common roads, 
where crossing of the rails by ordinary vehicles need only 
be provided for ‘at considerable intervals, the common rail 
form, and not the tram form, should be adopted. 

With regard to the power to be used for haulage on these 
light railways, it would be n to take into account 
the special circumstances of the line and neighbourhood 
before deciding this point. 

Where the traffic was likely to be considerable, and fairly 
continuous, while, as res the road, the curves were not 
too sharp nor the ients too sever>, steam traction 
might be advantageously employed, as 1t has been stated 
that wherever a tram or railway is fairly level and tolerably 
free from curves, a load which would require two horses to 
draw it could always be more economically worked by steam 
power than by horse power, in the proportion of 6d. to 8d. 

er mile ; while in all cases where one horse could draw the 
fond, traction by horse power would be cheaper than by 
steam power. 

Upon such railways as have been referred to, and where 
steep zradients occur, it seems probable that horse traction 
would be more economical than that of steam, inasmuch as 
horses, for the purpose of starting loads and drawing them 
up sharp gradients, are able to develop a —— 





higher power than that nominally attributed to them, 
recover from these short efforts by more eas 
the levels and the comparative rest on descendi 


traction on 
gradients, 





while it is evident that an engine must have a power equal | 


to the maximum effect required, and therefore possess a 
tractive force and a corresponding weight during the 
whole course of its journey, when in fact the necessity for 
its full development may exist only for a very small pro- 
portion of that journey. 

In thus seeking to attain the object I have indicated in 
this address, i.e. the further profitable development of our 
industries by cheapening the cost of transport, there would 
arise other collateral advantages not to be despised in the 
present depressed condition of our country. 

For these undertakings a very considerable supply of 
capital would be required, and to that extent the plethora 
now existing hd 5 abated ; and this not by investments 
in foreign countries and for on perhaps neither re- 

roductive nor remunerative, but in our own country and 
or an object in the highest ne reproductive, and, if 
not directly at all events indirectly remunerative. 

Another advantage, and one which no doubt would be 
highly appreciated by the present assembly, would be the 
demand for engineering talent and for engineering materials 
and labour, the lack of which we so acutely feel at the pre- 
sent time. 

The establishment of such communications would also 
cheapen supplies to the consumer, and bring a larger de- 
mand for his products to the producer, and thus tend, by a 
more prosperous interchange of commodities, to give a 
much-needed impulse to the general trade of the country. 

This, it appears to me, is one of the objects to which the 
energies a abilities of the members of two such Institu- 
tions as those I have the honour of addressing may properly, 
profitably, and I may even add, patriotically, be irected : 
and I am sure we shall all rejoice if one of the outcomes of 
our present meeting in this great centre of industrial, 
mining, and commercial enterprise should be the early 
adoption of any measures within the province of our several 
professions, which would have the effect of removing any 
of the clouds which now obscure the atmosphere of our 
prosperity, and would help to restore some of those rays of 
sunshine in which we have heretofore disported ourselves, 
and to which we have unfortunately for now so long a time 
been strangers. 

It now becomes my pleasant task to call for the recogni- 
tion by the meeting of the various hospitalities and intel- 
lectual treats which have been provided for us by our 
friends in this metropolis of Scottish activity through the 
intervention of our Local Committee and of our inde- 
fatigable local secretary, Mr. Millar ; and I am sure the 
meeting will, without further reference to the honour which 
has been done to our Institution by the invitation to visit 
Glasgow promoted by the Institution of Engineers and 
Shipbuilders in Scotland, accord to that Institution and all 
our friends here our most sincere thanks for this graceful 
method of showing the sympathy and confraternity enter- 
tained for their English allies on this auspicious occasion. 








MARINE ENGINE GOVERNORS. 
On the Pnewmatic Marine Governor.* 
By Mr. D. J. Duntop, of Port Glasgow. 

Aut who are familiar with the work done by the 
marine engine and the circumstances under which it is 
performed will admit that there is no class of machinery 
exposed to the same variations of load as are steam engines 
when driving screw-steamers at sea in heavy weather. In 
such cases the efforts they should exert in their cylinders, 
so as to maintain a uniform number of revolutions of the 
shafting, range in a few seconds, as the vessel pitches, from 
the full power the engines are capable of developing down 
to that which is sufficient to overcome the friction of the 
moving parts; the former being required when the pro- 
peller is covered by the water, the latter when it is revoly- 
ing in the air. 

nder these circumstances there is no class of machinery 
which requires a more efficient governor or speed-controller 
than the screw-engine ; especially when we consider that to 
the simple damage to parts of the engine which may be the 
result of excessive and unnatural strains produced by very 
highly accelerated speed, or “‘ racing,’’ must be added the 
risks to life and property which must accompany a break- 
down at sea in heavy weather, when it may be said that 
the engines in a steamer are most needed. But even in the 
absence of direct damage, there must still remain the 
extra wear and tear of the machinery and the extra coal 
consumption for which there is no return, where engines, 
through being inefficiently ated, are allowed to run 
at an accelerated speed; and thus draw steam from the 
boiler, only to churn up the water in which the propeller is 
partially immersed, or to keep it revolving needlessly in the 

r 


air. 

Before the compound engine became universally adopted 
for marine purposes, and while the condensing 
engine was the type of sea-going engine, Silver's governor 
and all others of the same class (which derive their power 
of controlling the acceleration of the engine from that 
acceleration itself) did good service ; as the simple closing 
of the throttle-valve, which stopped the supply of steam 
from the boilers to the cylinders, was sufficient to keep the 
number of revolutions fairly uniform, under a uced 
load and smaller admission of steam. 

But that which was sufficient in the case of the common 
engine will not give the same satisfactory results when 
applied to the compound engine; because, in addition to 
the power which in the former case produces the accelera- 
tion and so gives motion to the common class of governor, 
we have, im the latter case, to use up the power which the 
steam contained in the passages, receiver, &c., of the 
engine, possesses, and which must be exerted in the low- 
pressure cylinder before it is exhausted into the condenser. 

In view of these conditions it would appear that any in- 
strument which will efficiently prevent compound engines 


ih en at the Glasgow Meeting of the Mechanical 














from racing must possess independent action, and the 
power of anticipating by its movements the racing of the 
main engines ; so that sufficient time may elapse between 
the movement of the governor and the racing of the 
machinery to enable the steam in the receiver, &c., to be 
so far worked up that the engines may be kept in control 
by the steam admission alone. 

Such a power is obtainable from the wave-level at the 
stern of the ship; and it was in the hope of utilising in a 
governor the pressures represented by the varying heads 
of water at the after part of the vessel, as the stern rises 
or falls in the sea, that the author made the experiments 
which resulted in the production of the pneumatic governor 
now to be described. 

The drawings* represent the different parts of the appa- 
ratus. Fig. 3 is an air chamber A, placed where most con- 
venient, in the after part of the vessel if a screw steamer, 
or alongside the paddles if a paddle steamer. By opening 
the sea-cock B, the inside of the chamber will be put in 
communication with the sea, and the air it contains com- 
pressed to the pressure due to the height of the water 
outside. By means of the air-pipe H, which leads from 
the top of the chamber A through the screw-shaft tunnel 
into the engine-room, this pressure is transmitted to the 
apparatus represented by Fig. 2. This has its lower part 
A made ectly air-tight by the india-rubber diaphragm 
C, which is securely bolted between the flanges of the 
parts Aand B. In the upper part is placed the spring E, 
which can be compressed or relieved by the adjusting nut 
F to suit the water the vessel is drawing. When the air- 
vessel, pipes, &c., have been filled with air, by means of 
the drain-cock C, Fig. 3 (which should always be left open 
when the governor is not in use), and when the sea-cock B 
is opened, the spring in Fig. 2 is compressed to a point 
which represents a certain head of water; and it will 
remain at that point as long as the stern of the vessel 
preserves a uniform draught, or in other words as long 
as the screw-propeller remains immersed at a uniform 
depth. But as the propeller emerges from the sea, and 
the engines consequently have less work to perform, the 
pressure decreases in the air-chambers, pipes, &c., the 
india-rubber diaphragm C in Fig. 2 is forced down by 
the spring E, and the steam valve acted upon through the 
connecting link K (the length of which is adjustable through 
a right-and-left hand nut in the centre) and the lever T, 
which may be placed direct upon the throttle-valve. 

Fig. 1 shows a general arrangement of the parts of the 
governor on hoon ship; the air vessel and sea-cock are 
indicated ; H is the air-pipe passing through the screw- 
shaft tunnel and connecting it with the governor, and the 
governor itself in the engine-room is shown. 

The governor may be applied to work either the common 
throttle valve, or the equilibrium valve of the largest 
engines, there being no practical limit to the power it may 
be made to exert. It is the only governor which is not 
dependent upon an accelerated speed of the engines for its 
action, its power being derived from the head of water in 
which the propeller is immersed. The admission of steam 
to the engines is regulated directly by the amount of work 
the engines are called upon to perform, through the ever- 
bes op immersion of the propeller, caused by the pitching 
of the vessel in heavy weather ; for the movement of the 
steam valve lever in the engine-room is simultaneous with 
any variation in draught of water at the stern of the ship, 
and it is this variation which causes the change in the work 
to be performed. The power of anticipating the racing of 
the engines which the governor possesses, lies in the pro- 
vision which is made through the adjusting nut F, Fig. 2, 
for closing the throttle valve earlier or later as may be 
required. For example, if after the governor is connected 
the engines still continue to race, it is because the steam 

not been early enough cut off. Then by screwing down 
the spring a little, the diaphragm will be forced down to 
the bottom sooner than it was before, when the spring was 
less compressed ; and the steam will thus be shut off from 
the engines when a smaller surface of the propeller is out 
of the water. Thus all that is necessary, after connecting 
the governor, is for an attendant to relieve or compress 
the spring until sufficient regularity of engine speed is 
obtained. 

Not the least recommendation of the governor is that it 
cannot get out of order unless through the destruction of 
the india-rubber diaphragms, and these have been known 
to last for seven years, so that for this time the governors 
may be said to work without any outlay for maintenance 
or repair. 








STEAM ENGINE GOVERNOR. 
On the “ Velometer’’ Governor for Marine and Stationary 
Engines.t 

By Mr. F. W. DurHam, of London. Communicated 

through Mr. Joun PENN. 

THE action of all ordinary speed governors for compound 
marine engines is to shut off steam from the high-pressure 
cylinder, which, in engines of moderate size, is sufficient 
to prevent racing if done at the proper moment. Here 
however lies the weakness of all governors where two 
opposing forces are kept in equilibrium (such as a revolving 
weight held in balance by a spring), and where by disturb- 
ing this equilibrium the un’ nced difference is made to 
move the throttle-valve or expansion gear of a large 
engine. Itis evident that in such governor the power 
required for opening or closing the throttle-valve, 
or for shifting the expansion link in a_ stationary 
engine, can be obtained only by considerable increase 
or decrease of speed; for, when running at a 
regular speed, the opposing forces are in equilibrium, 
and unless this be greatly disturbed there is no considerable 

* These drawings were published by us on page 187 of 
our eighteenth volume. at 
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power available. All large throttle-valves require con- 
siderable power to move them, and consequently the power 
thus necessitated detracts largely from the sensitiveness of 
the governor. 

To remedy this want of sensitiveness is the special object 
of the “‘ Velometer’’ governor, which it is now proposed to 
describe. Referring to the drawings* (Figs. 1 and 2), A is 
a pulley driven from the engine and driving the bevel wheel 
B, which gears into the two bevel wheels C and D (Fig. 2). 
These wheels run on trunnions or arms fixed to the square 
block E, and the driving spindle F rans loose in the same 
block. The two wheels C and D both gear into a fourth 
bevel wheel G, which is fast on the hollow spindle H. On 
the other end of H is fixed the bevel wheel I, which, through 
the wheel J, drives the fans K; these fans run through 
fixed blades in a cylinder filled with water, so that the re- 
sistance is very great, and any change in the speed alters 
the position of the throttle-valve with extraordinary quick- 
ness and accuracy. The block E has fixed toit, by the pin 
M, the spindle N, which passes through the hollow spindle 
H, and has mounted on it a sheave O, to which is fastened 
achain P, running through a spiral spring Q. Thus, if 
the shaft N begins to turn, it winds the chain upon the 
sheave and compresses the spring. RB is a small steam 
ys the slide of which is connected with the spindle 

by the lever S; the piston rod T of this cylinder is con- 
nected by levers and cranks with the throttle-valve. 

The action of the governor is as follows. Suppose the 
whole apparatus to be running with a uniform velocity, 
then the speed of the engine is communicated through the 
shaft F, the block E, the hollow shaft H, and the bevel 
wheel J to the fans K ; and exactly as much power is being 
absorbed by the governor (in addition to friction, &c.) as is 
required to drive the fans at that particular speed. Now it 
will be seen that the reaction of the water against the fans, 
acting through the wheels J, H, and G, is tending to turn 
the block E in one direction, while the reaction of the 
spring Q, acting through the chain P and sheave O on the 
shaft N, is tending to turn the block E in the opposite 
direction. Hence, since there is equilibrium, these two re- 
actions must exactly balance each other. If this balance 
does not exist, the shaft N will turn of itself until it is 
established; or it may be established beforehand by 
properly adjusting the spring Q with the hand-wheel W. 
Now let a part of the load be taken off the engine ; this 
will throw an increased power on the pulley A, which will 
betaken up in increasing the speed of the fans. The 
moment this commences, the balance above mentioned is 
destroyed, and the block E and shaft N will therefore 
begin to turn ; in so doing they will move the slide of the 
steam cylinder R, thereby allowing a little exhaust on one 
side of the piston. This piston will instantly more with 
the full force due to the difference in steam pressure on the 
two sides, and will alter the position of the throttle-valve, 
thus diminishing the supply of steam. The speed will then 
decrease until everything returns to its normal position. 
So quick and accurate is the action that, when once the 
spring has been adjusted to any given speed, an increase of 
one revolution per minute beyond that speed becomes im- 
possible. 

The velometer may also be actuated by the motion of the 
ship, combined with the action due to the speed of the 
engines. In this case, a pipe is carried from the bottom of 
the velometer water cylinder to a small tank placed some 
20 ft. to 30 ft. astern of it. The effect of this arrangement 
is that, when the stern of the vessel begins to rise, the 
water flows from the tank into the cylinder, in order to 
find its level, and so gives the fans a greater resistance, 
which brings the velometer into full play at once, closing 
the throttle-valve. When the ship is on an even keel, the 
water line should be half way up the fan, so that, when 
the stern begins to rise, the other uncovered half of the 
fan blade shall feel the extra resistance due to the water 
coming from the tank into the cylinder to find its level. 

The fans may revolve in water, oil, or glycerine; and 
their rotation being further retarded by fixed blades on the 
inside of the cylinder, they have always a great resistance 
offered to their motion. This gives, at the same time, 
great power and great sensitiveness. The governor how- 
ever is not robbed of this delicacy of action by having to 
use its power for moving a heavy valve or link, but has 
only to move a small slide valve about 1 in. square, the 
steam doing all the rest of the heavy work. 

One of the great advantages of the velometer is that it 
can be applied with equal sensitiveness for working two 
valves at once. With ordinary governors, this would 
almost impossible, as, if these fail to be sufficiently sensitive 
with one valve, it is clear they would be practically useless 
with two. The use of the two valves is for large compound 
marine engines, which require some special kind of regula- 
tion either for the steam or for the exhaust of the low- 
pressure cylinder, owing to the fact that the receiver holds 
sufficient steam, when assisted by the vacuum on the other 
side of the low-pressure piston, to cause racing even after 
the high-pressure throttle-valve has been closed. 0 
render the velometer efficient in such cases, a pi 
passes from the top of the low-pressure cylinder down the 
outside and into the bottom end, thus connecting both ends 
of the cylinder. A valve is placed in this pipe, and con- 
nected by a rod to the throttle-valve. "When the velometer 
closes the throttle-valve it opens the valve in this pipe, and 
thus puts the low-pressure piston in equilibrium, as it will 
then have the same pressure on both sides. Of course this 
would be only used at sea in very bad weather; at ordi- 
nary times the governor would be disconnected and the stop- 
valve shut, so as not to interfere with the working of the 
engine. In many cases it would be more than a man 
could do to work the two valves together; but the steam 
comes to aid, in the velometer, without in any way affect- 
ing its sensitiveness. 

It is not proposed to go into all the advantages to be 





* For the urawing of this governor see KNGINEERING, 
vol. xxv., p. 131. 








gained by the use of the velometer, as they will be easily 
seen, and do not require explanation ; but it is requisite to 
call attention to one special feature, which is that at sea it 
should always be kept running. A governor for marine 
engines should not be a thing to be kept idle in the engine- 
room during fine weather, as is usually the case, but it 
should be such an instrument as can always be kept at work 
when the engines are running, having however no action at 
all unless required ; but when required it should be there 
to act instantaneously, and prevent therequired number of 
revolutions per minute being exceeded from any cause 
whatever. Practical experience has shown that many pro- 
pellers and crankshafts break in fine weather, when, in all 

robability, an ordinary governor would not be in use. 

oubtless in many cases these have been previously in- 
jured in bad weather by racing, or they may break from a 
flaw in the metal. The action of the velometer is such 
that it can be easily adjusted to any required speed, and 
kept running from port to port at that s without 
exerting any action; but should the speed of the engines 
from any cause tend to exceed that at which the velometer 
is set, it comes into action instantly and with full power. 

The arrangement of the velometer for stationary engines 
is only a matter of alteration of detail, the action and 
principle being the same as with the marine engine. The 
chief difference is the arrangement of differential levers 
for bringing the piston to rest at any part of its stroke. It 
is preferred in large stationary engines to connect the piston 
rod of the velometer steam cylinder to the expansion link ; 
this gives an automatic variable expansion gear of a very 
sensitive character, and adjustable, without stopping, to 
give any velocity from dead slow to full speed. 








CONSTANT WATER SUPPLY. 
On the Maintenance of Constant Pressure in Water 
Service Pipes.* 
By Mr. STEPHEN ALLEY, of Glasgow. 

THe experience of water works engineers, after man 
years’ trials and experiments, all tends to prove that wit 
proper management it is possible to maintain a constant 
supply of water with as much economy as can be obtained 
by an intermittent supply. The objections to an intermittent 
supply are manifold; but the most serivus is yamine the 
fact that the unwholesome gases which arise from water- 
closets and other sources are apt to be forced by the atmo- 
spheric pressure into the water mains when the water is 
shut off, and consequently the water afterwards supplied is 
contaminated by these gases. It has been proved at Man- 
chester that a constant service, if combined with a regular 
and well-organised system of house-to-house inspection of 
taps and fittings, may be maintained with a saving in the 
consumption of water, as compared with an intermittent 
supply. But a constant service, without some means of 
regulating the pressure to meet the varying consumption 
at different hours of the day, will, unless the yom and 
fittings are in thorough repair, be more wasteful through 
leakage than an intermittent supply. With an intermittent 
supply the pressure is in the pipes only when the consump- 
tion is greatest ; while with a constant supply the pressure 
rises to the maximum when the consumption is least, thus 
straining unnecessarily the pipes and fittings. 

The maintaining of these in an efficient state so as to 
prevent leakage has of late years been a matter of serious 
consideration to water works engineers. Mr. Deacon, of 
Liverpool, has done much towards this end by the intro- 
duction of his meter, which registers automatically the 
consumption of water during each hour of the twenty-four. 
When an undue consumption is indicated in a district con- 
trolled by one of these meters, the night inspectors test the 
service pipes in that district by applying the ear to the top 
of a turnkey resting on the service pipe, by which means 
they hear if water is passing the tap. If water is passing, 
the night inspector reports it, and the fittings in the houses 
supplied by these service lew are examined by the day 
oe and, when found defective, are removed or re- 
paired. 

In Glasgow the Deacon waste-detecting meter has been 
niseineal with considerable success, and great energy has 
been displayed by the engineer, Mr. Gale, and his assistants 
in instituting a proper survey of household water-fittings ; 
but the difficulties that beset water works engineers, while 
carrying out a house-to-house inspection, are much greater 
in Scotland than in England. In England most of the 
houses are occupied by one tenant and consequently have a 
separate service pipe ; while the dwellings of the workin 
classes have in general no water-closets, and are suppli 
from a single tap. In Scotland, on the other hand, the 
majority of the population reside in flats; and as many as 
twelve to fifteen families may be supplied with water from 
one service pipe, each family having a water-closet and 
water tap. 

One of the chief sources of waste is undoubtedly leakage 
through service pipes and fittings, and such leakage is both 
produced and aggravated by undue pressure. me ap- 

aratus for regulating this pressure is therefore very 
Reoisable. The system at present adopted by engineers for 
this purpose is generally defective, as it gives no means of 
regulating a varying inlet pressure in such a way as to main- 
tain a steady outlet pressure with a varying outlet con- 
sumption. This method is an arrangement of sluice valves, 
whigh is carried out in the following manner : 2 

A pressure station is established, usually at a convenient 
situation near the trunk main, where it enters the town. 
If the town is large and of varying levels, two or more 
branches are connected to the main, each branch 
being provided with a sluice valve. The town is then 
divided into zones, r by the levels; one branch 
being led to the highest district, and the others to the lower 
districts. A pressure gauge, placed inside the pressure 
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station, is connected to the outlet side of each sluice valve 


by means of a pipe. The attendant whose duty it is 
to watch these gauges and keep a register of the pressure 
at various hours, is supposed to open and shut the valves 
as the pressure increases or diminishes, and thus to equalise 
it to suit the uirements of consumption at the various 
hours night and day. In cities like Glasgow it is impossible 
for the attendant at the station to control the pressure over 
such a large area. He may, with care and considerable 
bodily exertion, keep the pressure in the trunk main 
immediately ind the controlling sluices somewhat re- 
ov i Le he eons pao br egea | at ®: a from 

im, the friction of the pipes being sufficien isarrange 
his calculation ; and a pa draught of water in a district 
at a distance, where in all probability the pipes are small, 
would not be indicated at the station for a considerable 
time after the necessity for increasing the pressure arose, 
In cases of fire this has been most detrimental. If a fire 
occurs while the sluices are partly closed, there is a scarcity 
of water, and co uently an unnecessary destruction of 
property. To provide against this contingency it is the 
practice to keep the supply passing through the main 
sluices in excess of that actually pe og for consumption. 
But this has ics objections, as, when the legitimate con- 
sumption is small, the pressure gathers far above that 
requisite, and causes the weaker fittings to give way ; con- 
sequently increasing the waste of water. It is impossible 
to detect this waste except by a house-to-house inspection 
when the pressure is highest, say, between the hours of 
twelve at night and five in the ys 3 which is impracti- 
cable. Fittings of all kinds often leak seriously at night, 
when the pressure is heavy, but appear perfectly tight in 
the daytime, when the pressure is light. 

The importance of economising water supply is daily 
becoming more apparent. In large cities the question is 
carefully considered, because the water supply is generally 
under the control of an engineer of ability, who takes 
every care to prevent undue waste; and who has at his 
disposal a large and experienced staff of assistants and 
inspectors. In small villages the case is different; the 
tax-paying population being less numerous, the burden of 
such officials cannot well be borne. The natural result is 
that the water fittings, from want of proper attention and 
inspection, get into a state of disrepair, and the waste of 
water is enormous. To allow for such waste, engineers 
in designing such a water supply put in much larger mains 
and reservoirs than would be necessary if the consumption 
could be economised ; and consequently small communities 
(which can ill afford a large wa are vompelled to spend 
more money than would be needed if means were adopted 
to control the pressure, so as to give merely the supply 
sufficient for the legitimate requirements of the population. 

The foregoing remarks lead to the following conclusions : 


1. The ordinary screw-down or sluice valves in general 
use, for reducing the pressure on mains or service pipes, 
are defective, inasmuch as they do not prevent the outlet 
pressure from rising on any increase of inlet pressure, or 
from falling and rising on any increase or decrease of the 
consumption of water. 

2. Any sudden draught, such as the opening of a few 
hydrants, will reduce the pressure in an entire district at 
the time when the pressure may be most needed. This 
necessitates a much greater maximum pressure being main- 
tained on the mains than isnecessary for the legitimate 
supply of the district. 

3. Secnieas of pressure entails increase of leakage, by 
forcing water through defective joints in the mains and 
service pipes, and also by producing defects through the 
in strain on the joints. 

4. In the case of domestic supply, if a valve or stop-cock 
becomes defective, or is unnecessarily left open for a given 
time, a much larger quantity of water will run to waste 
under the higher than the lower pressure. 

5. It is desirable that water supply should be so con- 
trolled that the pressure at all the levels of a city or district 
should be equal to its uirements, and this pressure 
should remain the same under a varying inlet supply and 
outlet consumption. 

These requirements are met by the controlling valves 
about to be described, which are the invention of Mr. 
William Foulis, M. Inst. M.E., who has been so successful 
in designing a governor for regulating the pressure of gas. 
The benefit of self-acting regulators or reducing valves. 
has long been felt in the case of At one time screw- 
down or slide valves were used, which were opened or shut 
as the consumption increased or diminished. Weighted 
governors are now in common use, which maintain a con- 
stant outlet pressure under all variations of consumption. 

The action of the water governors about to be described 
is analogous to that of gas governors. If, for example, 
the pressure on a supply main is 100 lb. per square inch, 
and it is desired to give a pressure of 40 Ib. on the inch ina 
certain district, the governor, being once loaded to 40 lb., 
will maintain this pressure constant, although the inlet 
pressure varies, or although the consumption falls to zero, 
or although it increases to any extent short of the utmost 
which the inlet —< capable of supplying. 

Many schemes have been suggested for valves to ac- 
complish this end. These generally consist of valves 
balanced so as to be independent of the inlet pressure, the 
outlet pressure being controlled by weights applied to the 
valve either direct or through the medium of a lever. The 
impracticability of such arrangements, unless in valves of 
small size, will be evident if the amount of weight necess 
to alter the pressure on a valve of even moderate size is 
considered. A 12-in. valve, for example, has an area of 
113 square inches ; hence, in order to vary the pressure to 
the extent of even 10 lb. per square inch it would require 
a ee ee ae 
requi mn su wor! r valves by a 
head of water; but in all these cases the bead of water 








necessary has been equal to the outlet pressure desired. 
The special feature in the regulator about to be described is 
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that even the largest valves may be worked by weights of a 
few pounds, or by a head of water of a few feet. 

The first diagram represents the regulator, which consists 
of a valve formed so as to give a gradual opening. Under 
this valve, and attached to it, is a piston of the same dia- 
meter working in a cylinder. The pressure from the inlet 
acting on the bottom of the valve and on the top of the 

iston, is neutralised, consequently no influence on 
action of the valve. From the underside of the piston 

a small pipe communicates with an apparatus by which the 
pressure of water under the piston may be varied as de- 
sired. The valve being under the influence of p,, the pres- 
sure of water under the piston, and of p,, the pressure of 
water above the valve, and being otherwise free to move, 
will rise until p, equals p, ; consequently, whatever pres- 
sure is applied under the piston, a co’ mding pressure 
will be maintained above the valve, and in the outlet 


pipe. 

The means of obtaining the pressure under the 
piston is by an apparatus which, from its compact form and 
small bulk, is specially applicable to town supply. It con- 
sists of an elongated piston or ram, about } in. in diameter, 
and 6 in. long, —— in acylinder. This ram is turned 
down or recessed, and a pipe leads to the underside of 
the piston of the valve. Thereisa communication with the 
inlet of the valve, and a second either with the outlet or 
with a drain. A small hole ing through the ram, 
communicates the eaee to its underside. The ram is 
continued through the top of the cylinder, and may be loaded 
to any extent desired. 

The action of this arrangement is as follows. Suppose 
the ram loaded with weights equivalent to 40 Ib. per square 
inch; it will then be at its lowest ye ae and the pipe, 
and consequently the underside of the piston of the valve, 
will be in communication, through the recess in the ram and 
the pipe, with the inlet pipe to the governor. If an inlet 
pressure is now itted to the ea. this pressure 
will be communicated to the underside of the piston of the 
valve, and also through the small hole to the underside 
of the small ram ; both of these will therefore rise until the 
pressure is equal to 40 lb. on the square inch; and as the 

ressure on the outlet is —— equal to the pressure on 
the underside of the —_ e outlet pressure will be 
maintained at 40 lb. Should the pressure on the outlet rise 
above this, the increased pressure will be communicated to 
the underside of the s ram, causing it to rise, and to 
open a communication between the recess and the passage ; 
thus allowing a portion of the water to escape until the 
pressure is again reduced to 40 lb. per square inch. A 
varying inlet pressure may thus be made to maintain a 
steady outlet pressure with a varying outlet consumption. 

This regulating apparatus from its small size may be 
placed in any convenient position—in the pillar of a lamp, 
in a box in the ground, or inside a shop or office. The 
governor itself is placed underground on the line of main 
at any distance from the regulating apparatus. The pipes 
from several governors may be led to one point, and thus 
the pressure on several districts may be controlled from one 
central station. 

Another method of controlling the outlet pressure on the 
governor, suitable to cases where it is desired to maintain 
a uniform pressure on the district at all times, is to place 
a small cistern at a convenient height above the valve, 
communicating with the bottom of the piston by means 
of a small pipe; the outlet pressure will m be in a con- 
stant ratio to the pressure given by that cistern. As 
the water in this cistern is withdrawn from and returned 
to it, and does not commingle with the water in the main, 
it may be mixed with glycerine or other suitable oil, to 
prevent freezi In ane to enable the cistern to be con- 
veniently p! at a sufficient height to give the necessary 
outlet pressure, the governor valve is as follows. 
On the top of the valve and attached to it, is a ony ol 
men iston working in a cylinder having an area less 
than of the valve. The area of the lower piston 
is, as before, equal to that of the valve. A portion of 
the outlet pressure acting on the top of the valve will be 
balanced by the pressure on the piston, and in order to 
maintain equilibrium the total pressure under the valve 
must equal the total unbalanced pressure above the valve, 
consequently the ratio of pressures will be as follows: 

Pit Pat: A, : (A»—A,), 
when p, represents the outlet pressure, p, the pressure 
given ty the cistern M, A, the area of the lower piston, A, 
the area of the valve, and A, the area of the upper piston. 
Thus if the areas A, and A,’ are in the proportion of 
3 to 2, the cistern, placed at a height of 15 ft. above the 
valve, will give an outlet pressure equal to 45 ft. head. 

Should it be desired to increase the pressure, for the pur- 

of fire extinction, a communication may be opened 
tween the inlet pipe and the pipe leading from the cistern 
hy means of a small pipe fitted with a small three-way 
stop-cock. By a half turn of this stop-cock the under- 
side of the valve may be closed to the cistern and opened 
to the main. The valve will then be kept full open, giving 
the fall pressure of the supply main on the district while 
necessity requires it. 

In another modification the piston beneath the valve 
is of less diameter than the valve; in this case the 
underside of the piston is open to the atmosphere. The 
inlet pressure is not then completely balanced, but act- 
ing, on the greater area of the valve tends to lift it, and 
will lift it until the outlet pane is equal to the unbalanced 
inlet ure. The outlet pressure per square inch will 
bear following ratio to the inlet pressure : 

Pr? Py 2: Ay: (A; —As) ; 
p, being the inlet, p, the outlet pressure, A, the area of 
the valve, and A, the area of the piston. Thus, if the 


area of A, is twice the area of A,, then the ‘outlet pres- 
sure will always be half the inlet pressure, and so with 
any other proportion. This valve is very useful in a low- 
lying district supplied from a high level. For example, if 


the source of water supply be 200 ft. above the district to 
su lied, and it is desired to maintain a pressure of 
100 ft. on the district, a valve such as that described 
having areas in the proportion of 1 to 2 will effectuall, 
maintain the desired pressure. This valve is entirely self- 
acting ; and may also be usefully employed in breaking the 
pressure on pipes coming downhill , instead of the cistern 
and ball-cock ordinari . etek: . 

A modified form of this valve is used for service pipes, in 
districts where it is necessary to maintain a high pressure, 
but where it is desirable to reduce the pressure en 
the ee soas to lessen ba strain Pe the re ‘ 
By properly proportioning the areas the pressure ma 
someeel ts any desired extent. In one case sucha ~ & is 
at work satisfactorily where the outlet pressure is only 
one-tenth that of the inlet. It may be observed that the 
action of this valve is entirely different from a mere con- 
traction or throttling of the pipe; which, while it reduces 
the pressure during the time water is being drawn, leaves 
the full pressure on the pipes and fittings when no water 
or only a small quantity is being used. The valve on the 
contrary opens and shuts as the consumption increases or 
decreases, thus maintaining the pressure constant. 

Another modification of this principle of water valve is 
designed as a retentive valve in mains for water flowing 
downhill into a valley, and rising on the opposite side. This 
modificationis similar to that having a piston below the valve, 
and a smaller piston above the valve. The water enters above 
the valve, and has a constant tendency toshut it. The dif- 
ference of areas of the two pistons is as small as possible, so as 
just to allow a sufficient unbalanced area on the top of the 
valve to enable the inlet pressure to overcome the friction of 
the valve and piston. A small pipe communicates from below 
the valve with the bottom of the piston and the inlet pipe, 
and a similar pipe of larger diameter communicates with 
the outlet. These pipes are each provided with a stop-cock. 
The valve is yw by shutting the pipe on the outlet side 
and opening that on the inlet ; the inlet pressure acting on 
the bottom of the piston opens the valve. The stop-cock 
on the outlet communication is then opened, and the valve 
is maintained open partly by the outlet and partly by the 
inlet pressure. Should however a pipe burst in the valley 
and so greatly reduce the head of water on the outlet, the 
pressure under the piston will fall and the valve will shut. 

It will be observed that the valves are exceedingly simple 
in construction, there being only one moving part; and in 
all the modifications the whole working parts may be re- 
moved on removing the top cover. 

The applications of this system to economise the water 
supply of cities and towns are numerous. towns are 
more or less unequal in level, and in all cases the pressure 
must be sufficient to command the highest building in the 
highest district, and will therefore be greatly in excess of 
what is required for the lower districts. ‘Towns should be 
divided into districts regulated by the levels, and a governor 
placed in each district so loaded as to reduce the pressure 
to the desired head. The system may be carried further ; 
a trunk main may be run along the principal streets, and a 
qorene placed at each cross street, so as to regulate the 

ow and pressure at each side of the trunk main ; the head 
being modified to suit the requirements of each street. If 
a street is composed of cottages the head may be reduced to 
30 ft. or 40 ft. ; if the pipe is for the supply of street wells 
for the working-classes, then a head of 10 ft. or 12 ft. is quite 
sufficient. The saving of water that would accrue from 
such an arrangement is almost incalculable ; besides which 
the pressure would be reserved for the districts where it 
was required. In the case of a fire in any of the side streets, 
the pressure could at once be increased by placing an extra 
weight on the governor. 

The first modification referred to is specially intended 
for cases where a predetermined uniform pressure is 
sufficient to meet every requirement; such, for example, 
as the junction of side mains, supplying streets of small 
houses, and a trunk main in which it may be requisite to 
have a good head of water. The controlling cistern in this 
arrangement may be placed a few feet from the ground on 


the wall of a house, or fastened to a lamp-post; and the 
full pressure on the trunk main can at once be utilised, in 
the case of fire, by turning a small t -way cock. 


The waste of water from defective fittings will be re- 
duced in direct an gee to the reduction of pressure ; 
and, if taps or valves are carelessly left open, the waste of 
water which takes place by such neglect will be materially 
diminished. 

The second modification is not intended to be used 
as a governor, but simply to reduce the pressure in a 
fixed ratio. For example it may be used as a brake pressure 
valve, and by its adoption the expensive cistern and ball- 
cock arrangements, now generally used for braking the 
pressure on descending mains, can be entirely dispensed 
with. The smaller sizes again are of great value for 
reducing the pressure in service pipes to houses, in cases 
where the pressure has not been previously reduced by the 

overnor. In high buildings which have cisterns at various 
evels supplying water-closets, a valve of this kind on each 
flat will make the pressure at all the flats uniform; the 
injury to fittings caused by undue pressure will thus be 
avoided, and waste at the same time diminished. 

The arrangement of retentive valves is intended to 
prevent the [ere al of emptying a reservoir and flood- 
ing a district by the bursting of a descending main in a valley. 
Many attempts have been made to produce a valve of simple 
construction for this purpose, but the author is not aware 
of any that have proved satisfactory. With this valve the 
action is positive, inasmuch as it closes the moment the 
head on the discharge side is materially dimini 





AUSTRALIAN MeraLiurGy.—A blast furnace was re- 
cently blown in at the Lithgow Iron Works, near Sydney, 





New South Wales, and a rolling mill for working up o 
scrap has been started at Melbourne. 





BARTON AND WEST’S PRESSURE 
REDUCER.* 
By Mr. W. H. Tuomas, of London. 

TxHE object of this invention is to relieve low-lying and 
branch mains, and domestic service pipes, from excessive 
and unnecessary pressure; and thereby to reduce the 
liability to bursts in the former case, and of injury to 
house fittings in the latter. 

For mains the reducer may be made not only to reduce 
the pressure to a fixed percentage of the no head, but 
also to deliver the water at any required pressure less than 
that in the principal main, no matter how the head in the 
latter may vary. Thus, witha pressure in the principal 
main varying under varied conditions of pumping from 
200 ft. to 500 ft. head, the branch mains may be made to 
deliver at a uniform pressure of 60 ft., 80ft., or 100ft. as 
may be required; and should it be desired, this latter 
pressure may be altered instantaneously by the officers of 
the company. 

For house service the small reducers adapted to }-in., 
j-in., and 1-in. service pipes are only made to give a fixed 
percentage of reduction—40, 50, or 60 oy cent. as may be 
required—and they are not susceptible of modification 
when once fixed. There is no reason, however, why, if 
desired, they should not be made precisely similar in con- 
struction to the larger reducers ; the question being purely 
one of expense in production. 

The ae show a reducer cr regulator for a 3-in. 
main, and a }-in. reducer for house service. Reference to 
the longitudinal section in each case will clearly show the 
construction. 

Regulator for Mains.—The main body or outer casing 
of cast iron has sockets or fi to receive two 
inlet and outlet pipes; of these the former communi- 
cates with a circular chamber containing a valve, which 
valve makes or cuts off the connexion with a lower 
chamber, from which the outlet pipe is led. This valve 
is of the balanced class, and whatever be the pressure in 
the inlet pipe there is no tendency to open it. The top of 
the chamber is bo: to an easy fit for the upper disc of 
~ var = the Lo ao to boy : - - the 
ower disc to rest against. e upper of the valve is 
sealed with an india-rabber packing which prevents the 
water getting at the top of it and forcing it downwards. 
Below the lower or outlet face, the body of the valve is 
reduced in any convenient proportion; this reduced 
diameter is preserved through the lower chamber, and 
the bottom end is sealed by an india-rubber i 
similar to that used at the upper end. A bolt, with nuts 
and wrought-iron washers, passing t h the body of 
the valve from top to bottom, keeps the india-rubber joints 
tight; the ends of this bolt are prolonged, the lower one 
fitting in a step at the bottom of the machine so as to form 
a guide, and the upper passing through the top cover so as 
to be acted upon by a lever or dead weight. 

The action of the apparatus is as follows : 

The valve is perfectly balanced, so far as the inlet pres- 
sure is concerned ; hence, if there be no pressure in the 
outlet main, it falls from its seat by its own weight and 
allows the water to pass; but when the pressure on the 
outlet main, acting Lay the annular area, becomes 
sufficient to lift the valve, it forces it back to its seat, 
where it will remain until the pressure in the outlet is again 
reduced. All therefore that is necessary in order to obtain 
a fixed limit of pressure in the delivery pipe is to weight 
the valve, either by dead weight or spring and lever, to 
such an extent as to balance the intended ony ond when 
acting on the annular area. When this been done, 
the pressure in the inlet may vary to any extent, but that 
in the outlet can never rise above the fixed limit. 

As an example may be taken the 3-in. regulator, the 
dimensions of which are as under : 

Diameter, upper and lower discs ... hes 5 in. 
oe lower portion of body of valve 4in. 
Weight of valve oe pom «- S85]b. 
The fixed limit of pressure in the outlet pipe may be as- 
sumed to be 50 1b. per square inch. 

The difference in area between a 5-in. and a 4-in. circle 
being about 7 square inches, and the weight of the valve 
35 Ib., the pressure in the outlet to balance the weight of 
the valve will be 5lb. per square inch. Consequently, 
45 lb. per square inch extra load will be required on the 
valve, if itis to close at 50 lb. pressure. This requires 
45 lb.x7 lb.=315 Ib. downward pressure on the valve, 
which, with a leverage of 8 to 1, would require about 40 lb. 
dead weight. If this be applied, the valve will keep open, 
so long as the pressure in the outlet is below 50 lb. per 
square inch ; but the moment this is exceeded the valve will 
close automatically. This working or delivery pressure in 
the outlet may be instantly increased or reduced by altering 
the weights on the valve. 

Reducer for Service Pipes.—In the smaller class of 
reducers the proportion of pressure in the inlet to that 
in the outlet is constant, and the construction is simpler. 
In this case the inlet chamber is under the valve, the 
upper and lower faces of which are proportioned to the 
variation in pressure requi With a view to avoiding 
stuffing-boxes, two discs of india-rubber are inserted, cutting 
off the water from the backs of each portion of the valve. 
There is a communication between the outlet and the 


upper portion of the valve. 

p vty to give an example, let us suppose the areas of the 
upper and lower valve faces to be as2to1. Then as long 
as the pressure in the outlet pipe does not exceed one- 
the pressure in the inlet, the valve is raised and the water 
will pass ; but the moment the pressure rises beyond that 
proportion, the valve will close, and so remain till the 
pressure is again reduced. The proportional pressure on 
each side of the reducer remains the same, whether the 


* Paper read at the Glasgow Meeting of the Mechanical 
Engineers. 
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water be at rest or running ; and the delivery will in every 
case equal that due to the reduced head. 

An extensive series of experiments was lately made with 
two of these reducers at the South Essex Water Works, 
under the direction of Messrs. Edward Easton and L. F. 
Vernon Harcourt, who have reported that in every sense 
they fulfilled the purposes for which they were designed. 





BARTON AND WEST'S WATER METER.* 
By Mr. W. H. Tuomas, of London. 

THE water meter now to be described belongs to the class 
of piston meters, which register the amount of water 
passing by the number of strokes of a piston moving in a 
cylinder. These are generally admitted to be the most 
accurate of any, but from the excessive cost, unwieldly size, 
and great weight of those hitherto in use, they have not 
taken the prominent pottes to which they are entitled. 
Fe a objections, as will be seen, do not apply to the present 

esign. 

e meter is shown in the diagrams, and for purposes 
of description may be divided into three porter. : 
(1) the body, where the water passing is measured ; (2) the 
valye chamber, in which are situated the valves which 
control and direct the flow; (3) the registering ap- 
paratus, which records the amount of water passed a the 
machine. 

1. The main body consists of an outer case of cast iron, 
cylindrical in form, closed at the bottom, and having a 
— at the top for attaching to the valve chamber. The 
inside of this flange is smaller in diameter than the cylinder 
by about 4in., and is bored out to fit accurately an inner 
cylinder of phosphor bronze, in which the piston works. 
At the bottom of the outer casing lugs are cast, which 
being also bored out to fit the lining cylinder serve to keep 
it central in its place and also to retain it at a short dis- 
tance from the bottom. By this means the water has free 
access from beneath the piston, and encircling the thin 
lining maintains an equal pressure inside and out, and 
effectually prevents any tendency to distortion. The outer 
casing is enlarged on one side, and a port is cut through 
the flange to give a communication between the underside 
of the piston and the valve chamber. 

The piston, which works in the inner cylinder already 
described, is composed of a disc of wood, enamelled so as to 
be impervious to water, and fitted with cup leathers at top 
and bottom ; its specific gravity is as near as may be that 
of water, so that when in work the force required for the 
up and down stroke is the same. On the upper side of the 
piston a rod is fixed, which is slotted for nearly the whole 
of its length ; and in this slot the rocking lever, to be here- 
after described, is placed. 

2. The valve chamber, which rests on the upper flange 
of the body, is divided by a vertical wall into two com- 
partments, one of which is connected with the inlet pipe, 


the other with the outlet pipe. In the top and bottom | 


side of the valve chamber. Four bolts and nuts fix the 
whole machine —— and the joints bei i 
vulcanised india-rubber. 

and put together in a few minutes. 

, a iegaleemenge that the action of the machine is as 
ollows : 

When the j mom is on its down stroke the lower valve 
of the inlet chamber, and the upper valve of the outlet 
chamber, are open. The water, entering above the 

iston in the direction shown, forces it to the bottom of 
the cylinder, at the same time expelling the water from 
the lower portion of the cylinder: this water rises up 
around the inner cylinder, and passes, as shown by the arrows 
through the port, over the valve box, through the upper 
outlet valve, and so away. 

When the piston reaches the bottom, the slotted rod 
acts upon the rocking lever, and so reverses the valves; 
the spring of the phosphor bronze bar, by which the 
valves are connected, making the action quite instan- 
taneous. The position of the valves being reversed, the 
water now leaves the inlet chamber by the upper valve, 
ahd passes down around the my | cylinder, which it 
enters at the bottom. It thus forces the piston upwards, 
and the water above it is discharged through the lower 
valve of the outlet chamber. 

In February last an exhaustive series of experiments was 
made at the South Essex Water Works, under the direction 
of Messrs. Edward Easton and L. F. Vernon Harcourt, 
with a view to test the meter under every possible circum- 
stance that could arise in practice. The meter experimented 
upon was that for }-in service pipe; and the report stated 
that it fulfilled all the conditions required in a good meter. 

The first set of experiments were designed to test the 
correctness of the meter itself, and were conducted by 
weighing the water passed, and comparing it with the 
amount registered by the index. Ten cubic feet, or 625 lb., 
was generally the amount passed at each experiment. 
Under these conditions fifty-seven experiments were made, 
with heads varying from a running pressure too low for 
the pressure gauge to register up to 142 lb. per square inch ; 
and with rates of flow varying from 5.1 gallons, to 1178 


Tasie I.—E£rrors in Separate Tests. 














Mean Error No. of 
Name of Meter. Per Cent. Experiments. 
Siemens* . Dalen AH a4 
Excess 2.6 6 
Kennedy ... * 1| Defect 2.6 10 
Barton and West of Defect 24 35 











* In three experiments with slow discharge this meter 
failed to register at all. 








TABLE II.—Errors 1n ComMBINED TEsTS. 


, the meter may be taken to pieces : 

















575 Gallons per 79 Gallons per 49 Gallons per . 
Rate of Flow... — eg ons. Intermittent.* 
} 
Cub. | Error Cub. | Error Cub. | Error Cub. | Error 
Actual weighed Delivery = Ft. | er | Gall. | Fe. per + Ft. Fee os. Ft. B nw 
* 180.26. | Cent. 3.21. | Cent. * | 3.21. | Cent. , 16. ent. 
Siemens’ meter registered ...| 464| .. | 72] 16 | .. | 20.0 | nil - | 6 | .. | 40 
Kennedy’s meter registered ...| 496 0.8 | 22 co -f BO: | nil. | 100 Souk nil. 
Barton and West's meter re- | 
gistered ... ae a ee 79.75 | 0.6 3.10 | 3.4 .. | 315 | 1.9 os 16 | nil. 






































* Intermittent flow ; water turned on 10 seconds and off 5 seconds. Pressure varied from 80 lb. to 70.lb. per square inch. 


of each of these compartments are circular openings ; of 
these the lower lead direct to the cylinder above the piston, 
while the upper communicate with the underside of the 
piston by means of the port before alluded to. The 
valves covering these four openings are all connected 
and act ga gay 5 and are so arranged that while 
the lower valve in the inlet compartment is open the 
upper in the outlet is also open, and vice versd. Each 
pair of valves is centred on knife edges upon the centre 
wall of the valve chamber, and is actuated by a rocking 
lever, which vibrates also on knife edges, and strikes the 
lower valves alternately as the piston reaches the top or 
bottom of its stroke in the measuring cylinder, thus divert- 
ing the flow and discharge to the — and lower surfaces 
of the piston alternately. The valves have leather seats 
and are of phosphor bronze, as are the rocking lever 
and the spring bow to which it is attached. 

3. The registering apparatus is extremely simple, and 
records up to 1,000,000 cubic feet of water passed. The 

iston at the top of its stroke raises the long arm of a 
ever, to the short arm of which a pawl is attached ; when 
the piston falls again, the weight of this lever causes it to 
follow, and the pawl moves a ratchet wheel, in which it 
ars, one tooth. Six discs of metal, each having the figures 
to 9 legibly stamped upon them, are connected by a train 
of wheelwork in a manner similar to the ordinary counter 
used in marine and other engines, so that the exact number 
of cubic feet passed can be read off at any time. The }-in. 
meter makes sixteen double strokes to the cubic foot of 
water passed, so that the actual quantity may be read to 
one-sixteenth of a cubic foot, or less than one gallon. 

The meter in all its parts is simple in construction, and 
the liability to disarrangement has been reduced to a mini- 
mum. There is but one stuffing-box, which is for the 
spindle of the ratchet wheel, where it passes through the 


















































* Paper read at the Glasgow Meeting of the Institution 
ical Engineers. 
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Tasiz III. 
Inlet 
Pres- se Kennedy. Siemens. |Barton & West. 
ipe. 
sure. 
. n » 2 ‘ 
a 3 g | 8 gf 2 
TEREAG SCAG BE 
i i ca|Se] é Gel E | Ge 
3g | si Bes 3 fe 3 Be 3 
Bek | se) 213k] B | SE 
& |A~|A*| 6 |A*®1 5] 4 6 
0 at us on ia 155 0 
10 395 | 319 7 158 2 304 6 
20 a om ove _ 426 9 
30 643 6 541 17 
40 La be sae ooo 613 20 
50 684 | 34 383 8 688 27 
60 a 408 9 754 32 
70 ove one pve 450 cee 817 34 
80 eve oad oe 464 | 12 872 42 
90 ni _ “ eee im 931 45 
100 a 524 16 995 53 
110 pte ove ose jo 1031 55 
120 | 1451 os 589 18 1097 60 
140 has io ove 648 | ... 1178 70 
160 eee ose 667 25 
gallons per hour; also with intermittent flows. Under 
these extreme variations the meter in every instance 
registered the actual discharge within the smallest limits of 
error. 





Two other }-in. meters, selected as the best of their re- 


with ive were then submitted to tests under 
nese S precisely 


The comparative accuracy of the 


hree is shown in ; 
Pan ai through the fone a 
whole o! was 
and thociohe of tho segues was , the inlet 
being in ovary. gene 340 BD per square The 


under i 
compared in afew instances with the unobstra 
through the 4-in. pipe ge the: peer 
pressures in every ins were with gauges 
close to the instrument on the inlet and outlet pipe. It 
will be seen that at every pressure the Barton and West 
meter will pass about 45 per cent. more water than the 
Siemens meter of the same size can deliver. 





FOREIGN AND COLONIAL NOTES. 

Iron from Queensland Ore.—A motion introduced into 
the Queensland House of Assembly for on the esti- 
mates a sum of 50001., as a bonus for 
iron produced from Queensland ores, has been withdrawn, 
a a depression of the iron trade in other parts of 

e world. 


Formation of Coal sits.—A paper on this subject 
was read recently before the French Academy of Sciences 
by M. Frémy, who maintained that a vein of coal does not 
represent a mass of tion which has been changed 
directly into coal by distillation under pressure. It is, 
indeed, a product of the decomposition of substances 
derived from vegetation, but the plant from which coal is 
ultimately formed must have lost all trace of organic struc- 
ture before the modification took ee of which coal is the 
result. M.Frémy adopted a synthetical process to find 
out, if — how coal was produced, and proved that 
while fibre could not be conve into anything presenting 
the character of coal, certain substances of vegetable 
origin admitted of such conversion. These substances 
were 8 , starch, gum, vasculose, chlorophly, &c. An 
artificial coal formed of these substances yielded gas, tar, 
water, coke exactly like pit coal. Gum, enclosed with 
water in a sealed tube, and submitted to heat, was changed 
into a coal containing carbon, 78 per cent., hydrogen 5 per 
cent., oxygen 16 per cent., or very much the same _propor- 
cnalgtle af Stepayocnl, Sachnigna haeiabaeiaaen ne 

ysis 0 . In studying ligni peat, M. 
7 was struck by the amount of alinic acid—fre- 
uently from 50 to 60 per cent.—contained in them, and by 
the fact that the vegetable structure disappeared in pro- 
portion to the content of acid. He accordingly carbonised 
samples of the latter, and found that they were also con- 
ve into presenting the cattery character of fossil 
coal. From his cqpeuneay, M. Frémy concludes that 
coal is not di! the result of vegetable substances ; that 
the impressions of plants sometimes found in it have been 
produced after the constitution of the combustible ; that 
there are two stages in the formation of coal, the first con- 
sisting of a fermentation of peat, while the second consists 
of the transformation of alinic acid into a mineral fuel, 
under the combined action of heat and pressure. 


Melbourne and Oakleigh Railway.—A railway. from 
Melbourne to Oakleigh, which completes the connexion 
between Gipp’s Land and the Victorian metropolis, was 
formally opened for traffic by the Marquis of Normanby on 
April 2. The contract for the construction of this section 

the Gipp’s Land Railway was signed September 24, 1878, 
so that it has taken more than five months to com 
the section, while four months was the contract time. 
Though the railway runs from Prince’s Bridge to reory 2: 
the + | portion of the line requiring construction was t f 
from South Yarra to Oakleigh, as the purchase of the 
Hobson’s Bay Railway has enabled the Victorian Govern- 
ment to use that line as far as South Yarra for the Gipp’s 
Land traffic. The amount of the contract was 48,8681., 
and the length of the line is nearly seven miles. The 
Government have in addition to provide for the erection of 
stations, for rolling stock, and for the cost of land taken, 
and other items of expenditure which could not be brought 
into the contract. In the Melbourne and Oakleigh Rail- 
way Construction Act 25,0001. per mile was the amount 
authorised. The actual expenditure on the line, including 
land, compensations, stations, and all other expenses in- 
cidental to its construction is estimated at 159,2001., so 
that as the expenditure under the Act might have reached. 
172,5001., a saving of 13,3001. is claimed. 


Rails on the Chicago, Rock Island, and Pacific Rail- 
road.—In the year endi h 31, 1879, about 162 miles 
of track were steel railed on the " , and 
Pacific Railroad. Mg’ to March 31, 1879, 612} miles of 
steel rails, — to 57,762 tons, costing 4,083,139 dols., 
id in the tracks of the company. f the 
above amount 8650 tons were of English, and 49,112 tons 
of American make. The ~ bd ogy as an experi- 
ment in 1865, cost 234 dols. per ton. The average price 
ees has been 70 dols. per ton, the lowest 43 dols. ton. 
rom the best of the iron rails re by steel du 

the past year, the tracks of the Audubon and Harlon 
Branch Roads, and over nine miles of side tracks were 
laid ; the balance of the iron rails were used in part pay- 
ment for steel. The entire cost of all steel rails purchased 
last year was charged direvtly to operating expenses. A 
new iron bridge, 550 ft. in le , over the Des Moines 
river, at Eldon, and four i 

replaced wooden structures, and the entire cost 
charged to the repairs of bridges account, 





American Bridge Building.—The Ki e Bridge 
Works have started to run night and day. 


busy just now, having a large number of orders from every 
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part of the United States. The company have contracts 
with the Cincinnati Southern Railway and the Louisiana 
Western Railway companies for ding all their new 
bridges and spans. About 300 men are employed at these 
works. 


Death Mr. Wrigg, C.E.—The death of Mr. H. 
Wrigg, C.E., took place at Timaru, New Zealand, May 20. 
tims bn Be engineer to the old lent wecken 

e as e 0 y . He 
wards went to the south, where he remained. 


The World's Steel.—The production of steel effected by 
Great Britain last was 807,527 tons. In the same 
year the United States made 732,226 tons of steel; Ger- 
many, 240,000 tons; France, 140,000 tons; Belgium, 
75, tons; Sweden, 20,000 tons; and Austria, 25,000 
tons. The aggregate steel production of the world was 
thus something over 2,000,000 tons last year. 


Tiffany igerator Cars.—The National Tube Works 
Company, of Boston, have em ay six refrigerator 
ears for a southern railroad, to be used in the transporta- 
tion of strawberries from Charleston, South Carolina, to 
New York. They are the first of such cars ever built with 
a framework of wrought-iron tubes and steel rods. 


Snags and Dynamite.—Mr. R. R. Hunt describes, in the 
* Transactions of the New Zealsnd Institute,’ the method 
on the Waikato river to remove the snags which 

obstruct the navigation and have repeatedly led to the 
wrecking of river craft. The Waikato Steam Navigation 
Com , the main sufferer, determined to use dynamite for 
away the obstructions. The work, as far as the 
dynamite was concerned, was of the ordinary character, 
but two special provisions were adopted in the iminary 
operations. First, a boat was secured by double moorings 
the site of the snag, so that by paying out the moor- 

t could be suffered to drop down stream exactly 
; ing the stump, use was 
ulic telescope,”’ 

i of glass at the 

two handles, by which the tube could be held 
to the eye. By the aid of this instrument the snag 
m, and the best part for boring the hole 

be chosen. This was an important point, as if, in 
absence of the power of selection, the hole was acci- 
bored into a wrong of the snag, the dynamite 
practically wasted, the due effect being only felt when 
say eden Neg) = ey ber pe The in- 

having been made a was bored with a 1}-in. 
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then ingurted ond exploded by afess. As esen 
was lighted, the ropes were 
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boat drawn up stream some 50 ft., which was found in all 
cases sufficient to protect the occupants from " d on the 
explosion taking place. Then the ropes were paid out to 
the same length as before, and in this way, with the use of 
two ropes, the boat was certain to return to the exact spot 
it had previously occupied. This was an important matter 
in amine time, as it was difficult to discover through the 
rippling water the exact site of the snag, which it was 
necessary to revisit in order to ascertain whether or not 
the charge had done its work. It was found to be false 
economy to use too little dynamite, as the explosion then 
only shattered the stump, and a second 
sitated double or treble the amount to clear it away 
entirely. Asa rule half a pound of dynamite was req 
for a stump 2 ft. in diameter; but a snag 4ft. in diameter 
was only removed by a charge of 1$1b. It was remarked 
that the stumps were invariably cut-off at the bottom of 
the augur-hole, leaving a flat surface, as from a cross-cut 
saw, and it has been suggested that a similar mode of felling 
large trees would save many serious accidents to the men 
employed. The cost of oe up a snag by dynamite is 
about one-third of that required for removing it by sawing. 
On an average three men will blow up eight snags per day. 


Steel Armour Plates v. Shells.—A series of experiments 
were commenced recently at La Spezzia, Italy, in the 
eae of Herr Krupp, the representatives of the Terre 

oire Works, and others, to test the resistance of steel 
armour plating against a 100-ton Armstrong gun, and the 
respective merits of the projectiles furnished by Armstrong, 
Gruson, Whitworth, Terre Noire, and San Vito. Two 
projectiles were to be fired against each of four Terre Noire 
plates, 9 ft. by 4 ft. 8 in., and2 ft. 4in. thick, at a distance 
of 500 ft. from the gun. The two best were to be tried 

inst the steel furnished by Saint Chamond. The terrible 

ciency of the projectiles first tried thwarted these 
ey oe + round was fired with a —— 
(San Vito) from the Government manufactory of Fossano, 
made of chilled Gregorini cast iron, weighing 2022 Ib., the 
charge being 550 1b. of powder. The shell was projected 
with the ity of 1715 ft. per second. It struck the 
the plate to a depth Shin. d oe ee t 

e p a in., an ing away @ third o 
it. The second round was fired with a Whitworth pro- 
jectile weighing 2110 lb., made of compressed steel, with a 

lened point 3 in. long. The steel pierced the em 
22 in., and ing away a third of it, passed through the 
backing, remaining itself almost intact. The third round 
was fired with an Armstrong projectile weighing 1946 Ib. 
The steel penetrated = 12 in., completely shatter- 
ing and dislodging it, rendering the unfit for 


urther practice, but failing to penetrate the backing. 
Government commission on the subject has not 


fi 
Although a 


operation neces-! 17 





reported its opinion, the general conviction is that these 
experiments fully proved the utter inefficiency of steel plates 
for defensive purposes. 

Car-Building in the United States.—The Harrisburg 
Car Company, Pennsylvania, commenced work on a new 
contract for 250 four-wheel box cars for the New York 
Central and Hudson River Railroad Company, a few days 
since. The company has contracted to remodel and en- 
large 200 of the Westmoreland Coal Company’s cars. The 
Harlan and Holingsworth Company of Wiltnington, Dela- 
ware, have ship six narrow-gauge palace cars to the 

anhattan Railroad Company of New York, and 


four open rcars to the Delaware Bay and Cape 
uired = Railroad. The Lobdell Car Wheel Company, of 


I ,are making a large addition to their already 
extensive works. . 

Canadian Railways.—The extent of railway in actual 
operation in the Dominion of Canada at the close of the last 
fiscal year was 6143 miles. In addition, rails had been laid 
upon 721 miles, and 1041 miles were under construction, 

ing a total completed and in course of construction of 
7905 miles, (so that railway building has been active in 
Canada during the last year or two. 

The Victorian Ezhibition.—At a recent meeting of the 
Victorian Exhibition commissioners, a report was received 
from the executive committee recommending the adoption 
of the following estimates of expenditure, in addition to 
the 100,0001., which will be absorbed by the cost of the 
main,building now being erected, and of various extras, such 
as new palisading round, and the laying out and planting 
of the grounds: Two permanent machinery annexes, 
18,5521. ; refreshment rooms, lavatories, and offices, 10,0007. ; 
temporary extensions, 102,0001.; total, 130,5521. The 
commission assented tothe first two items, but postponed 
that of 102,000. for further consideration. No definite 
announcement of the views of the Government with regard 
to this proposed additional expenditure has been made. 


South Australian Railways.—Bills are about to be in- 
troduced into the South Australian Parliament for the con- 
struction of a line of railway from Narracoorte to the 
Tatiara, and for the extension of the Blyth Railway to 
Gladstone vid Yacka and Georgetown. In accordance with 
the expressed wish of the Colonial Parliament a survey of 
a line of railway from Port Darwin to the reefs has been 
made. The estimated cost (1,113,6711.) is, however, so 
great that the South Australian Government are unable 
to recommend the construction of the line. 

Drainage of Adelaide (S.A.).—Plans for carrying out a 

i home at Adelaide, South Australia, are in a 
fi state of preparation, and tenders have already 
been invited for the construction of a main sewer. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. ilps 
In our article last week (vide page 112 ante) on the 
recent very successful meeting of the Institution of 
Mechanical Engineers at Glasgow, we were able to 
deal fully with the first day’s proceedings only, and 
we have now to s of the ene on the 
remaining days of the meeting. On the second day, 
Wednesday, the 6th inst., the members 
assembled in the morning at 10 a.m. at the Corpora- 
tion Galleries, when the reading of the papers was 
receded by a short address by Professor James 
omson, in the course of which he explained, by 
the aid of diagrams, the results of his investigations 
into the action of water flowing round the bends of 
rivers. These results were very interesting, and 
they were further explained by an apparatus fitted 
up in an adjoining room, this apparatus enabling the 
action of such currents to be illustrated experi- 
mentally. We hope to be able to give further par- 
ticulars of this apparatus, and of Professor James 
Thomson’s deductions, at some future time, 


THE ForGING oF CRANKSHAFTS. 

On the conclusion of Professor Thomson's re- 
marks the reading of papers was proceeded with, 
the first paper read being one ‘On the Forging of 
Crankshafts,” by Mr. W. L. E. McLean, of the 
Lancefield Forge. In this paper the author gave an 
interesting account, well illustrated by diagrams, of 
the methods of forging large crankshafts generally 
in use, and especially of the system which had for 
many years been adopted at the Lancefield Forge, 
an establishment which, as is well known, has a 
high reputation for this class of work. Inasmuch as 
we me Mr. McLean’s paper in extenso elsewhere 
in the present number, it will be unnecessary that 
we should analyse it here, and we may, therefore, 
proceed to give an account of the discussion. This 
discussion, at the invitation of the President, was 
opened by Mr. Edward Williams; the President of 

e Iron and Steel Institute. Mr. Williams stated 
that he had had no special experience in the forging 
of large shafts, he having been principally engage 
in the manufacture of iron and steel by rolling, but 
it appeared to him that a weak point in Mr. 
McLean’s system of forging was shown by the dia- 
gram, Fig. 25, exhibited (see page 137 of the present 
number). This diagram showed the slabs 6 in. 
shorter than the surface on to which they were to 
be welded, it being stated in the paper that these 
—- were adopted to permit of the slabs 

engthening and widening under the hammer so as 
to cover the surface on which they were laid. He 
(Mr. Williams), however, considered that it would 
be preferable to make the slabs the full length at 
once, and to cut off any excess which might draw 
out under the hammer. 

Mr. Jamieson, who spoke next, said that few men 
had had-so much experience in forging large crank- 
shafts as Mr. McLean, and that in such matters as 
that referred to by Mr. Williams, experience was 
everything. A demand would he considered arise 
for much larger shafts than were at present required. 
He believed that at no very distant day the Atlantic 
steamship service would be such that it would: be 
possible to leave Great Britain early in the week 
and arrive at New York at the end of it; but this 
of course would necessitate the employment of larger 
vessels and more powentel oneines: He vt 
considerable experience in the building up o large 
shafts in ~~~ pieces, and the firm with which he 
had lately been connected (Messrs. J. Elder and Co.) 
had constructed in this way a shaft weighing 56 tons, 
this being a three-throw shaft and built up of fifteen 
pieces. Within the nextten years, shafts weighing 100 
tons would he considered probably be required, and 
he believed that the proper way. to construct such 
shafts was to build them up, a shaft so built up in- 
volving much less loss of time for repairs or renewal, 
in the event of failure, than would be the case with 
a solid shaft, 

After a few words from Mr. J. Whitley, who 
strongly advocated the construetion of, shafts of 
steel compressed while in a molten state, Mr. 
Edward Reynolds, of Sheffield, made some remarks 
on the subject under discussion. Mr. McLean had, 
he observed, described the right way of putting on 
slabs so as to secure a sound forging. Formerly a 
large number of works used to make Collinge axles 
for road vehicles, and at one time he (Mr, Reynolds) 
had had a good deal to do with turning and finishing 
‘such axles, A difficulty they had with them was tha 
they went oval during the casehardening process in 
consequence of the manner in which they were piled. 
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vantage of breaking, — that 
by accident that a shaft — could be.made 
sound. Mr. McLean had, in paper, 
the use of steel, but in — this he gone some- 
what out of his depth. He (Mr. Reynolds):could 
state that no steel shaft been made by his 
firm (Messrs, Vickers, Sons, and Co.), in which the 
piece cut out between the webs of the crank ‘could 
not be bent double cold and broken without show- 
ing a crystalline fracture. Steel shafts were neces- 
sarily more costly than iron, on account of the full 
weight of the shaft having to be dealt with from the 
commencement of the forging operations, whereas 
with iron shafts the forging was built up by suc- 
cessive additions, and more time could be taken in 
the operation. In conclusion, he remarked that he 
had been informed that in America many locomotives 
were running with steel crankshafts cast only and 
not forged. 
The next speaker was Mr. George Ratliffe, of the 

Mersey Iron and Steel Works, who commended the 

ractical character of Mr. McLean’s paper. At the 
Mersey Iron and Steel Works on , he stated, 
always used the system advocated by Mr. McLean, 
except that they made the slabs the full length of 
the surface to which they were to be welded, as 
recommended by Mr. Edward Williams, The slabs 
drew out under the hammer, and the excess which 
was cut off was of a convenient size for forging down 
into another ‘‘lay.” He differed from Mr. McLean’s 
opinion that puddled iron was not so good as scrap 
as a material from which large shafts should be 
forged. He (Mr. Ratliffe) considered that scrap 
was too variable in quality, and at the Mersey 
Works it was their practice to use puddled bars 
made from cold blast iron, such as eley Wood, 
&c. This material gave small crystals like steel, and 
a 1} in. or 1} io. bar would bend double, Puddled 
iron, if made from cold blast pig, was not cheaper 
than scrap, so that it was not on the score of chea 
ness that they used such iron. As regarded steel, 
he looked forward to the time when steel shafts 
could be made as much cheaper than iron shafts as 
steel rails are now cheaper than iron rails, All cast 
steel was crystalline, and fibre could not be got 
without working, and this fibre was wanted for 
shafts. Steel he regarded as ingot iron, and they 
were now making some crankshafts of steel ingots 
rolled down to small bars and “pom for forging. ‘The 
steel so treated welded as well as wroughtiron, and 
was vastly stronger. He exhibited a sample made 
from steel bars 3 in. by } in. piled 12 in. high and 
drawn out, and it would be observed that the welds 
could not beseen. Mr. Jamieson had remarked that 
it was an awkward matter to delay a vessel for the 
construction of a new shaft forged in one piece ; 
but he thought he might say that both he and his 
friend Mr. McLean would be happy to make either 
solid shafts or the parts of built-up shafts, He might 
observe, however, that the weight of metal cut to 
waste in finishing a built-up shaft was greater than 
in the case of a solid shaft. In reply to a question 
he further stated that he had sold a made 
from welded steel at 90/. per ton, but he believed 


had | that ultimately they would be made at the price of 


iron, 
The next speaker was Mr, Peacock, of Man- 
chester, who stated his experience had shown that 
in the case of crank axles for locomotives a greater 
mileage was obtained from those made of good 
scrap iron than from steel, But to secure this result 
it was necessary to have scrap of a high quality, 
and he had found that for this Lowmoor or 
Bowling boiler plates. cut up into strips did best. 
Mr, McDonnell, of the Great Southern and Western 
Railway of Ireland, agreed with Mr. Peacock that 
really good iron crank axles gave excellent results, 
but at the same time he did not consider them equal 
to steel. With steel crank axles, he had got a mil 
up to 300,000 miles. He had been using: crucible 
steel crank axles for twelve years, and during | this 
period he had only had three failures. One of these 
axles which failed broke through a flaw soon after 
being set to work, the second broke in an ordinary 
place after running- 111,000 miles, while the third 
did not break but showed signs of flaws in two 
laces, and was taken, out,/.He had also a lot of 
er steel crank. axles,in use, and these had 
been made by two makers, Amongst those supplied 
by one maker there had been some. breakages, but 





ith plenty 

w, : m the question 
of material the - mode crear the feagih of 
large shafts was a matter of great importance, and he 
expressed every confidence in the system adopted at 
the Lancefield Forge. 

Mr. McLean then replied to the remarks made 
upon his paper. He had, he said, no intention of 
competing with steel shafts except as regarded price. 
At the Lancefield Forge they would be happy to 
make forgings of steel if ordered, but scrap iron 
shafts were almost always specified. As regarded 
Mr. Williams’s remarks he has found that the slabs 
referred to (see Fig. 25, pee 137) came to a weld- 
ing heat much more quickly than the body of the 
forging, and that when under the hammer they drew 
to the full length of the body while being welded. 
He had tried the use of longer slabs, but had found 
noadvantage. In the manufacture of shafts he was 
anxious to improve the quality of the scrap by roll- 
ing it into bars in the manner which had been de- 
scribed. He did not believe that when subjected to 
the action of water on a hot-bearing steel would 
behave better than iron. : 

The President, Mr, Robinson, in summarising the 
discussion, remarked that Mr. John Ramsbottom 
had, he believed, many years ago patented a system 
of welding by friction, the action being somewhat 
similar to that which took place when the short 
slabs referred to by Mr. Williams were drawn out 
pont bare mag g = ode manner which had 7 
e ed by Mr. As regarded the kind 
of scrap used for crankshafts, there seemed to be a 
general opinion that a high quality was desirable ; 
but whereas Mr. Peacock and other locomotive 
builders secured this quality by using scrap from 
best Yorkshire boiler plates, Mr. McLean having to 
deal with vastly larger masses, was compelled to 
purchase scrap of a more common kind, and then 
to overcome the difficulty by working it up and re- 
rolling it in the manner which had y ek escribed, 
thus securing the desired quality. It was, he con- 
sidered, a mistake to speak of steel as one material. 
In reality steel varied in quality as much as iron, 
and there was good steel and bad steel. Some years 
ago he and Mr. James Kitson had had to examinea 
steel crank axle which had failed, and caused an 
accident, and by the aid of a microscope they dis- 
covered no less than seven flaws in it. Of course 
such a microscopic investigation was impossible in 
regular practice; but the results obtained by Mr. 
McDonnell showed that better axles were now in 
use. After a few remarks on the observations 
made by other speakers, the President proposed a 
vote of thanks to Mr, McLean, which was carried 
unanimously. 

Water Power Enenves. 

The next paper read was one by Mr. John Hastie, 
of Greenock, ‘On Water Power Engines with 
Variable Stroke.” This paper we printed in extenso 
on page 106 of our last number, while on page 363 
of our twenty-sixth volume we illustrated and de- 
scribed fully the ingenious engine-with which it 
dealt. The discussion on Mr. ie’s paper was 
opened by Mr. Stephen Alley, of Glaegow, who 
commended Mr, Hastie’s and said that the 
arrangement was one which he had himself tried to 
invent without succeeding to his own satisfaction. 
He had,-he added, tested Mr, Hastie’s engine, and 
+ obtained results agreeing with those set forth in 

@ paper, 

Professor Kennedy also commended..Mr. Hastie’s 
plans as meeting a great want, Another arrange- 
ment ‘for effecting the same end had, he might 
mention, been designed by Mr. Henry Davey, of 
Leeds, who caused a governor on the engine to 
actuate a valye admitting water from what might 
be termed an exhaust water chamber, the arrange- 
ment being such that during a portion of the stroke 
waste water only was oak . R. H. Tweddell 
also considered Mr, Hastie’s arrangement of engine 
a useful one, and referring to the table of results 


fro 
g out 





given in Mr. Hastie’s paper he pointed out that 
these showed an in efficiency as the length 
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. Arthur Paget, of Loughborough, who spoke | agreed. 


next, asked wh the adaptability to different 
loads which Mr. Hastie’s plans affo' had not been 
secured—or attempted to be secured—by the em- 
ployment of variable gear between the engine and 
the machinery it had to drive, the s of the 
engine relatively to this machinery being made 
greater as the power required was i ? He 
(Mr. Paget) was under the impression that some- 
ay apt eg Scena: “heyy ed many years ago 
by the late Mr. Francis Wise. He was unacquain 

with the details, but he believed that a belt capable 
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In reply to an inquiry he stated that he 
had had one of his engines working about two 
years, and fourteen such engines were now at work. 
A load of 14 cwt. on the chain was sufficient to run it 
down. ‘Too much stress had, he thought, been laid 
on what was considered complication. In reality 
his engine was very simple and the movement of 
the cam was very little, it only having to — 
itself once for each lift. The lar, engine he 

yet made on his plans was one developing 6-horse 
power when ooking with a water pressure of 55 lb. 





per square inch. 
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of the present number, and of which, as well as of 
many other of the works visited, we give an account 
elsewhere in our present issue. 

On the evening of Wednesday the majority of the 
members attending the meeting dined together at 
the Grand Hotel, the President, Mr. John Robin- 
son, occupying the chair, and there being upwards 
of 200 present, including the Lord Provost and a 
number of guests. We have no intention of deal- 
ing here with after-dinner toasts and speeches, but 
we may remark that advantage was taken of the 
opportunity afforded at this dinner of drinking the 
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FURNACE SHED 


PLAN OF MESSRS. NEILSON AND ©O.’S HYDE PARK LOCOMOTIVE WORKS, GLASGOW.—(For Description, see Page 129.) 


of being shifted on opposed cone pulleys was em- 
ployed, or as an alternative a driving rope working 
on a rope pulley which could be expanded and con- 


Mr. Ellington, of Chester, considered that the 
value of Es the power of hydraulic engines had 
been generally overrated. Such engines were only 
adapted for use under ial conditions, and when 
these conditions existed the cost of the water used 
was of minor importance, For most lifts it was pre- 
ferable to use a ram acting on chain pulleys rather 
than an hydraulic engine. Mr. E. C. Welch also 
considered that the value of the loss of effect due to 
the ante wy & water-pressure engines had 
been overrated. is loss was, hie Btated, less than 
that arising from the friction of — &e., in 
cases where steam power was transmitted to con- 
siderable distances. 

—. the discussion Mr. Hastie remarked 
that . Davey’s arrangement of engine, as de- 
scribed by Professor Kennedy, necessitated the 
employment of an extra valve, while as regarded 
the plan described by Mr. Paget, he had himself 
tried to scheme a similar arrangement, but had been 


unable to adapt it to work'with gear, although it 





en belts could be used.’ With Mr. | 





After a few words from the President a vote of 
thanks was proposed and voted to Mr. Hastie for 
his r, and a paper by Mr. R. E. Crompton “On 
the Working of tion Engines in India,” was then 
read, the discussion, however, been postponed until 
the following day. We commenced the publication 
of Mr. Crompton’s paper on page 106 of our last 
issue, and we shall complete it next week; mean- 
while we may remark that it contains an interesting 
account of the working of india-rubber tyred traction 
engines in India, with much valuable statistical in- 
formation. 

For the afternoon of Wednesday two excursions 
were available, the one being to the Steel Company 
of Scotland’s Works at Newton, near Glasgow, and 
the other to the North British Iron Works at Coat- 
bridge, and the Coatbridge Tin-Plate Company's 
Works. The works of the Summerlee Iron Com- 

y, and of Messrs. Neilson and Co., and of 
essrs. W. Baird and Co., at Gartsherrie, were 
also included in this latter excursion, but there was 
not time to examine them. They were, however, 
visited by many members during the week. For 
each of the excursions above mentioned, special 
trains had been provided and the visitors were most 
hospitably received at the various works. Much 





health of the local secretaries, Mr. Millar and Mr. 
Gale, and acknowledging the great indebtedness of 
all who had taken part in the meeting, to the labours 
of these gentlemen and the local committee, 


TRACTION ENGINES IN INDIA. 


On the reassembling of the members at the 
Corporation Galleries on the morning of Thursday 
the 7th inst. the discussion was taken on Mr. 
Crompton’s paper “On the Working of Traction 
Engines in India,” which had, as we have already 
recorded, been read the previous day. Before the 
discussion began, however, Mr. Crompton gave 
a few additional particulars as to the cost of road 
i in India. He said that packages which 
were sufficiently small to be carried on camels 
could be taken at the rate of about 5.28d. per 
ton-mile, while the carriage by bullock cart of 
heavier packages cost 6.0d. per ton-mile as against 
3.5d. for the traction engine carriage, a cost which 
would, he believed, be reduced to 2.8d. in Eng- 
land, when allowance was made for the altered 
and improved circumstances, The cost of carry- 
ing goods in this country by horse and cart seemed 
to vary from 6d. to 12d. ton-mile ; from’ his 
own experience he thought 9d. was about an 
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average figure in the neighbourhood of London. 
The cost of tramway (passenger) carriage has been 
approximately as follows, in ce per car-mile: 
Glasgow Company, 10.3d. (lately, while forage has 
been excessively Tip - reduced to 9.8d.); North 
Metropolitan, 12.6d.; London, 12.45d.; Edinburgh, 
14.6d., average, 12.5d., which corresponds to about 
0 78d. per passenger mile. He estimated the cost 
of conveying passengers in India by traction engine, 
in large cars capable of holding 112 passengers 
each, and carrying on an average 44 (taking the 
same proportion to the capacity of the car as found 
to exist here), at 0.45d. per passenger-mile, the cars 
running at intervals of, say, 45 minutes. 





Tunber Drying Shed 











se “ 











Cao oem 


M. Francq, what seemed to be an extremely detailed 
account of his ‘locomotive sans foyer,” but the 
connexion of this with road locomotives in India or 
elsewhere, not being quite obvious, the President 
suggested that if M. Francq wished to bring his 
engine before the members he should make it the 
-% of a special paper. 

r. Brodie having made a few remarks about the 
working of one of Messrs Aveling and Porter’s road 
rollers at Liverpool, Mr. Buckley said that from ten 
years’ experience of Indian work he could well appre- 
ciate the enormous difficulties which Mr. Crompton 
must have had to surmount in introducing a new 
system of this kind in that most conservative of 
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The next speaker was Captain Lousada, the ma- 
nager of the G w Tramways Company, who 
some years ago introduced into Glasgow the system 
of hauling heavy loads (boilers, &c.) from the yards 
to the quays by means of Thomson’s engines, a 
system which rapidly became most su ul, and 
has now for long supplanted all other means of 
haulage in the city. Captain Lousada attributed the 
success of these engines chiefly to the use of the 
flexible tyre, which gave such an enormous adhesion 
even on the muddy and slip soil often to be 
found inthe yards, just in the place wherethe heaviest 
ie had to be exerted in getting the load started. 
he engines used were of from eight to twelve-horse 








2 2h ee 





Forge, 
90.0 «80.0 





*  Segitis Sige 
479.0% 85.0 



























ele 


eit 


256° 










Sots se 











Offece 






Brass 
Foundry 


ural 








PLAN OF THE NORTH BRITISH RAILWAY WORKS COWLAIRS, GLASGOW.—(For Description, see Page 130.) 


Mr. Muirhead, who had been Mr. Crompton’s 
assistant in India, said a few words about the ar- 
rangement of the blast pipe (carried downward to 
the baffler) and of the spark-catcher, which he said 
were those arrived at, and found to be the best, after 
many experiments. The wear of the tyres was due 
chiefly, he believed, to overweight resting on them, 
or, what was the same thing, to deficient thickness 
of india-rubber for the weight of engine. He also 
spoke very highly of the efficiency of native drivers. 
They had been easily trained, and had given no 
trouble whatever, while their original European 
drivers unfortunately had led them into some serious 
accidents through inability to resist the temptation 
of drink. 

Mr. Jeremiah Head remarked that the road 
steamer was very similar in general appearance to a 
small shunting engine known in his neighcourhood 
as a ‘‘coffee-pot” engine. This engine, however, 
was excessively noisy in its gear, and by no means 
altogether satisfactory. No doubt the blast nozzle 
was put in quite the right position, but the arrange- 
ment would be further improved if the part of the 
chimney inside the boiler were made to taper some- 
what to a larger diameter at its top end. 

M, Bergeron commenced te give, on behalf of 








countries, Cheapness was everything there—a point 
by the way, which can hardly be claimed as a cha- 
racteristic specialty of India—and unless the cost of 
working with new implements was very aoa | 
less than with the most primitive of two-thoueand- 
year old appliances, the former had no chance of 
supplanting the latter. As to the native drivers 
he was glad to hear, and to be able very fully to 
corroborate, Mr, Muirhead’s remarks, He found 
that a man whose wages were only 2d. or 3d. a day 
learned to drive an engine fairly well in a few 
weeks ; the natives could be entirely trusted in this 
respect. The system advocated by Mr. Crompton 
he considered excellent for India—the roads there 
were well suited for it, and it had a great future 
before it. But the figures given by Mr. Crompton 
at the commencement of the discussion were cer- 
tainly much higher than the rates would be in 
Bengal ; he believed they were intended to apply to 
the Punjaub. On the trunk road in Bengal he had 
found the cost of carriage to be 3.5d. to 4d. per ton- 
mile by bullock cart; once it had been as low as 2.43d. 
By canal boat, of course, the rates were very much 
lower. In Bengal, at any rate, the cost of convey- 
ance by traction engine must be reduced to 1.5d. or 
2d. per ton mile before the system could succeed. 





power, and one of the larger size was able to go 
into an engineer’s shop, haul out any piece of ma- 
chinery, and put it just where required. With loads 
of 50 tons weight three engines were used, but 
there was no difficulty in handling them. As to 
the use of steam on tramways, there was first the 
difficulty that the existing rails were not heavy 
enough for steam traffic, and a heavier permanent 
way would have to be used. He suggested the 
possibility of using a road steamer or other traction 
engine which should run on the causeway and not 
on the rails, so that the strain due to the traction 
might not come on the rails at all. And then there 
came the great question of expense: the whole cost 
of carriage on the Glasgow tramways, including 
every item in his company’s balance-sheet, he had now 
succeeded in reducing to 9d. per car mile. He had 
not yet succeeded of healing of any one who would 
do the same — with steam. He still had hopes 
that the Scott-Moncrieff (compressed air) system 
might succeed. As to horses there was no real diffi- 
culty with them generally, but where there was they 
must just be taught to bear whatever we required 
them to bear. The system of infrequent heavy 
cars, alluded to by Mr. Crompton, could not, un- 
fortunately, be worked in this eountry; whatever 
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steam or other system of traction was to be adopted 
must be made suitable for the ordinary small cars 
run at very short intervals. 

Mr, Cowper made some interesting remarks, 
illustrated by sketches on the black board, on the 
early history and construction of traction on. 
commencing with the type of 1769, of which the 
model is now to be seen in the museum of the Con- 
servatoire des Arts et Métiersat Paris. This model, 
by the way, was one of those sent over here by the 
Conservatoire to the Loan Collection of Scientific 
A tus, at South Kensington, three years ago. 

. Cowper considered that the position of the 
blast nozzle shown in Mr. Crompton’s diagrams 
was certainly the right one; the kind of ‘* pump” 
action which the blast had upon the furnace would 
be greatly improved by lowering the nozzle in this 
way, so as to increase the confined volume of air 
upon which the jet acted directly at each discharge. 
In orger to prevent noise from the exhaust, which 
was quite an avoidable evil, it was only necessary to 
tugn the exhaust into a reservoir which might serve 
as an air vessel, and a prea continuous, noise- 
less discharge would obtained. He expressed 
himself strongly convinced of the value of the 
india-rubber tyres of Mr. Thomson's engines, which 
deserved a great deal more respectful attention than 
had been sometimes given to them. 

Mr. Brown ae) said that he had taken 
the chimney off a road roller in Newcastle and de- 
stroyed the noise of the exhaust entirely by an a 

tus in principle such as that mentioned by Mr. 
‘owper. But the noise made by the exhaust varied 
greatly with the temperature of the atmosphere, and 
possibly in India it might be so small that special 
means not to be taken to prevent it, He had 
travelled from Strasburg to Calais and back on a 
small engine of Mr. Chas. Brown’s, of Winterthur, 
and found that travelling north, in a cold season, 
the condensing apparatus was necessary, while 
travelling back again in summer weather the engine 
worked quite quietly even without it. 

Mr. G. D. Hughes, Loughborough, felt very 
sceptical as to some of the results given in Mr, 
Crompton's paper. He had-had something to do 
with the use of traction engines (with rigid tyres) 
near his own town, and had found that the great 
difficulty was with the roads, the injury to which was 
something fearful. He was fully corroborated on 
this latter point by Mr. Arthur Paget, who said 
that legal means had had to be taken to stop the 
absolute destruction of the roads which was, in fact, 
taking place, and the engines had now ceased run- 
ning. But the injury, which no doubt was primarily 
caused by the rigidity of the tyres, was in this case 
greatly aggravated by an altogether improper 
arrangement of biting pieces on the wheels, which 
practically turned the engine into a ‘ digging ma- 
chine.” Mr. Hughes added that he did not see how 
the materials of the tyre could make much difference 
to the wear of the road, and feared that this wear 
would put all Mr, Crompton’s calculations wrong. 

Mr. Stephen Alley said that as consulting engineer 
to the Vale of Clyde Tramways Company, he had 
had a good deal of experience in the use of Messrs. 
Hughes’ engines on the lines, At first they had a 
good many smaii breakdowns, but more experience 
had put these right, and they were now working 
continuously without any trouble. He quite believed 
in the future of steam on tramway lines, The Board 
of Trade rules had really been a great assistance, 
instead of a hindrance, to the use of steam by com- 
pelling manufacturers to bring their machines to a 
very high state of perfection. 

Professor Kennedy said that he had had a good 
deal of experience both in the construction and the 

ractical working of the engines spoken of by Mr. 
_teaecrg In regard to the three points of noise, 
frightening horses, and injury to roads he could 
speak positively. The noise, whether of — or 
exhaust, was not at all excessive. The horse difli- 
culty was enormously exaggerated ; during a number 
of b gpead working they had very seldom any trouble, 
and never any serious accident, while any little 
trouble they occasionally had was mostly due to 
carelessness or neglect of the man in charge of the 
horse, There was absolutely no injury to the roads, 
the flattening of the rubber distributed the pressure, 
and therefore the pull over so large an area, as to 
bring about a state of things quite different from 
that existing where rigid tyres were used. Butinorder 
tbat such a system as that described by Mr, Cromp- 
ton might be remunerative it would be essential 
that arrangements should be made for insuring a 
regular ic, and a. traffic of full loads, It wasa 


much more serious and expensive thing to keep a road 
steamer idle than a horse, and it could not so easily 
beset to all sorts of odd jobs. But with work suffi- 
cient to keep several engines going in full and regular 
employment, and with a stand-by engine to avoid 
chances of interruption to the work, he believed 
that on such roads as those to which we are accus- 
tomed, or those described by Mr. Crompton, such 
engines would do heavy haulage both economically 
and efficiently, in spite of their heavy first cost and 
e ive wear of the tyres. 

r. Henry Chapman remarked that from a number 
of years’ experience in France of such engines as those 
described by the author, and of others constructed 
on similar principles, he could fully confirm Mr. 
Kennedy’s statement as to the entire absence of 
injury to roads from the action of their wheels. They 
had had no trouble with horses. The Thomson 
engine had done most excellent and important work. 

Mr. Crompton in replying said that they had 
eventually got over the difficulty about the wear of 
the tyres by taking means (ey attaching wooden or 
other plates below them and in other ways) to pre- 
vent the rubbing of the tyre itself upon the tread, 
letting the inevitable wear take place on some cheap 
and easily renewable intermediate material. He 
was very glad to be able to corroborate Mr. Muir- 
head’s statement as to the trustworthiness of the 
native drivers. They employed Mahommedans, 
who did not drink, and never had the least trouble 
with them. Asto Mr. Buckley’s remarks; the rates 
of iage in the Punjaub were much higher than 
in Bengal. It must be remembered, too, that the 
fi he had put down represented the actual cost 
of carriage in his case, which was one in which the 
trains were not working regularly full, or under any 
large regular contract, which latter were the condi- 
tions when the rates mentioned by Mr. Buckley 
were paid. The great thing was to take means to 
keep up the section of the tyre, and not let the 
wear go beyond a certain moderate amount. A 
second $ in. of rubber went very much quicker than 
a first. 

On the motion of the President, a hearty vote of 
thanks was given to Mr. Crompton for his paper. 


VERTICAL-ACTION STEAM DREDGER. 


The next, and last, paper read was one by Mr. R. 
B. Buckley, of the Public Works se a 
Bengal, ‘‘On the Construction and Working of a 
Vertical-Action Steam Dredger.” This paper, 
which dealt with an arrangement of vertical-action 
dredger designed by Mr. Charles Fouracres, would 
be unintelligible unless accompanied by its diagrams, 
and hence we are compelled to defer its publication 
until next week, the demands upon our space pre- 
cluding our giving the necessary room to it in our 
present issue. e may, however, mention that 
more than six years ago (vide pages 213, 379, and 
382 of our fifteenth volume) we published engrav- 
ings showing the Fouracres’ dredger in its earlier 
form as employed on the Sone Canal works, and a 
reference to these engravings and the descriptive 
particulars accompanying them will render clear 
some of the points raised in the discussion on Mr, 
Buckley’s paper. 

Before the commencement of the discussion Mr, 
Buckley made a few remarks as an addition to his 
eee. The statement made in his paper that in 

r. Fouracres’ dredger there was ‘ very little wear 
except on the cutting edges of the bucket scoops” 
had been found to be scarcely correct. There was, 
in addition, a considerable wear on the axes of 
buckets. Since his paper had been written he had 
received details of the cost of dredging in the 
Thames, the cost per cubic yard dredged amounting 
to 4.405d. for working expenses, 0.988d. for repairs, 
and 2.37d. for interest and depreciation, or a total of 
7.76d. per cubic yard. It was to be borne in mind, 
however, that this cost was incurred for work that 
was to a great extent done intermittently, and 
which thus involved a much greater expenditure for 
working. In cases where it had been possible to 
carry on Thames dredging constantly, the cost was 
about the same ason the Tyne and Clyde. Mr. 
Buckley then showed, by means of a neatly con- 
structed working model, the action of Mr. Four- 
acres’ dredger. 

At the conclusion of Mr, Buckley’s remarks, and 
explanation, the discussion on his paper was com- 
menced by Mr. C. J. Appleby, who observed that 
Mr. Fouracres’ dredger was an ingenious one, but 
that it appeared to have been schemed without any 
reference to what had been done in the same direc- 





tion before. _Had the designer known what had 


| sre oad been done, the result would probably 
we been different. He (Mr. Appleby) regarded 
the hemispherical as a much better form for dredger 
buckets than the semi-cylindrical form used by Mr, 
Buckley. The — erical form had first been 
used by Mr, Woodford for skips, and had then been 
adopted by the Americans for their dredger buckets, 
The Bull was a similar apparatus to that 
described by Mr. Buckley, but more simple. All the 
earlier — of this type required something to 
push them down, but Mr. Bruce hit upon the idea 
of using a hemispherical bucket divided into three 
parts which met at a point, and this bucket had no 
tendency to rise when the parts were closed together, 
but cut its way into the ground. He had supplied 
a Bruce’s dredger for use at Plymouth on a bank 
which was dry at low water and only covered by 2 ft. 
of water at high tide. Under such conditions an ordi- 
nary dredger was not applicable, but the contractor 
was ‘successfully using the Bruce excavator, which 
had a bucket 5 ft. in diameter taking 22 cubic feet 
per lift. The apparatus was worked by a crane 
mounted on a barge which was left on the mud when 
the tide went down. At present only 300 cubic 
yards were being cleared away per day by this 
plant, as they were short of barges to remove the 
spoil, but this would soon be remedied, when they 
would do 600 cubic yards per ordinary working day. 
The contractor, however, proposed to do even more 
than this, and to remove 1200 cubic yards per 
twenty-four hours, working day and night. The 
cost of the plant employed would be about 600/. for 
the excavator and crane, 600/. for the barge, and 300/. 
for sundries, or say roughly 1500/. for plant capable 
of excavating 1200 cubic yardsperday. This would 
com closely with the figures given by Mr. 
Buckley in his paper. The advantage of the hemi- 
spherical form for the bucket was very great ; there 
was no necessity to use a rod to push it down, and 
when working at considerable depths this was a 
at gain. When using the Bruce excavator in 
soft mud the bucket brought up a full load, in fact, 
it was found that some mud ran over as it was raised 
to the surface; when working in hard mud, the 
bucket did not come up quite so full. In his own 
ractice he was accustomed when employing the 
ruce excavator to work with a light chain which 
gave way in the event of any undue strain coming 
on the om, it being far preferable to break 
the chain to carry away any part of the plant less 
easily repaired. The first excavator or dredger of 
the kind dealt with in the paper had been made by 
Bull for sinking cylinders, and there were many 
instances in which the Bull and the Bruce exca- 
vators had been successfully used for this purpose. 
The smallest he had made had a bucket 3 ft. 6 in. 
in diameter, while the largest he had heard of had 
a bucket 20 ft. in diameter, and raised 20 tons of 
= per lift. The larger the buckets the less was 
the proportionate loss of time in handling the appa- 
ratus, and the better was the penetration of the 
buckets in the material to be raised. 

An inquiry was then made by Professor James 
Thomson as to whether the apparatus which had 
been described by Mr. Buckley was suitable for 
doing dredging work in shallow water in Demerara, 
where large flats have to be dealt with and where 
many owners are dredging these flats to open up a 
communication with the sea. 

Next Mr. Brown, of Renfrew, criticised the figures 
given by Mr. Buckley'in his paper. These figures he 
remarked did not include the cost of moving the 
dredger, which if taken into account would ma- 
terially increase the total. The Fouracres dredger 
he considered valuable for use under certain con- 
ditions, but not so good as the ordinary dredger for 
regular work where hard material had to be dealt 
with. Modern large dredging machines were capable 
of dredging 500 cubic yards per hour in soft ma- 
terial, and in the case of one machine lately the cost 
of working had been but 14d. per cubic yard, this 
including the cost of moving dredger but not repairs. 
It was difficult to compare the ormances of ma- 
chines working under different conditions; thus a 
machine employed in a harbour worked under con- 
siderable difficulties, The ormances of dredgers 
working on the Clyde and e was not comparable 
with those machines employed in India or on the 
Thames. Inthe latter case soft material had to be 
dealt with, and some of the Clyde dredgers if run 
fast could raise 1000 tons f se hour when working 
in soft stuff. The scoop dredgers were, however, 
as he had said, valuable for use in some situations 





where ladder dredgers were not icable. 
Mr. Easton remarked that he employed Bull 
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excavators in depths of 50 ft. to 60 ft., and that 
they worked successfully without requiring a rod to 
secure penetration, the higr one of the buckets being 
sufficient, Mr. Buckley then replied to the dis- 
cussion. The hemispherical bucket had, he con- 
sidered, only a trifling advantage over the semi- 
cylindrical form, and he did not see why a hemi- 
spherical bucket not held down should penetrate 
better than a semi-cylindrical bucket under similar 
circumstances, In all scoop dredgers acting by 
weight the performance was better the larger the 
buckets, but in those in which the scoops were held 
down by rods the difference due to size was not so 
noticeable. By the use of the rod or spear cutting 
was enforced, and a certainty of action was thus ob- 
tained. As regarded the cost it must be remembered 
that in India the cost of coal was from three to five 
times greater than here. The steel teeth (to which 
reference had been by Mr. Brown) Mr. Fouracres 
proposed to employ only when very hard ground had 
tobe dug. Such teeth were used on a dredging ap- 
paratus called a ‘‘ spider” which had been described 
to the Institution some years ago. The real diffi- 
culty in working large dredgers on the scoop plan was 
the canting of the hull of the dredging vessel when 
the scoop was swunground, The remarks made by 
Mr. Easton referred only to soft material when the 
weight of the scoop was sufficient to secure penetra- 
tion. After a few remarks as to Milroy’s excavator, 
Mr. Buckley concluded by stating that theadvantages 
of the form of excavator he had described were 
specially noticeable when dealing with semi-hard 
material. 

A vote of thanks to Mr. Buckley having been 
proposed by the President and carried unanimously, 
it was then announced that in consequence of want 
of time on the present occasion, the reading of the 
paper still remaining on the list, namely that “On 
Plate Rolling Machinery,” by Mr. Edward Hutchin- 
son, of Darlington, would be = until a sub- 
sequent meeting. The President next proceeded to 
submit to the meeting resolutions expressing the in- 
debtedness of the members to those who had done 
so much to render the Glasgow meeting a success, 
These resolutions were as follow: That the thanks 
of the Institution be given to the Lord Provost and 
Corporation of the city for the use of the Corpora- 
tion Galleries for the purposes of the present 
meeting, and for the facilities afforded for the meet- 
ing; to Mr. Robert Mansell, president of the In- 
stitution of Engineers and Shipbuilders, Mr. Jamie- 
son, the chairman to the Council of that Institution, 
and to the general committee for their cordial invita- 
tion, and their very hospitable arrangements for the 
entertainment of the Institution ; to the proprietors 
of the various works in Glasgow and neighbourhood 
open to members, for their kindness in inviting the 
members to visit their works, and for the arrange- 
ments made for their visit; to the authorities of the 
Caledonian, North British, and Glasgow and South- 
Western Railway Companies for their kindness in 
arranging special facilities for enabling the members 
to visit the works open for examination ; and to the 
honorary local secretary, Mr. Millar, for the 
valuable services rendered by him in carrying out 
the arrangements, and in promoting the success of 
the meeting. 

These resolutions having been put separately to 
the meeting, and carried by acclamation, were re- 
sponded to by Treasurer Hamilton on the part of 
the Corporation of Glasgow, Mr. Jamieson on 
behalf of the Institution of Engineers and Ship- 
builders and on behalf of the railway companies, 
and Mr. Macfarlane on behalf of the proprietors of 
works thrown open to the members, while Mr. 
Millar responded to the well-earned compliment 
paid to himself. Mr. Jamieson then proposed a vote 
of thanks to the President, Mr. Robinson, for his 
conduct in the chair, and in doing 80 referred to the 

+ ability, tact, and eo with which his 
Snties had been performed. This vote having been 
warmly accorded, a brief reply by the President 
brought the meeting to a conclusion. 

As on the previous days, alternative excursions 
had been arranged for the afternoon of Thursday, 
the choice in this case lying between a visit by 
special train to Messrs. Denny and Co.’s marine 
engineering and shipbuilding works at Dumbarton, 
where a luncheon had been provided for the members 
on their arrival, or a visit by ordinary train to 
Greenock, where various engineering factories, to- 
gether with dock and harbour works, were thrown 
open to inspection. Of Messrs. Denny and Co.’s 
works, which were visited by a large party, we gave 
some particulars on page 114 of our last number. 








Visit TO GREENOCK. 

At Greenock the of visitors were received 
by Provost Lyle, Baillies Brymner and Shankland, 
Councillor W. B. Macmillan, and the town clerk 
Mr. MacCulloch, while Mr. Blackmore, of the firm 
of Messrs. Rankine and Blackmore, Mr. John Hastie, 
and other engineers of the district, aided in showing 
the different works. The greater number of the 
visitors first went to Messrs. Hastie’s works, where 
one of Mr. John Hastie’s water-pressure engines 
with variable stroke was shown in raya the 
engine being employed lifting various loads to show 
the action of the adjusting cam, which worked most 
satisfactorily. From Messrs. Hastie’s works the 

y was then conducted to the Glebe Sugar Re- 
nery belonging to Messrs. Lyle, where they had 
the opportunity of examining the process of sugar 
refining. This process includes t the dissolv- 
ing of the crude sugar in boiling water, then the 
filtering of the solution to remove mechanical im- 
purities, and a subsequent filtration through animal. 
charcoal to render it colourless, then a concentration 
of the solution in vacuum pans, and finally the 
separation of the crystallised product from the solu- 
tion by treatment in centrifugal drying machines. 
The process of reburniog the animal charcoal and 
the arrangement for packing the refined sugar in 
casks were also shown, these latter including a series 
of what we may term—for want of a better name— 
jolting tables, on each of which a cask in the process 
of being filled can be placed and subjected to a 
violent jolting action which of course shakes down 
the sugar. 

From the Glebe Sugar Refinery some of the 
party proceeded to Messrs, Caird’s works, some to 
the works of Messrs. Steele and Co., while others 
proceeded to inspect the completed Garvel Park 
Graving Dock and the adjoining extensive dock 
works which are now in progress, under the direc- 
tion of Mr. W. R. Kinniple. We hope on some 
future occasion, when the works are furtheradvanced, 
to give a complete account of these docks ; mean- 
while we may remark that they are of very con- 
siderable size and importance. An interesting 
feature in connexion with the works is the extent 
to which the excavations are being performed by 
the aid of Dunbar and Ruston’s steam navvies, 
several of these machines being employed and doing 
excellent work. 


EXCURSION TO INVERARY. 

Friday last, the 8th inst., was devoted to a pleasure 
excursion down the Clyde, through the Kyles of 
Bute and up Loch Fyne to Inverary, at the invita- 
tion of the Institution of apron and Shipbuilders 
in Scotland, who had kindly chartered the special 
steamer Iona for the occasion. Altogether a 
party of 560 assembled on board the Iona, and 
the excursion was a most enjoyable one, the weather 
fortunately being favourable, and the whole of the 
arrangements excellent. It is not our duty here to 
speak of the charming scenery of the Clyde and its 
adjacent lochs, but we must say a few words re- 
specting two large blasts which Messrs. Sim, the 
lessees of the Furnace and Crarae ite quarries 


‘had kindly arranged to fire at the time of the 


Iona’s arrival opposite the mines. The Crarae and 
Furnace quarries are situated on the western bank 
of Loch Fyne, and are respectively about ten miles 
and eight miles distant from Inverary. The 
_—- obtained from them is of a very hard 
escription, and is used principally for paving setts, 
while the débris is now being used for macadamising. 
Formerly the stone was got by employing the ordinary 
system of small blasts, but in 1852 Mr. William 
Sim introduced the plan of employing large blasts 
fired by electricity and arran to displace enor- 
mous quantities of material. is mode of working 
has proved so successful and economical compared 
with the former mode of procedure, that it has been 
continued to the present time, some very large 
blasts having been fired, E 
The proceedings on Friday last included the 
firing of two blasts, one of nearly three tons of powder 
at the Crarae quarry, and one of five tons at the 
Furnace quarry, and both we are glad to say were 
thoroughly successful, that at the Furnace quarry 
being especially so. At the Crarae quarry the 
mouth of the mine was situated 95 ft. above the 
q floor, while above it the rock rose to a height 
of 75 ft. The mine ran horizontally for a distance 
of 58 ft. from the face of the q , and at this 
point there was a perpendicular sinking 5 ft. deep, 
a powder chamber 6 ft. long being run inwards from 
the foot of this short shaft, The line of least re- 





sistance between the powder chamber and the 
quarry face measured 60 ft., while at a depth of 
10 ft. below the floor of the mine was a natural 
dividing seam or sole. Under these conditions a 
displacement of 50,000 tons of material was ex- 
pected if the powder worked down to the level of 
this dividing seam, as was probably the case. 

In the case of the blast at the Furnace quarry 
the mouth of the mine was situated at a height of 
100 ft. above the floor of the quarry, the rock 
rising to 90 ft. above it. The mine ran inwards 
horizontally for a distance of 65 ft., but at a point 
40 ft. from a face a lateral branch was made for a 
short distance, and in this branch a powder chamber 
was formed, this being done to bring some of the 
powder near some natural dividing seams. At the 
extreme inner end of the mine a Seana was made 
to the right, and in this branch another powder 
chamber was formed, the total charge of 5 tons 
of powder being thus divided begween two chambers 
instead of being all in one place as in the case of 
the Crarae. blast. A displacement of from 80,000 
tons to 100,000 tons of material was expected from 
the Furnace blast, and the result of the explosion 
was magnificent, the whole upper part of the face 
of the quarry appearing to heave upwards and out- 
wards. In the case of neither blast was the noise of 
the explosion great, nor were there signs of any 
fragments of rock being thrown to any considerable 
distance. The blasts in fact appeared to do just 
what they were required to do, namely, to throw 
down into the quarries enormous quantities of stone 
detached from the hill side. Messrs. Sim are cer- 
tainly to be congratulated on the success which 
attended their operations. 

The blasts at the two quarries having been 
witnessed, the Iona proceeded to Inverary, where 
the Duke of Argyle had thrown open the grounds of 
Inverary Castle to the visitors, A short stay having 
been made at ]nverary the Iona returned to Glasgow, 
calling on her way at Wemyss Bay and at Greenock, 
at which latter place a special train was in at- 
tendance to take back to Glasgow those of the 
visitors who desired to shorten their voyage. Alto- 
gether, as we have said, the arrangements for the day 
were excellent, and the excursion formed a most en- 
joyable finale to a meeting which will long be re- 
membered by those who took part in it. 

Wenow, in conclusion, append brief notices of some 
of the chief engineering establishments andiron works 
visited in the course of the meeting. Glasgow and 
its neighbourhood is so rich in works of interest, 
and so many of these were thrown freely open to 
the visitors, that the chief difficulty with which the 
members had to deal was how to so apportion their 
time as to see a reasonable proportion of the es- 
tablishments which they were so kindly invited to 
visit, Just as the members were thus embarrassed 
by the number of works to be seen, so are we by 
the number of works deserving description, for the 
space we have available is limited, and hence we 
have been compelled not only to curtail the number 
of our notices, but also to condense the notices them- 
selves. Under these circumstances we do not lay 
the following short descriptions of works before our 
readers asin any way pretending to be complete ac- 
counts of the various establishments to which they 
refer, but only as notices which will give a fair idea 
of the character and extent of the chief establish. 
ments to which visits were paid, 


SARACEN Founpry, PosstLparK—MeEssrs. WALTER 
MACFARLANE AND Co, 


The foundry of Messrs. Walter Macfarlane and 
Co., at Possilpark, one of the suburbs of Glasgow, 
was the first establishment visited by the members 
on the first day of the meeting. The business 
of Messrs. Walter Macfarlane and Co. was com- 
menced about thirty — ago in the old Brass 
Bell Foundry, a small establishment in the Gal- 
lowgate, adjacent to the time-honoured Saracen 
Head Inn, from which the designation of the 
works was derived. In the year 1863, the firm re- 
moved from the Gallowgate establishment to very 
much larger works which they had specially designed 
and erected for foundry purposes in Washington- 
street, almost exactly opposite the somewhat 
classical engineering works known as the Vulcan 
Foundry, which was for a long time the property 
of David Napier, and subsequently of Robert Napier, 
his distinguished cousin, In a very few years, how- 
ever, the firm found the new Saracen Soastey in 
Washington-street almost too small, and they then 
acquired the Possilpark estate, embracing an area 
of about one hundred acres of ground in the northern 
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STEAM 


CRANE WITH 


SELF-ACTING BUCKET AND .GRAB. 


CONSTRUCTED BY MESSRS. PRIESTMAN BROTHERS, ENGINEERS, HULL. 
(For Description, see Page 136.) 
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29 ft. spans separated by ranges of columns. The 
arrangement is such that any one department can 
be extended at pleasure, while the successive 
departments are so disposed that the work always 
proceeds in one direction towards completion, 


‘ 
especially designed for the purpose, If the article 
to be produced is straight, these plaster patterns are 
used directly to form a mould, in which an iron 
pattern is then cast, If, on the other hand, the 
article has to be curved, or if—as is the case with 


Thus, commencing on the south side, there follow in | some classes of work—the pattern has to be curved 


succession the moulding, dressing, and painting 
departments and stores, 

On the occasion of their visit the members of 
the Institution were received by Mr. Walter Mac- 
farlane, who first explained the general plan of the 
works, the organisation of the office department, 
&c., and then conducted the visitors to the foundry, 
where the process of casting rain-water pipes was 
witnessed. Messrs. Macfarlane cast these pipes on 
green-sand cores, the cores being formed on core 
bars by the side of which a § in. wire is laid. On 
the core being finished this wire is withdrawn, 
leaving a hole from end to end. No chaplets are 
used, but at the middle of the length of the core on 
the upper side there is inserted a piece of wire which 
projects above the core by an amount equal to the 
thickness of the pipe. When the core is laid in the 
mould this wire bears against a corresponding sup- 
port in the mould, and so prevents the core from 
rising. The pipes are cast horizontally, and when 
the metal is poured, steam soon begins to issue from 
the hole at each end of the core. After a little has 
been allowed to escape, the workman plugs up each 
end of this hole with sand, and a few seconds later 
there is a mild explosion, and with a sharp puff the 
steam thus imprisoned blows out the greater part 
of the core of the pipe, leaving very little to be sub- 
sequently removed by hand. 

The quality of the castings produced is admirable, 
and throughout the foundry are numbers of neat 
special contrivances for the production of the parti- 
cular class of work turned out. An interesting — 
ment is that devoted to pattern-making, many of the 
patterns, such'as those for gutters and cornices, being 
made of plaster-of-paris {ogee by the aid of profile 
plates used on a kind of rough planing machine 





to allow for contraction, the plaster-of-paris models 
are used to produce a mould in which a lead pattern 
is cast. This lead pattern having been curved as 
desired, is then in its turn used to procure a mould 
in which the final iron pattern is cast. Of course for a 
number of articles ordinary wooden patterns are 
used, and the collection of patterns of all kinds which 
Messrs. Macfarlane possess is extraordinary, and 
this notwithstanding that it is their practice to 
clear off annually all patterns out of date. In addi- 
tion to examining the pipe founding, the visitors had 
full opportunities of seeing in progress a great variety 
of the works in iron, such as ornamental castings of 
all kinds, staircases, conservatories, railings, sanitary 
casings, &c., for which the firm is noted. 


Hype Park Locomottve Worxs—MeEssrs. NEILSON 
AND Co. 


The business now carried on by the firm of Messrs. 
Neilson and Co. dates as far back as the year 1836, 
but as a separate and special branch of the engineer- 
ing trades in the Glasgow district the construction 
of locomotives does not date back so far, but 
probably about thirty-five years. For a long time 
the works were in Hyde Park-street, close to the 
harbour of Glasgow ; in the year 1860, however, the 
firm laid out at Springburn, in the north quarter of 
the city, entirely new works upon an extensive scale, 
and exclusively for the manufacture of locomotive 
engines. The buildings were forthwith commenced, 
soll ie the year 1862 the business was entirely re- 
moved to Springburn. The works at Springburn were 
designed by Mr. Neilson and his then partner, the late 
Mr. Henry Diibs. At the end of 1863 Mr. Diibs se- 
vered his connexion with the firm and started the 





establishment known as the Glasgow Locomotive 

















Works, for carrying on the same branch of business, 
He was succeeded in his position as managing partne 
by Mr. James Reid, who has been closely connected 
with locomotive engineering almost from its earliest 
days in Scotland—first with Messrs. Scott, Sinclair, 
and Co., Greenock, then with Messrs, Neilson and 
Co., Glasgow, and afterwards with Messrs. Sharp, 
Stewart, and Co., Manchester. 

Since the works were started they have been so 
very much extended at various times that they are 
about double their original size and productive 

ower. Consisting almost exclusively of one-story 

uildings, the works now occupy an area of about 
nine acres, and have been most carefully and sys- 
tematically laid out. We this week give on page 
124 a plan of the works which will explain their 
arrangement much better than any verbal de- 
scription. 

Referring to this plan it will be seen that the 
works consist mainly of a series of parallel one- 
story shops separated by rows of columns, and 
disposed in two groups with the stores and boiler- 
house between them, The pattern-making shop 
and foundry, as well as the pattern stores, are, as 
will be seen, detached from the main blocks, Un- 
fortunately, as we have already stated, the space at 
our dis will only permit of our noticing briefly 
some of the features of the works, In the smithy 
the extent to which stamping is carried out is 
especially noticeable, some excellent work of this 
kind being done. Amongst other things we noticed 
some sections of small locomotive wheels, consisting 
of the crank portion of the boss, four spokes and a 
portion of the rim, the stamps leaving merely a thin 
web between the spokes, which was afterwards 
slotted out. In the smithy also is one of the radial 
steam hammers swinging round a central standard, 
which we illustrated and described on page 331 of 
our first volume, this hammer being used for 
‘‘ dabbing” on the outer ends of wheels, spokes, and 
similar work. 

The machine shops contain an excellent plant of 
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special tools adapted for locomotive work, amongst 
which may be mentioned some very heavy milling 
machines, and two “ age machines con- 
structed on Mr. Reid’s plans, and illustrated by us 
on pages 484 and 485 of our nineteenth, and 
$24 and 328 of our twentieth volumes respectively. 
Multiple tools are largely used ; thus the machine 
for planing the ends of coupling or connecting rods 
is capable of acting on both ends of four rods at 
once, the planing machine for locomotive frame 
plates has no less than fifteen tools set side by side 
at 3 in. pitch, and the drilling machines for boring 
the tube holes in tube plates have six spindles capable 
of adjustment to suit the pitch of the tubes. We 
have referred to the heavy milling machines, and we 
may add that milling is largely resorted to and the 
lant includes some good machines for the manu- 
acture of milling cutters and twist drills. The 
shafting in the various shops is driven by vertical 
engines directly coupled to it, there being a separate 
engine for each line of shafting. The engines are 
non-condensing and steam is supplied by a range of 
boilers of the locomotive type. In the erecting 
shop at the time of our visit, there were amongst 
other work a number of metre gauge locomotives for 
the Indian State Railways in progress, and also 
some large bogie tank engines for the Lancashire 
and Yorkshire Railway. The visitors were also 
shown at work a compressed air tramway locomotive 
on Mr. Scott-Moncrieff’s system which Messrs. 
Neilson have been lately constructing. We may 
robably have something to say of this engine on a 
uture occasion. 

Up till the year 1852, when Mr. Reid assumed 
the position of manager in the old works in Hyde 
Park-street, there had been 46 locomotives built 
by the firm; and when he resigned that position 
in the year 1858, the firm’s running number was 
1000—referring, however, to land and marine 
engines as well as to locomotives. At or about 
the end of 1859 the manufacture of land and 
marine engines entirely ceased, Up till Midsummer, 
1876, the firm had constructed, or had under order, 
1780 locomotives, of an aggregate value of about 
3} million pounds sterling. The number of loco- 
motives constructed by, and at present under order 
with, Messrs, Neilson and Co., is about 2500. In 
the year 1875 there were 117 engines turned out ; 
in the following year the number was 114; and 
in 1877 it rose to 123. In busy years the number 
of work-people employed by the firm runs up to 
as many as 1500, and in one year the hands all told 
numbered 1565. When certain returns were made 
up three or four years ago for the Locomotive En- 
gineers’ Association, Messrs. Neilson stood at the 
top of the list as to the number of hands employed 
in locomotive works, these hands forming, indeed, 
about one-seventh of the whole of the locomotive 
engineers in the United Kingdom, not including 
those in the employment of the railway companies, 


Nortu Britisa Rauway Locomotive Works. 


These works, which have recently been very con- 
siderably extended under the direction of Mr. D. 
Drummond, the present locomotive superintendent, 
and in accordance with the most recent practice, 
are situated at Cowlairs, about one and a half 
miles from the centre of the city. They are chiefly 
devoted to the repairing operations for the whole 
of the North British Company's system, the greater 
number of the new engines being built by private 
firms. The stock of engines belonging to the various 
railways now er in that system was 316 on 
August 1, 1865; aud the total stock at the lst of 
August current was increased to 497, of which 170 
are six-wheeled coupled goods engines with 16-in. 
cylinders, 103 are six-wheeled coupled with 17-in. 
cylinders, and 32 are six-wheeled coupled with 
18-in. cylinders, None of these existed at the time 
of the amalgamation of the original Edinburgh and 
— Railway with the North British system, 
which dates back, we believe, some twenty or 
twenty-five years. The present records of the North 
Briti ilway Locomotive Department mention 
1842 as the year in which engines were first built at 
Cowlairs, the locomotive superintendent being then 
the late Mr. William Paton. (It was in the preced- 
ing year that the Edinburgh and Glasgow Railway 
was opened for public tratlic.) The engines first 
turned out werethe ‘‘ Hercules” and the ‘‘Sampson,” 
which were specially built to work the heavy incline 
leading up the tunnel from Queen-street station to 


Cowlairs ; but they were disused in 1847, when the 
stationary engine and rope were again brought into 
operation, 


We give on page 125 of the present number a 
plan of the Cowlair’s Works, which will explain 
their arrangement and extent, the dimensions of the 
several shops being given in our engravings. On the 
occasion of the visit to the works last Tuesday week, 
the visitors first entered the erecting shop, this 
being an exceedingly fine shop, with three bays, each 
filled with h ic travelling cranes similar to those 
introduced by Mr. Stroudley at the works of the 
London, Brighton, and South Coast Railway Com- 

any, at Brighton. In these cranes the lift is made 
by the direct pull of the rod of a piston working in 
a hydraulic cylinder, the supply of water under pres- 
sure being supplied by a set of pumps on each crane. 

From the erecting shop the visitors were con- 
ducted to the boiler shop, where they were shown 
the flanging of the backplate of a firebox casing by 
a new hydraulic flanging machine made by Messrs. 
Brown Brothers. In this machine the plate to be 
flanged is forced down through a ring die of suitable 
form by means of a corresponding block or plunger 
attached to the rim of a powerful hydraulic press. 
The work done is excellent, as was shown by a num- 
ber of boilers in progress in which these machine 
flanged plates were used. Mr. Drummond has the 
back and front plates of his firebox casings flanged 
to a 6-in. radius, so that the work is very heavy, and 
it would be almost impossible to secure by hand 
labour as good flanging as is [apes by the ma- 
chine, to say nothing of the difference in cost, and 
the less chance of unequal strain being put upon the 
plate owing to the whole of the flanging being done 
at once ins of ina series of successive heats. 
We may remark here that the boilerwork turned out 
at the North British Railway Works is excellent 
throughout. 

The department next visited was the turning 
shop. This forms part of the older portion of the 
works, but the machines which it contains have all 
been thoroughly rearranged and classified, and 
they include some excellent tools, A portion of the 
shop is divided off and set apart for brasswork, 
the plant in this department including a very handy 
American lathe. Adjoining the turning shop are 
the spring-maker’s shop, the grinding shop, and 
boiler machine shop, while parallel to them is the 
smithy, all these departments being well laid out. 

The finest shop in the works, however, is the 
new carriage and wagon shop, this being 600 ft. 
long by 242ft. wide, and consisting of seven 
— spans only separated by rows of columns. 

wo of these spans, for a length of about 200 ft., are 
set aside for the sawmill, which is fitted up with an 
excellent plant of modern wood-working machinery 
—chiefly by Messrs. T. Robinson and Son, of Roch- 
dale—specially adapted for railway carriage and 
wagon work, We may mention that the shafting 
in this department is driven by ropes, these ropes 
being in one case employed in the same manner as 
a twisted belt, to communicate motion from one 
shaft to another at right angles to it. 

Our space will not permit us to enter here into 
any notice of the special features of Mr. Drumond’s 
practice, although there are many points about his 
engines deserving special notice. Of some of 
these, however, we have spoken on former occa- 
sions, and of others we hope to treat when 
illustrating other engines made from his designs. At 
present we need only add that the Cowlairs Works 
afford ~ evidence of their having being re- 
modelled with great judgment, while the new de- 
partments are excellent examples of modern work- 
shops. The total number of workmen employed in 
the Cowlairs locomotive shops is 1639, the greatest 
number so employed at any one time being 1688. 
Over the whole of the shops on the company’s 
system there are now employed 2653 hands, as 
against 2691, the greatest number ever in the com- 
pany’s service at one time. 

Engines Built at Cowlairs since 1862. 





Tor Namber of Locomotive 
onan ae. Superintendent. 
1863 2 W. 8. Brown. 
1864 6 S. W. Johnson. 
1866 3 W. Harst. 
1867 ll 
1868 13 
1849 16 | 

o 
at > a Thomas Wheatley. 

1872 29 i 
1873 40 ded 
1874 22 os 
mS 
1877 16 = D. Drummond 
1878 15 vas 





Tae WORKS OF THE STEEL CoMPANY OF SCOTLAND, 

The works of the Steel Company of Scotland, 
which were visited by a very large party of the 
members on the afternoon of Wednesday the 6th 
inst., are situated at Newton, about six miles from 
Glasgow, the works adjoining the Caledonian Rail- 
way, with which they have siding communication. 
On arriving at the works the visitors were first 
entertained at a luncheon, at which the chairmah of 
the company, Mr. Charles Tennant, M.P., presided, 
and they were then conducted through the works 
under the guidance of Mr, James Riley, the general 
manager. 

The works, which vo ¢ altogether about 30 acres 
of ground have been laid out for the production of 
steel by the Siemens open-hearth system, and their 
general arrangement is shown by the plan which we 
give on page 128 of the present number. The melt- 
ing house is 500 ft. long by 100 ft. wide, and will 
ultimately contain eight 6-ton, and eight 12-ton 
furnaces, of which all but two of the 12-ton furnaces 
are alreadyconstructed. The furnaces are all arranged 
in a single row along one side of the melting shop, 
the ingot pits being in front of them. The ladles 
which receive the metal from the furnaces run on 
rails laid at right angles to the line of the furnaces, 
the ingot moulds being disposed in straight lines. 
In the central part of the shop ample provision is 
made for the fifting of ingot moulds, removal of 
ingots, &c. The gas producers are arranged in groups 
parallel to the line of furnaces, there being 96 gas 
—— arranged in groups of four to each stack. 

eyond the gas producers are the coal bunkers, 
served by lines of rail as will be seen from the plan, 

Having seen an ingot weighing 94 tonsrun in the 
melting shop the visitors next inspected the forge 
and rolling mills, In this department all the re- 
heating furnaces are Siemens’ gas furnaces, and 
their arrangement, as well as that of the steam 
hammers and rolling mills, is shown in our plan. 
The forge plant includes three 5-ton hammers, and 
a fourth is in process of construction. In the roll- 
ing mill department extensive alterations are now in 
progress, and the plant will shortly be much ex- 
tended, At present it consists first of a 26-in. re- 
versing mill driven by a fine pair of compound 
engines, of which we gave a two-page engraving in 
our number of April 4 last, which we described at 
the time (vide page 274 of our last volume), second, 
of a large reversing plate mill, and, third, of a 
14 in. two-high train not reversing. The engine of 
the mill last mentioned is about to be used ‘to drive 
a sheet mill, while another plate mill with a re- 
versing engine isin process of erection. Besides 
this, an 18 in. three-high train for bars and angles, 
and a 10-in. sheet mill are expected to be started in 
the course of about a couple of months. 

The 26-in. reversing mill is employed in rolling 
rails, deck beams, and heavy angles, and last 
Wednesday week it was shown producing 9-in. by 
7}-in. deck beams. The Steel Company of Scot- 
land have made the production of these deck beams 
and similar sections in steel a specialty, and they 
are turniug them out in excellent style. Although, 
as we have already stated, we have fully described 
the engines which drive this 26-in. mill, yet we may 
repeat here that they have two high and two low- 
pressure cylinders 3] in. and 50 in. in diameter re- 
spectively with 5 ft. stroke, and they are worked 
with steam at 120 lb. pressure, supplied by boilers 
of the locomotive t The engines were con- 
structed by Messrs. Miller and Co., of Coatbridge, 
from the designs of Mr. T. Williamson, the work’s 
manager of the Steel Company of Scotland, and 
they are an exceedingly fine job. The engines are 
coupled to the mill direct, but it is, we understand, 
the intention to add gear arranged so as to enable 
the mill to be driven at a slower speed than the 
engines, and used for plate-rolling when necessary. 

The mill plant tacinden the usual heavy shears 
for plates and scrap, rail-ending, and straightening 
a re es, &c., the general arrangement of these 
machines being shown by our on e 128. 
The company are largely in the uction 
of steel plates for shipbuilding, as well as heavy 
angles and other sections for shipwork, the present 
output, including rails, being from 3000 tons to 
3500 tonsa per month. We may mention that a 

rtion of the steel used in the new torpedo vessel 
olyphemug. was made at the Steel Company of 
Scotland’s Works. 


fo , and some good exampl 





for rolling mills produced in this department were 
shown Taine dende ion of the recent visit, There 
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are also an iron foundry and a set of repairing shops, 
including smithy, machine shop, &c., and last, but 
by no means least in importance, a testing shop and 
es laboratory. In the testing shop the visitors 
had the opportunity of witnessing the fracture of 
some test pieces, and of examining a variety of 
saroples showing the good quality of the material 
prodnesd. 


Messrs. Diiss AND Co., GLascow LocoMOTIVE 
Works, 

These works (which were prominently noticed in 
ENGINEERING about a dozen years ago) date back 
to the year 1864, when the erection of the buildin 
was commenced. Mention has already been made 
of the fact that the senior partner of the firm was for 
a number of years managing partner of the firm of 
Neilson and Co., Hyde Park Locomotive Works, in 
the designing and construction of which he played a 
prominent I aa In designing the works now under 
notice, and which are situated at Little Govan, in 
the south-eastern suburbs of the city, and close by 
Govan Iron Works, Mr. Diibs set out with the de- 
termination to erect a locomotive engine factory 
which should be second to none, either at home or 
abroad, for its facilities for carrying on a large 
trade in that particular branch of engineering to 
which it was to be devoted. In that respect it 
has shown that it would be very difficult to 
surpass it. The first engine left the establishment 
on the lst of May, 1865, and by the month of 
November, 1867, the firm had sent out 200 locomo- 
tives, Ever since they started the works have 
turned out engines at the rate of fully 100 per annum, 
or practically two per week. By midsummer, 1876, 
the firm had built nearly 1000 engines, of which 
109 were sent out during the preceding year to their 
respective destinations, including several home rail- 
ways, and others in Russia, India, Spain, New Zea- 
land, South America, and Sweden, and representing 
avalue of about 250,000/. From July, 1877, to 
July, 1878, the period embraced by the firm’s 
financial year, there were turned out no fewer than 
120 finished engines, chiefly large and powerful 
main line locomotives. That was certainly the 
largest make in any one year. Including orders for 
some forty-five engines now in hand, and which 
may be set down as work secured for nearly six 
months, the total number of engines on the books 
of the firm is 1290. At present there is in the em- 
ployment of the firm about 1240 hands. Since the 
death of Mr. Diibs, rather more than three years 
ago, the business has been carried on by the re- 
constituted firm and now consisting of two sons of 
the decased, Mr. Lorimer, commercial manager, 
and Mr. G. G. Copestake, who was brought up with 
Messrs. Sharp, Stewart, and Co., under the present 
President of the Institution of Mechanical Engineers, 
and is the manager-in-chief of the designing and 
constructive department. 


Tue Nortu British Iron Works at COATBRIDGE. 

In spite of the attractions of the steel works at 
Newton, a considerable number of members last 
Wednesday week joined the excursion to Coat- 
bridge, where the first works visited were those 
of Mr. Thomas Ellis, the well-known North 
British Iron Works. These works, which were 
started by Mr. Ellis nearly twenty years ago, 
on a very limited scale, seem to be in full 
work in spite of the dulness of business generally, 
and are turning out nearly 2000 tons of finished 
iron per month. Within the last few years Mr. 
Ellis added wire-drawing to the manufacture of 
merchant bars, which was formerly his chief 
business, and this formed one of the most interest- 
ing parts of the work going on during the afternoon. 
The works contain over thirty puddling, scrapping, 
and reheating furnaces (including one puddling 
furnace with mechanically waked rabbles), with 
one forge train and four other mills, including that 
used for wire. All five mills were at work, One 
of the small finishing mills was working } in. round 
bar, in 70 ft. lengths. Both two and three-high 
rolls were in the train and the bar was finished with 
11 passes in about 50 seconds, This was driven by 
a horizontal geared engine working at 130 revolu- 
tions per minute. Another mill was turning out 
2} in. round iron in lengths of about 25 ft. This 
was worked by a horizontal engine, acting direct, and 
running at 68 revolutions per minute, and finished 
the bar in 14 passes in about 120 seconds. A third 
train was working flat bars 1} in. by } in., and about 
15 ft. Jon through small h rolls, and 
finished bar in 35 seconds with 17 passes. 
This mill, and that used for wire-making, were 








worked by a vertical engine having two cylinders 
inverted side by side, with the flywheel between 
them, running at 100 revolutions per minate. In 
the train used for oe each pile was rolled 
into a coil of wire of No. 4 B.W.G. diameter, and 
400 ft. or 500 ft. long, in one continuous operation. 
The end of the rod as it through one pair of 
rolls was carried back through the next, then back 
again through the next, and so on, so that at one 
time the bar was making seven passes simulta- 
neously, lying on the floor in long cs Ng 
required very considerable skill in handling—be- 
tween each. The end of the wire was led away, as 
soon as it had made its last pass, to a rough drum, 
set in motion by a separate steam engine, and coiled 
on this as fast as it came from the rolls. The whole 
time er by the operation from the first entry 
of the pile to the rolls until the finished coil was 
taken off the drum just mentioned, was 80 seconds, 
on one occasion considerably less. Each coi 
weighed about 561b. All iron intended for wire is 
first rolled in this way to No. 4 W.G., and then 
carried to the wire-drawing house, where it is drawn 
cold in the usual fashion. The number of passes 
through the drawing-blocks (of which there are 18 
sets, with drums, &c., complete) depends of course 
on the intended diameter of the wire, 7 draws being 
sufficient to reduce the No. 4 to No. 18 B.W.G. in 
diameter. Not the least interesting part of the 
work in progress was the action of the mechanical 
uddler above referred to, a design of the Kirkstall 
orge at Leeds. The arrangement of this apparatus 
is exceedingly simple. It is of a type which has 
now been brought into somewhat extensive use, both 
here and abroad, and it is designed for working 
two rabbles, one on each side, and consists essentially 
of a large lever vibrating always in the same vertical 
. placed above the furnace, and giving motion 
y vertical links to two smaller ones, one over- 
hanging each side of the furnace, Each of the links 
a the centre of a hollow cast-iron column, 
capa le of turning about its own axis, an arm on 
this column carrying the fulcrum pin of one of the 
two upper rocking levers, The joints are so arranged 
that the column, carrying with it its lever, can be 
turned round at will without interfering in any way 
with the continuous vibration which the latter is 
receiving. A hanging link from the outer end of 
each of the two upper levers carries a double hook 
in which lies a cross-pin attached to the rabble. 
This machine has been at work for two years, and 
Mr. Ellis professes himself well satisfied with it, 
stating that he would put down others of the 
same kind if he were adding just now to his puddling 
furnaces. 
It should be added that the members were very 
hospitably entertained to lunch by Mr. Ellis. 


GARTSHERRIE IRON WorkKS, COATBRIDGE. 


On the occasion of the visit to Coatbridge on 
Wednesday week, these famous works were also 
thrown open to inspection. Considering the amount 
and varied interest that hovers around the Gart- 
sherrie Iron Works, and the eminent family of the 
Bairds, so long occupying a foremost position in the 
Scotch iron trade, a on Bae | volume would be 
required to embody what might fitly be said 
regarding them ; on this occasion, however, we can 
oo afford space for a very meagre sketch of the 
works. 

The gigantic business now carried on by the well- 
known firm of William Baird and Co., as iron- 
masters, began some forty years ago; but as coal- 
masters it began as far back as the year 1816. The 
founder of the family was Alexander Baird, farmer, 
of Kirkwood, near Coatbridge, and in the parish of 
Old Monkland. He leased Woodside Colliery, near 
Dalserf, which he worked, in addition to his farm, 
for several years prior to that just mentioned ; and 
in that year, when hisson William was twenty years 
of age, he set him to superintend Rochsolloch 
Colliery, near Airdrie, of which he had taken a lease. 
Some ten years afterwards a number of other 
mineral leases were taken, including that of the 
coal and ironstone of Gartsherrie, on which estate 
the firm, embracing Alexander Baird and three sons, 
William, Alexander, and James, had no fewer than 
six pits in full operation by the year 1828. Resolved 
on starting as ironmastera, they had their first blast 
furnace in operation in May, 1830. That, it may be 
remembered, was just at the time when the hot- 
blast invention was coming into practical use. By 
the year 1839 there were eight blast furnaces in f 

ration at Gartsherrie ; and by the year 1842 the 
arteherrie Iron Works, embracing sixteen furnaces 





in two parallel rows of eight each, were practical 
complete, in a great measure as they now stand. 
It is related of the late Mr. James that he 
contributed much to the successful man ent of 
the works by his improvements on the hot-blast 
invention, and on the blowing engine first erected at 
the works. 

Mr, Alexander Baird, Sen., the founder of the 
firm, went out of the business in the year 1830, and 
died in 1833 ; and William, along with four of his 
brothers, formed a partnership under the style and 
title of William Baird and Company. In the year 
1840 two other brothers were admitted as partners, 
The late Mr. James Baird was the last remaini 
brother in the firm, and at the time of his death 
there were left three nephews as the only partners 
in the firm, and since then even two of those have 
been numbered with the dead, one of them being 
Mr. Alexander Whitelaw, M.P. for Glasgow, whose 


il} lamented death occurred only a few weeks ago, 


while he was still in the prime of life. 

As their business progressed at Gartsherrie, the 
Messrs. Baird found it necessary to provide for a 
large supply of minerals within easy reach for use in 
subsequent years; and accordingly around Coat- 
bridge they acquired a number of very valuable 
leases, They eventually extended their business 
connexions into Ayrshire, where they secured, near 
Kilwinning, a very large area of mineral lands, more 
especially the Eglinton coalfields. On a portion of 
the ground thus acquired, they erected eight blast 
furnaces, which along, with their new mineral 
fields, the Bairds carried on under the style of the 
Eglinton Iron Company, though consisting of the 
same ers. In subsequent years they extended 
their business in Ayrshire by purchasing the Blair 
Iron Works (consisting of five furnaées, and since 
discontinued), Muirkirk and Lugar Lron Works, and 
lastly, the Portland [ron Works, near Kilmarnock. 
Including their Gartsherrie and Ayrshire works, 
Messrs, Baird and Company are the owners of no 
fewer than forty-two blast furnaces, of which seven. 
teen are in active operation, ten of which are at the 
Gartsherrie establishment. Of course it must be 
borne in mind that several of those which are out of 
blast are of somewhat antiquated % of construc- 
tion, and are not likely again to be blown in. Taking 
the whole of the iron works owned by the firm, 
they have a making power of about 300,000 tons of 
pig iron per annum; and in one year during the 
recent busy times almost that entire quantity was 
produced. 

During recent years Messrs. Baird and Co. have 
given a great amount of attention to improvements 
in ironmaking, more especially in connexion with 
the question of the economy of fuel, Three of the 
furnaces now in blast at Gartsherrie have been 
closed in at the top without the original height 
having been incr , and a considerable amount 
of economy has been the result, all the hot air 
stoves on that side of the works being heated with 
the gas taken off. As in other cases, raw coal is 
used as the fuel. We need not at present even indi- 
cate the method employed, as we hope to be able on 
an vg See ge give an illustrated description 
of it. passing, we may mention that the work of 
closing in the tops of at least two other furnaces is 
in pro; . Lt may also be mentioned that both at 
the linton Iron Works and the Lugar Iron 
Works the system of taking off the furnace gases has 
made decided progress, 

Messrs, Baird and Company have in recent 
years taken some very extensive mineral leases in 
the Kilsyth and Tw districts in Stirlingshire, 
on which they are now making large demands. 
They are, we believe, the most extensive manufac- 
turers of coke in Scotland, the supply of coal for 
the purpose being got from the beds at 
Kilsyth, When in Joa 0 a, the works of Spe 
most enterprising firm give employiwnent to about 
9000 workpeople. At their works at Muirkirk the 
firm make a considerable quantity of bar iron, 





We must pone until next week our notices 
of several of the other works visited by the members 
of the Institution of Mechanical Engineers during 
their recent meeting at Glasgow. 
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now employed in driving four centrifugal pumps at the 
Oderbruck new. ig near Angermiinde (Prussia). 
The pumps have discs 1.7 metres (5 ft. 7 in) in diameter, 
and each delivers 14 tons of water per second, making a tota 
delivery of 18,000 tons of water per hour. 
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DOCKYARD PROFESSIONAL OFFICERS. 


THE discussion brought about by Mr. ge | 
in the House of Commons on Thursday the 30t 
ult. on the status and remuneration of the 
professional officers of the Royal Dockyards and 
of the Constructors’ Department of the Ad- 
miralty, opens up asubject of considerable interest, 
and one possessing more importance to the country 
than is generally supposed. Mr. Brassey introduced 
the subject with a speech which had the merit of 
extreme moderation, and it was one that, if it did 
no immediate good pecuniarily to the officers whose 
cause he pleaded, could not possibly do them any 
harm. It ruffled nobody's feelings. Mr. Brassey 
might have made out a much stronger case for 
the professional officers if he had pressed home 
comparisons between their positions and responsi- 
bilities and those of other branches of the civil and 
naval services. In such a case, however, he would 
probably have aroused angry feelings and jealousies, 
and inthe end have done harm rather than good 
with the House of Commons for those he aimed 
at benefiting. As usual Mr. Brassey had be- 
stowed care and attention on his case, and had 
studied a number of blue-books containing the re- 
sults of official inquiries on the subject. Indeed 
the First Lord of the Admiralty was evidently 
surprised to find there was so much literature 
extant on the matter. 

We doubt, however, whether Mr. Brassey’s re- 
searches‘among the reports of the various committees 
and Royal Commissions have entirely cleared his 
mind as to the real position and organisation of the 
poomentens staff of the dockyards, There was a 
engthy report of his remarks and of the whole dis- 
cussion in the 7imes of the 1st inst., but it is im 
sible for any one to gather from it any correct ideas 
on this subject. Circumstances have entirely 
changed since some of the reports from which Mr. 





Brassey quoted were made, and have been greatly 
modified, since most of them came into existence- 
Mr. Brassey’s speech, therefore, although carefully 
prepared, and with an evident desire to state the 
case fairly, must, as reported, seem to those ac- 
quainted with the subject like an echo of other days 
rather than like an exposition of the state of affairs 
at the present date. The discussion throughout was 
peculiar. The First Lord of the Admiralty is made 
to ap as far in advance of his time as Mr, Brassey 
isbehind. He describes the state of affairs asfollows: 
‘The constructors were selected, first of all, from 
the apprentices in the dockyards. These appren- 
tices were admitted on open competition, and 
the best were sent to Greenwich, where the 
received a careful and complete training, after whic 
they came back to the dockyards. The result of 
this system was highly satisfactory in producing 
highly trained men with a practical knowledge of 
their profession.” 

Now asthe Royal Naval College at Greenwich 
was only established about six years ago, and those 
trained there are still young men in very subordinate 

sitions, it is evident this reply was entirely mis- 

eading so far as the higher officers are concerned, 
and it was to these latter Mr. Brassey’s remarks 
applied throughout, It must be said, however, for 

r. Smith that he admitted he had not had time to 
look up the history of the subject, and consequently 
we suppose he assumed that the scheme at present 
in force has been fully developed instead of its being, 
as itis in reality, only in its infancy. 

Mr. Brassey urged that the chief constructors 
at the dockyards were the persons really respon- 
sible for the efficient management of the dockyards. 
‘¢ On the two cardinal points of cost and workman- 
ship the constructors were solely responsible.” He 
quoted a memorandum prepared by Sir Spencer 
Robinson for the Duke of Somerset’s Committee 
on the Board of Admiralty, to show that the super- 
intendent of a dockyard, the naval officer placed 
in authority over the chief constructor, is in no 
sense responsible for the quality or the cost of the 
work done in the dockyard. ‘‘He was the vehicle 
through which orders passed from the Admiralt 
to the heads of departments ; but if a work whi 
ought to have been done for 10,000/. cost 16,0002, 
he was not called upon to account for this excess. 
When a question was asked he directed the master 
shipwright to reply. All the naval superintendents 
who were examined by the Dockyard Commissioners 
in 1860 took a similar view of their position.” 

It should here be explained that the term ‘‘master 
shipwright” applies to the same officer as the term 
‘‘ chief constructor.” The former is the old time- 
honoured name of the head of the shipbuilding de- 

artment of the dockyard, and was well understood. 

he term “chief constructor” was applied only to 
the head of the Constructors’ Department of the Ad- 
miralty. Both terms were clearly recognised and 
fairly applicable ; but a few years ago, by the whim 
of somebody, the whole of the ‘‘ master shipwrights” 
were changed to “chief constructors,” and their 
assistants to constructors, and there are now in the 
dockyards, as well as in the Admiralty, a host of chief 
constructors and constructors, while a further grade 
of assistant constructors exists in the latter place, 
making altogether one of the most confusing and 
senseless arrangements of titles ever conceived and 
carried out in a great public department. We have 
never heard any reason assigned for this change, nor 
have we met any one able to suggest any advantage 
that could have been expected to arise from it, How- 
ever, to return to our subject. Mr. Brassey gave 
further evidence from the inquiry held before the 
Megzra Commission to show that the naval super- 
intendents of the dockyards, although occupying 
the highest positions, and drawing the largest 
salaries of any officers in the yards, are nevertheless 
not responsible for their efficient management. No 
argument could be more complete for their removal 
from such anomalous positions, and it is surprising 
to find Mr. Brassey almost in the same breath 
saying, ** he wished distinctly to disclaim any desire 
to see the naval superintendents of dockyards super- 
seded by civilians.” Our own belief is that the 
naval superintendents of dockyards have, as a rule, 
a damaging and demoralising effect on those estab- 
lishments, and that their removal is one of the most 
ne steps if the professional staff is to be 
brought up to an adequate state of efficiency with a 
correspondingly improved status and social position. 
This, however, we propose to show more clearly 
hereafter. 

Mr. Brassey next quoted the evidence of the late 


Mr. Oliver Lang, master shipwright of Chatham 
Dockyard, before the Dockyard Commission of 1860, 
to show the unsatisfactory social position of the 
dockyard officers. Mr. Lang said, ‘‘ I do not object 
to a considerable infusion of the working class, and 
their being allowed to rise to the highest offices in 
the branch. I complain that the sons of gentlemen 
are shut out entirely.” 

This, however, is a piece of nonsense arising from 
mistaken pride, and quite unworthy to be per- 
petuated by Mr. Brassey. Mr. Lang meant that he 
could not make his own son, or a boy of equal position, 
a master shipwright without first putting him to learn 
to be a shipwright. 

Mr. Lang himself is known to have had a good 
eye for the lines of a ship, and to have designed 
some beautiful models, but is not reputed for pro- 
found knowledge of the higher branches of his 
profession ; and he probably regarded naval archi- 
tecture asa heaven-born gift rather than a difficult 
profession requiring years of practical experience 
and scientific study, Any gentleman’s son might at 
the present time, or in the time of Mr. 
enter the dockyards as a youth, and by the help 
of superior education and abilities reach the posi- 
tion occupied by Mr. Lang himself, or even higher, 
at a comparatively early age. What more could 
Mr. Lang require? It is no uncommon thing to 
see the sons of some of the largest and wealthiest 
shipbuilders in this country learning to work with 
their tools to qualify themselves for their future 
business, and without doing this in early life, and 
passing through the draughting office and other 
stages of the business, a shipbuilder, whether in 
private life or in the public service, must always re- 
main more or less an amateur. 

Mr. Brassey next gave the following quotation 
from the report of the Megeera Commission to show 
that the professional staff of the dockyards was 
not all that could be desired. ‘We feel compelled 
to remark that we have formed, however unwillingly, 
an unfavourable opinion as to the mode in which the 
administration of Her Majesty’s dockyards is 
generally conducted. The officers appear to us too 
often to have done no more than each of them 
thought it was absolutely necessary to do, following 
a blind routine in the discharge of their duties, and 
acting almost as if it was their main object to avoid 
responsibility.” 

his was certainly a harsh judgment, and it was 
recognised pretty generally that some of the members 
of this particular commission were unnecessarily 
severe upon some of the best officers in the service, 
We shall show hereafter to what extent the above 
judgment needs qualification to make it adequately 
represent the present state of the dockyards. 
Throughout his speech Mr. Brassey s as. a 
man who has carefully culled from the official blue- 
books to get up a case, but without really getting 
at the kernel of the subject. 

Mr. E. J. Reed spoke with an intimate personal 
knowledge of the question and seconded Mr, Brassey 
in enforcing the claims of the professional officers, 
but in his anxiety to uphold the claims of his former 
colleagues he vastly overstated the case and did a 
manifest injustice to a much larger and equally 
able body of professional men, viz., the private ship- 
builders and naval architects of the country, 

The First Lord of the Admiralty, although not dis- 

sed to commit himself to rash promises, evidently 
ooked with a favourable eye upon the case of pro- 
fessional officers as put by Mr. Brassey, and promised 
to look further into the matter. We hope he will do 
so, for on the*one hand the professional officers have 
much to complain of that is not to be found in 
blue-books, and onthe other hand the organisation 
of the professional staff is so defective in many 
respects that reform is urgently needed as well as 
amelioration. It was truly said in the House the 
other night that the Admiralty professional men 
have but few friends. They are indeed the Bul- 
garians of the Admiralty employ, a race only just 
rising out of servitude and oppression. From time 
out of mind they have been more or less sat upon. 
In the Admiralty itself, as in the dockyards, the 
constructors and their professional staff have for 
years had to do most of the work, while naval 
officers on the one hand, and clerks on the other, 
have been reaping most of the rewards and no small 
share of the credit. ‘That this sort of thing is all 
wrong must be obvious, and it is pernicious in many 
ways, It not only perpetrates an injustice on the 
professional men, but it tends to deprive many of 
them of that tone and self-reliance which are ne- 
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dertaken, while in others it engenders an air dis- 
satisfied and defiant, equally undesirable and unbe- 
coming. Moreover, it tends to demoralise the naval 
and clerical officials themselves by encouraging them 
to affect the ornamental rather than the useful, 
and to really believe that the routine of official red- 
tapeism is — and more important than the real 
work in han 

Whatever may be the relative status of naval 
architects and marine engineers inside Her Majesty's 
service with men of the same professions in the mer- 
cantile world, there can be no doubt whatever that 
compared with other Government employés, such as 
clerks more especially, the professional men are 
either much underpaid, or the latter are much dver- 

id. We believe both errors exist to a large 
extent, and that a just rectification might be 
made without at all adding to the burdens of the 

ublic. 

. We believe that the.present absurd inequalities 
date from a time when Government clerks were for 
the most part political nominees having influence 
in the House of Commons, while the professional 
officers were mechanical men of limited education. 
In the present day the professional officers are more 
highly educated the clerks, and have their pro- 
fessional knowledge to boot, so that obviously their 
positions should be higher than those of the clerks, 
instead of being inferior to them. Somewhat similar 
reasons account for the subordination of the pro- 
fessional to the naval officers, and which contributes 
so much to the heartburnings and consequent inefli- 
ciency of the whole service. 

To treat this subject at all adequately will require 
considerably more space than we can spare this 
week, but it is worth returning to, for it is one of 
much interest, and one that outside the Admiralt 
service is but little known or understood. We wi 
therefore confine ourselves for the present to a few 
general observations, and reserve a more precise 
account of the growth of the present dockyard 
system and its results for a future occasion. 

The principle on which the Admiralty have pro- 
ceeded for many years in the Royal Dockyards has 
been to train their own technical officers from the 
lowest to the highest, like they train their naval 
officers, rather than to look outside of the service 
for a supply of shipbuilders or engineers whenever 
they might be required, In this respect they 
differ from mercantile establishments, who select 
the best men they can obtain from whatever 
source to fulfil the duties that may be required of 
them, There are advantages and disadvantages 
arising from both systems, and they should be care- 
fully examined and weighed before the real posi- 
tion of Admiralty professional men can be realised, 
or can be placed on a proper footing. The great 
advantage of a Government training its own profes- 
sional men is, of course, that the men are brought 
up in the ways of the service, they cling more to the 
service, are more amenable to discipline, and the 

ualifications of the different men become known to 

e higher authorities as they rise step by step in 
the dock or the Admiralty. The chief disad- 
vantage is of course that men trained all their lives 
in this way have a tendency to settle down into 
grooves, which in course of years it is next to im- 
possible to get them out of, However, the system 
of training their own officers, technical as well as 
executive, is followed in other countries, and is 
doubtless on the whole best, provided it is carried 
out properly. 

Mr. rassey said, ‘‘He would venture to urge 
that the Constructors of the Navy should be con- 
stituted as a distinct corps, like the Ingenieurs de 
la Marine, in France, and that we ought to have 
one he —e naval architects in Passa dockyard 
capable of preparing competitive desi, for new 
ships. In the French service, the wosk of the 
central office was limited to the specification of the 
qualities and the general features of the new ships 
which it was proposed to build. The programme 
having been prepared at head-quarters, the dock- 
yards were invited to furnish competitive designs, 
and the most successful was selected. That plan 
insured [a {wide development of ideas, and pre. 
vented the ~~ s of the Navy falling into a 
groove under the direction of a single mind.” 

Mr. Brassey here recognises in part the danger of 
getting into grooves, but he does not seem to realise 
the tendency which exists of a whole staff of officers 

i the same modes of thought cut off, as it 

Boren Gan octaerae Hees, ead cables ool occa- 
sionsily to criticism of a general kind in the House 
of Commons, to get into grooves under the direction 





of precedents, service traditions, and such like 
influences as easily as under the direction of a 
single mind. Instead of urging that the Ccnstruc- 
tors of the Navy should be organised into a distinct 
corps, Mr. Brassey should rather urge that they be 
given greater opportunities of becoming acquainted 
with the private iecenie and engine factories of the 
country ; and instead of seeking to confine competi- 
tion in design between the royal dockyards, he 
should urge that the eminent private shipbuilders 
of the country should be more often consulted, or 
brought into competition with the Admiralty de- 
signers. 

We have referred to Mr. E..J. Reed having eulo- 
gised the dockyard system and dockyard officers 
unduly at the expense of the private shipbuilders of 
the country. We will quote his words as reported 
the Zimes. ‘* The officers of the dockyards were not 
open to the suspicion of being theoretical rather 
than practical men. He did not believe there was 
a more practical body of men in the country than 
the technical officers of the Admiralty and the royal 
dockyards. Nearly every man among them had 
begun his profession with apprenticeship, and had 
acquainted himself with the use of tools, and nearly 
every one had risen from an humble position to the 
position he now occupied.” With all this we en- 
tirely agree, but Mr. Reed goes further than this, 
and says: 

“What happened when a private yard wanted a 
manager? ‘They came to the royal dockyards, and 
the men they got were those who had not been suc- 
cessful in the competition of the public service. 
The inference he drew was that the men in the 
royal dockyards were of the highest skill, both 
theoretically and practically, that could be found at 
present in the whole world.” 

Here Mr. Reed is entirely wrong in his facts, and 
consequently erroneous in his inferences. How 
many instances can he give of private yards going to 
a royal dockyard for a manager? Therule is entirely 
contrary to Mr. Reed’s assertion, and the exceptions 
to the rule are very few, and have not ended happily. 
How Mr. Reed could have got such an idea in his 
head, or laboured under such a misconception, is 
astonishing. In spite of his own showing, that the 
vessels being designed and built in the royal dock- 
yards possess every vice from unseaworthiness down- 


wards, how could Mr. Reed think for a moment that | pe 


private shipbuilders when they want a manager rush 
to the royal dockyards? Nevertheless the system 
of training given to professional officers in the royal 
dockyards is well worth study. Briefly stated the 
process is this : 

The supply of workmen in the dockyards is iY - 
up chiefly by the entry of apprentices at about the 
age of fourteen years. Each dockyard has its 
school and schoolmaster, and the apprentices for a 
certain number of years are bound to attend school 
at stated times, part of this time being in working 
hours and the remainder evenings. Itis in fact a 
system of Government compulsory education, which 
existed long before the days of school boards. Atthese 
dockyard schools periodical examinations are held, 
common to all the yards, and prizes are distributed. 
This promotes emulation among the apprentices, 
and an additional stimulus to study is provided by 
the fact that those who distinguish themselves most 
in the dockyard schools and succeed in the com- 
petitive examinations have the chance of pursuing a 
still higher course of education at the Royal Naval 
College, Greenwich, similar to that formerly sup- 

lied at the Royal School of Naval Architecture, 

uth Kensington, and at other still earlier estab- 
lishments for the same p These students are 
intended to fill eventually the higher professional 
positions in the dockyard and Admiralty. 

Those who have been trained at Greenwich are 

for the most part yet in subordinate tions as 
we have stated, and nearly the whole of the higher 
positions in the dockyards are filled by men trained 
in the former schools and by men who, without 
the advantage of such a training, have gradually 
worked themselves up from grade to grade from the 
position of apprentices. 
Each of these grades or steps has had to be fought 
for at a competitive examination, so that, as a rule, 
the tale ofja dockyard officer’s promotion, is sad- 
dened by a perpetual worry to his examina- 
tion in algebra, geometry, and other subjects 
which it was well enough to test him in as a 
but which are absurd as a test of his qualifications 
as a practical officer in middle life, 

Few things indeed do more in the dockyards to 


this perpetual necessity for keeping crammed up for 
competitive examinations; it 1s well known that 
many of the most efficient officers have given up all 
chance of promotion in despair and disgust rather 
than keep on going through examination after ex- 
amination against an ever increasing flow of younger 
men comparatively fresh from school and of far 
less experience. And on the other hand men 
abetted fer the higher college training and read in 
higher mathemathics and the science of their pro- 
fessions, have afterwards to compete for years in 
elementary arithmetical examinations before they 
can get a step of advancement in the dockyards! 
But this opens up a wide field, that we must recur 
to on a future occasion. 





THE RECENT GUNNERY EXPERI- 
MENTS AT MEPPEN. 

A SERIES of experiments were made last week at 
Meppen, in Hanover, on Krupp guns, with results 
which will not in any way serve to restore the repu- 
tation of Woolwich Arsenal, which was so seriously 
injured by the explosion of a 38-ton gun on board 
the Thunderer. On the contrary, as we will pre- 
sently show by acomparative Table, our official gun- 
factory has been left hopelessly in the rear by a 
private firm, which turns out guns of all calibres, in 
comparison to which our service pieces are almost as 
antiquated as the old 68-pounders are to the armour- 
piercing weapons which replaced them. 

A careful study of the Table on the opposite page 
will be found instructive, for Krupp’s; guns difter 
from our own in nearly every particular, in material 
of construction, in the manner of loading, in the 
nature of the rifling, and the rate of twist, in the 
peoretiens of powder to projectile—of calibre to 
ength—of power developed to weight of gun, in 
short in no two particulars are the systems alike. 

There were in all twelve guns experimented upon, 
varying in size froma piece of 15.75-in. calibre, 
weighing 72 tons, to a 3.78-in. field gun, weighing 
little more than 12 cwt., but of this number only 
five, viz,: the 15.75-in., a 14-in., a 9.45-in., a 4.13-in. 
and a 3.78-in. gun are of any interest fof purposes of 
comparison with our own weapons. We have ac- 
cordingly collated and tabulated all the figures of 
importance relating to these five guns and their 
rformances, and also the co nding data of 
those English service pieces which are nearest to 
them in weight and calibre, 

The first point of interest which strikes the 
reader on looking over the Table is the enormous 
initial velocity attained by the Krupp guns, a result 
which has been achieved mainly * the use of 
immense charges of powder, long bores, and 
cartridges judiciously arran to maintain the 
powder pressure till the projectile has nearly left 
the gun. In the case of one of these guns, viz., the 
24 cm. or 9.45in., the initial velocity reached to 
1910 ft. per second, the corresponding energy was 
8755 foot-tons, the penetrating figure, or energy per 
inch of shot’s circumference was 294.8, and the 
figure of efficiency, or energy develo d per ton 
weight of gun, was 486.4. Comparing this with our 
own service 9-in. and 10-in. guns the stride in 
advance is certainly amazing ; but going further and 
comparing it with the 38-ton gun of the type 
mounted in the Thunderer, it will be seen that 
the Krupp weapon, which only weighs 18 tons, or 
less than half its rival, has an equal power of 

netration, the energy per inch of shot’s circum. 
erence being 294.8 foot-tons, as against 296.5 in the 
case of the 38-ton gun. As a matter of fact, during 
the trials at Meppen the steel shell fired from the 
Krupp gun pierced a target consisting of a 12-in. 
and an 8-in, plate separated by 2-in. of pine planking ; 
in all 20-in. of iron, and after penetration had 
sufficient energy remaining to enable it to travel 


over a ay the other side. The oenee 
here indica has an especially important - 
ing upon naval armaments, the volened weight 


of gun necessary to secure a given penetration 
olin great modifications to be made in ironclad 
construction, while if the present weight of guns be 
retained, the increased penetration obtainable 
renders practically useless thicknesses of armour 
upon which reliance has hitherto pen preene. : 

Another gun which is well worthy of special 
mention is the 3.75-in. i weighing a little 


lad, | over 19 cwt,, and firing a shell of 27 lb, with a 6.5 lb. 


charge. The superiority of this weapon over our own 
12 owt. or 16- ae field gun is Msg een = 
e 








vex the life and lower the tone of the officers than 


weights of are as 27 Ib. to 16 Ilb., 
energies developed as 405 to 200 foot-tons, or rather 
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more than 2to1l. It may safely be said that our 
own field artillery could not live in the face of the 
fire from these guns. It is, however, understood 
that the War Office has been for some time alive to 
our deficiencies in this respect, and that our field 
batteries are to be re-armed with new weapons which 
embody every improvement ; it would be well if the 
military authorities could allay the public alarm by 
publishing the results obtained with the experi- 
mental battery, which we understand has been for 
some time under trial. 

Of the remaining guns, not referred to in the 
Table, two embody somewhat novel features. One 
of these is a muzzle pivoting gun of 6.7 in. calibre, 
and rifled with 36 grooves having a uniform twist 
of one turn in 45 calibres. The muzzle of this gun 
is formed in the shape of a portion of a sphere, and 
works in a universal joint formed in an armour- 
p=. The embrasure is consequently but little 
arger than the bore of the gun. To prevent the 
gun from jamming in its joint if struck by a hostile 
shell an external shield is provided which is furnished 
with a counterpoise and levers for raising and lower- 
ing it, This shield covers the whole region of the 
embrasure when the gun is not being fired. Recoil 
is of course impossible. 

The second novelty referred to is a boat gun 
mounted on a vertical pivot, about which it can 
describe a complete circle. It is 3} in. in calibre, 
and 14 ft, in length. It is rifled with 24 grooves, 
having a twist of one turn in 30 calibres. The 
powder charge weighs 15 lb. and the shell 22 lb, In 
the case of this gun, also, recoil is impossible, 
though in later examples provision has been made 
for a recoil of a few inches, The central pivot is of 
course fixed to some specially prepared beam or 
beams in the ship, 

The trials throughout were principally to test 
accuracy and velocity, and in some cases also the 
range of the various; guns. The accuracy attained 
was in all cases most remarkable. At a range of 
2700 yards the 40-centimetre gun put eight shots 
into an area bounded by a parallelogram 68 in. by 
19 in,, i.¢., the extreme lateral deviation was only 
34in., and the extreme vertical i At the 
enormous range of 10,300 yards the 10.5-centimetre 
field gun dropped 10 shells upon an area 40 y: 
wide, measured across the range, and 800 yards 
long, measured in the direction of the range; but 
of these 6 or 50 per cent, fell within an area 
measuring 18x44 yards, Very few shots were 





fired at armour plates, nor was this necessary, for 
in the present state of science if the energy of a 
projectile is known, its penetration into all ordinary 
descriptions of armour can be predicted with ac- 
curacy. All the guns experimented upon were steel 
breechloaders, the tihehih-closing apparatus being 
on the well-known Broadwell system. It is under- 
stood to have given the greatest satisfaction, no 
escape of gases to the rear having been observable 
throughout the whole trials, After the recent 
explosion of a 9-in. Krupp gun, on board the 
German gunnery ship Renown, the breech piece 
was found to have been absolutely uninj It 
would be difficult to conceive of a more severe trial, 

It must not be supposed that the good perform- 
ances of these guns is in any way due to the metal 
of which they are made, for in spite of the enor- 
mous charges used, the powder pressures were low 
throughout, and never exceeded 20 tons on the 
square inch. Wrought-iron tubes, in cast-iron 
cases, on the Palliser principle, as adopted by the 
United States Navy, weed have stood the test 
equally well, and would not have cost half the 
money. The real merit is due to the judicious ar- 
rangement of cartridge, and the length of bore, 
which enable the powder gases to act with sustained 
pressure on the projectile during a considerable 
space, 

It is satisfactory to know that our own private 
manufacturers have not been left in the lurch, for 
Sir W. Armstrong attained equally good, if not 
better results, a year ago with a 6-in. gun, and lately 
also with the 1l-in. guns supplied to the Chinese 
Government. 

But now the question forces itself upon us, how 
is it that Woolwich Arsenal, supported as it is by the 
wealth of the nation, has been left hopelessly behind? 
We fear the answer is that artillery officers, no 
matter how competent they may be in the fulfilment 
of their military duties,’cannot be expected to;manage 
one of the largest mechanical engineering establish- 
ments in the country, nor can they be expected to 
understand thoroughly the nature, the application, 
and the manufacture of materials, nor the proper 
applications of the laws of force to the motion of 
matter, unless they have undergone a special educa- 
tion for this purpose, and above all, have had lengthy 
practical experience. We might with equal reason 
expect the Chief Constructor of the Navy to take 
command of the Channel Squadron, or Sir Joseph 
Whitworth to command a brigade of artillery 








action, as an artillery officer to design and manufac- 
ture guns, and to superintend the mechanical ar- 
rangements of a large arsenal, 





Bury Locat GovernmMzenT Boarp Inquiry.—Mr. 
John “Thornhill ison, O.E., attended at the Council 
Chamber, Bury, on Friday, the 25th J for the purpose 
of inquiring into the subject matter of he —— of 
the Town Council to borrow the sum of 40,0007. for 
sewerage purposes. Mr. F. Bull, town clerk, said the 

pulation of the borough was 50,000, the rateable value 

4,6511., the expenses of the construction of all sewers 
must be borne by the sewer rate, which amounts at the 
present time to 6d. in the pound, which would raise 
a sum equal to payment of principal and interest in 
30 years of the amount now pro to borrow. Mr. 


J. Uartwright, C.E., the borough surveyor, produced 
the plans, Seghtentes of which had been —s with 
the Government Board, and described the scheme 


upon which the application had been based as follows : 
first, sewers for new streets, second, intercepting sewers, 
of which t were two, one along the valley of the 
Roach, the other along the valley of the Irwell, which 
sewers when comple would convey the whole of the 
sewage of the tounge to onepoint. The former part of 
the scheme emb sewers for new streets, of which 
there were some 10} miles, the estimated cost of which 
was 11,8301., being after the rate of 6511. 6s. per mile, to 
which must be added for manholes, ventilators, and street 

ies a further sum of 3812/. 10s., making a total of 


5,7021. 10s. The second division, the intercepting sewers, 
embraced over five miles of brick sewers varying in size from 
Sft. by 2ft. to 4ft. by 2ft.8in.; the estimated cost includ- 


ing manhaies, venmianens Ste was raat 15s. _ — 
are designed to convey the sewage from presen 
population, —— with a rainfall of 4 in. in 24 hours; 
the average ity of the flow of the sewage would equal 
44 ft. per second. Storm overflows w be provided 
pensonly at the present outlets, which would convey the 
ey ra into the river, the natural brooks, of 
which there were several, would also be allowed to flow as 
now into the river. The land at the ontfall was suitable 
poe, both as to site, levels, and nature 
bserved that no provision was 
ification nor purchase 
he did not 


ight urged upon the atten- 
tion ores Geuirebilty of th granting 
the ioan of 15,0001. for new streets, inasmuch as the 
sewage from them would be 


ultimately be taken into 
| ie oe mn that might afterwards bo adopted: 


Board would not be favourable to the t of 15,0001. 
orporation showed t i 


unless the 
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BOILER-DRILLING MACHINE. 


CONSTRUCTED BY MESSRS. G. AND A. HARVEY, ENGINEERS, GLASGOW. 





We annex engravings of a boiler-drilling machine, 
designed and recently constructed by Messrs. G. and A. 
Harvey, of the Albion Machine Works, Glasgow, this ma- 
chine embodying some special features. As will be seen 
from our illustrations the machine is mounted on a double 
annular baseplate or double annular rail, as it is termed 
by the makers, there being fixed outside this three seg- 
mental outer rails fitted with racks. On these segmental 
rails and the outer flange of the inner Annular rail are 
mounted three radial bottom frames. each of which is 
clasped to a central bearing, and carries a standard with 
a boring saddle or headstock. The spindles of the three 
headstocks are driven from a central bevel wheel through 
the shafts shown in our engravings, the arrangement 
being such that the three pinions which gear into the 
central wheel cannot come into contact in any position. 
The boiler to be drilled is carried, as shown, by a central 
circular table, goar being provided for conveniently 
turning the table when required. 

In the machine it is intended that each drilling 
headstock shall drill one-sixth of the circumference of 
the boiler, the three thus finishing one-half of a ring 
seam. When this has been done the table carrying the 
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boiler is revolved one-sixth, bringing the other parts of 
the seam in the position to be operated upon. The head- 
stocks have, as will be seen, a vertical traverse on their 
standards for drilling longitudinal seams, and the whole 
arrangement is very convenient. 


STEAM CRANE WITH SELF-ACTING 
BUCKET. 








WE give this week on page 129 an engraving of the 
steam crane with self-acting bucket and grab which was 
exhibited by Messrs. Priestman Brothers, of Hull, at the 
recent show of the Royal Agricultural Society at Kilburn. 
In our engravings, Fig. 1 is a general elevation of the 
crane with the grab ag from it, and Fig. 2 a front 
view of the grab, while Figs. 3 and 4 are views of the 
self-acting bucket by which the grab can be replaced. 
The self-acting grab is used for raising stones and similar 
bodies, which can be effectually held by its arms, while 
the bucket is employed when soft materials have to 
be dealt with. The mode of closing the bucket is 
identical with that of closing the grab, and our descrip- 
tion of the arrangement will thus apply to each. 

Referring to our engravings it will be seen that two 
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chains are employed, one, the lifting chain, being led 
from the drum a over the pulley at the head of the jib 
in the usual way, and attached toa drum 5 (see Fig. 3) 
mounted on the frame attached to the grab or bucket. 
Cast in one with the drum } are two smaller drums ¢ ¢, 
on which chains are wound in the contrary direction to 
that in which the chain first mentioned is wound on the 
drum 6. The chains for the drums cc are led upwards 
and attached to the crossbar d, the ends of which 
slide on the frame e¢,e and which has hinged to it 
the links by which the two parts of the bucket are forced 
together. As will be seen from an inspection of our 
engraving, the arrangement is such that the hauling 
down of the bar d towards the drums cc closes the bucket 
or grab. 

To the centre of the bar d is attached another chain, 
which is led up over a pulley at the head of the crane 
jib, and then down to the drum /, around which it passes 
tothe guide pulley A, and then up to and around the 
pulleys ii, the lower of which carries a heavy weight 
k capable of rising and falling, but suitably guided. On 
7 same shaft as the drum f is a brake pulley, as 

own, 
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The action of the arrangement which we have de- 
scribed is as follows: Supposing the grab or bucket to 
be in its highest position, the chain ing from the 
drum a is left slack, and the weight of the apparatus 
sustained by the chain coupled to the centre of the bar d, 
this chain being held by the brake on the shaft of the 
drum f. Under these circumstances the crossbar d is, of 
course, kept near the top of the frame ee, and hence the 
jaws of the bucket or grab are fully open. The bucket 
or grab is then lowered at any desired rate by manipu- 
lating the brake controlling the drum f. When it has 
arrived at the bottom of its course, and is in a position 
for taking hold of the material to be raised, the friction 
wheel which drives the drum a@ is put into gear, and the 
engines being started a strain is put on the chain leading 
tothe drum 6. The first effect of this is to uncoil the 
chain from this drum, causing the latter to rotate, and 
































so making the drums cc wind up the chain and haul down 
the bard. In this way the jaws of the bucket or grab 
are closed, and when this has been done, the drum 6 being 
no longer able to rotate, the chain on which the engines 
are hauling lifts the whole apparatus. During the lift 
the brake on the shaft of the drum / is released, and a 
counterweight attached to the lever pulley i then causes 
the stalk of the chain to be taken in as the bucket rises. 
When the full lift has been made, the chain attached to 
the crossbar d is held by the brake, the chain drum a 
set free, and the load being thus transferred to the bar d, 
the frame ee slides down, opening the bucket or grab, 
and depositing the material which has been raised. 

The operations here explained are somewhat lengthy 
to describe, but in practice they are performed very 
rapidly, and at Kilburn the whole apparatus worked 
admirably. By means of a lever acting on an eccentric 
bearing, the large friction wheel on the shaft of the drum 
a can be readily thrown out of gear with the pinion 
which drives it, and the engine can be used for slewing 
or travelling the crane in the ordinary way. The whole 
arrangement is a very handy one. 





Great NorTHERN TrLeGRaPH CoMPaNy, — The, 


num _ forwarded by the Great Northern 
T re ns eg hy this year 
was 483,258, as compared with 493, the first seven 


months of 1874. ‘The company’s rerenue presen 
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FORGING CRANKSHAFTS.* 
By Mr. W. L. E. McLzan, of Glasgow. 

Tue following paper describes the method of forging 
marine crankshafts yor Sores: at the Lancefield Forge, 
Glasgow. It will be better un if a short account 
is first given of the ordinary methods in use for the same 


irst Method.—The most common method is technically 
termed by the forgeman ‘“‘ finishing the piece before him.”’ 
He begins-with a staff or stave, as shown in Fig. 1, sus- 
pended by a chain from the crane, and made round for 
the convenience of manipulating under the steam hammer ; 
this stave is used over and over again for many forgings, 
as it is merely the “‘ porter” to the piece, and enable 
it to be worked. T > feuing te Vasant two or three 
slabs being placed on the stave as at S § 8, and then in- 
serted in furnace. slabs are flat blocks made up 
of pieces of scrap iron, which have been piled and heated, 
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finished, a proper heat could not be taken on the body and 
neck for finishing, without the neck giving way or ruptur- 
ing. Indeed, as it is, the undue samen often causes 
the shaft to be strained at this , where We 
should be, so that it is ren weak, and a flaw is 
veloped which by-and-by causes it to be removed from the 
break outright teat thet on tt te aden Oe 
ou ; 80 ‘orgeman 
method, must be very careful to p ion the amount of 
iron he has massed in the furnace to the size of the body he 
Coiotact’ Ak copkarcigieaens etl easly seagaeen ah 
6 place. marine engineers 
defect, which uently occurs, but the cause of which is 
probably not well understood. Such a flaw will it a 
similar a) seers Seema Hoe 6 en from 
an example. 
This difficulty of ioning the of the crank first 
forged to the alee of the neck ill still better under- 
stood by the appearance of it in the furnace, as shown in 
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Fig. 22. 











Fig. 23. 




















Fig. 24, 








Fig.27. 
Aaa oan 


t r a 





Was H. 


t iH 


and then welded together. After being bro 
ing heat in the firnace, the slabs are withdrawn, placed 
under the steam hammer, and beat down solid. The piece 
is then turned upside down, and two or three similar slabs 
placed on the opposite side, as shown at S S, Fig: 2. When 


ht to a weld- 


sufficient iron has been thus added to form the collar of the 
shaft (assuming it is to have a collar), it is rounded under 
the hammer, as at C, Fig. 3, and the body of the shaft next 
to the collar is roughly formed, as at D. More slabs SSS 
are added to bring out the body, and afterwards the crank 
itself is proceeded with, as at E, Fig.3. The piece will 
begin to assume the appearance of A, ~ 4. en more 
slabs are welded on the top, as at SSS, Fig. 4, till the 
depth of the crank is obtained, after which the forgeman 
proceeds to finish the collar and body of the shaft, as 
shown in Fig. 5. The collar on being finished is cut all 
round, as shown at C D, so that it may be more easily de- 
tached from the stave when the shaft is completed, leaving 
only sufficient connexion to carry it till then. The forge- 
man then cuts the gable of the crank as at E G, and rounds 
up the body and neck as at B N. 

This it will be observed is a speedy process, and would 
invariably be adopted if it were not attended with a very 
serious 
the forging. For it will be easily understood that not 
above a third of the crank itself can be thus formed, be- 
cause the iron at the neck N would not carry a 
mass ; if the whole mass of the crank, or even the of 
it, was formed before the body and neck of the shaft were 


@ Paper read at the Glasgow Mecting of the Institution 
of Mechanical Hogineers, 










drawback ; it is very hazardous to the solidity of | means 




















ing reached; this’’stage, with’ one end of the 
,» as also that ion of the crank i 
which of necessity was completed before the collar was cut, 
in order that the neck might be finished, no more iron can 
oe, oO up to the fall depth 
‘ore be added on the flat, as in 
is shown on its flat side in the fur- 
ing outside the furnace door. 


cess repeated on the er 
are similarly placed on botk sides, as shown in Figs. 9 and 
10, of which one is the flat, and the other is the edge view 
of the crank at this stage; and this is continued till suffi- 


cient iron has been massed to allow of the other gable of 
the count: being out Comte 0008 2. E . 11, and sufficient 
also to allow of the other part of the body B being rounded 
and prepared for further ing out. 

Now it will be o' gable finished has 
the slabs 


the position of the crank-pi 


, 

The flaw thus ced, 
called ‘a scarf end in the fa,” is readily Banned ss by 
all marine engineers ; at KE, Fig. 14, is 
actual occurence. 

When the second gable is cut 
rounded, there is wy oy other collar to put on (if a double- 
collared shaft), and i . 

This is so s ly as com 
that it is often resorted to even at the risk of 
forging ; and too many broken shafts testify to the fact. 
Besides, it may be observed that in a double crank- 
pref yy mg or _ hale 15 Say he 
oO must ; for, the . 15) being com 
and the body B, between the two cranks, also completed, 
the second crank C must of necessi i i 
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portant of the shaft, and therefore, at all costs, 
Lee! Others, no doubt, may take the 


im 
should be made first. 


e view, and to avoid the risks just menti may ado This leads him to some observations ing the 
the following method. ; 7 anv" | material few Ouch shafi It is of course well known that in 
Second Method.—This method builds the middle first, | the early days of engineering, before the time when steam 
and is called “turning the shaft end for end.” The shaft | navigation had received its great impetus by the invention 
is begun from a stave, by the addition of slabs, as shown | of the screw , the rods, cri , shafts, 
&c., of land engines were all formed of cast iron ; except 

indeed where the ing rods were made of w 


tt is formed as at B, to form the nucleus of the 
; slabs S SS are then piled on it to bring the crank 
down, and welded, 
and more are added, as at SSS, Fig. 17, till the full height 
Should the web (or edgeway of 


in Figs. 1 and 2. Fig. 16 shows it with iron added in slabs, 
tll a bu 
crank 


up to the height. These are beaten 


of the crank is reached. 
the crank) be thick, two slabs are frequently used to 


up the breadth, placed edge to edge, as shown in Fig. 18; 
the width of these slabs being limited by that at which the 
shinglers can conveniently work and turn them under the 
steam hammer. The crank however is completed without 


any “ side slabs,’’ such as shown in Figs. 8, 9, and 10; 
the beating down of the slabs on the 


mass, and gives sufficient material to forge out the crank 
to the proper height by hammering on the flat. The crank 
is afterwards cut at the off gable at G, Fig. 19, the body B 
ied, the collar welded on, and then a 


pieced out and round: 
small stave S is drawn upon the end, to enable the fo: 


man to handle the piece when he “turns it end for end” 


to complete the other end of the shaft. 


This method, though better than the last, is also objec- 
tionable; for though there is not equal risk of “scarf 
ends’’ in the pin, yet the weldings are all on the edge, as 

i 30, where the section of the crank-pin is 
circle; and the cheeks of the crank, 
OO, are thus liable to give way if a heavy strain comes on 

A The defects arising from this 
cause are shown as below, Figs. 21 and 2la, and will be 


shown at T, ‘ 
shown by the dotted 


the crank when at wo 


readily recognisable by all engineers 


Third Method.—Considerations such as these have led 
eld method. Fig. 22 
shows the piece begun from the stave in the usual way, 
with the slabs all welded however on the flat, till a basis 
A portion A 
is roughly rounded to form the one end of the shaft, and 
the butt of the crank will present the appearance of a 
elongated square, as shown at BB, Fig. 23. The 
workman then “ scarfs’’ or hollows it down at one edge all 
A to B, and as 
ted on the end view by the dotted line from C to 
D; it will then present the cqocemenes shown by the end 
0. 


to the adoption of the third or 


is formed for the building up of the crank. 


slightly 
along the side, as shown in Fig. 24 from 
indica’ 
view, Fig. 24, being somewhat 


andF. Three long thin slabs, and s. 


SS, fo 


for the purpose, are then placed on the ho’ lowed part, the 


uae lying flat in the furnace. These slabs 
ittle the 


breadth way, [not ‘on the length, and little 
between them, to keep the 
surfaces apart, and allow the flame free access between 
them. The object of making them thin is that the ~~ 

when 
the slabs are thick; and the object of the tapering is to 
allow the slag to flow out freely when the uppermost slab 
aces thus get 
solidly welded. Fig. 25 presents the slabs thus placed in 
The slabs are forged 
long enough to go right across the whole width of the 


pieces of iron are in 
be all equally heated, which is not so readily achiev: 


is struck by the steam hammer. The s 
elevation, and Fig. 26 in section. 


crank, excepting about 6 in.; this margin is nece: 


ssary to 

allow of the lengthening out of the slabs to the whole width 
under the preeens of forging. After these slabs are per- 
led, the piece is turned upside down, and the 

rocess is repeated on the other side, as shown in Fig. 27. 
in depth as 
well. Another scarfing takes place on the first side, and 


fectly wel 


en welded down the mass ine: 


then another on the second side, as shown in . an 
29, and so on, till the full size is obtained ; and it will b 
seen, as in Fig. 30, that this process of “ 
equally from both sides, the 


seen that by no possibility can there 


weldings crossing them, as in the previous cases ; fo’ 
tail of a slab may be at R, while the other end may be at S 


Pie. 30). The 


8 
crank has been thus massed sufficiently large, it is cut at 


the gable, with sufficient material left to piece out the other 
body of the shaft. This is now done, the coupling welded 


on, and a small stave drawn on the end to enable the forge- 
man to manipulate it, when it is turned end for end, to 
— the other end, as shown already in Fig. 19. 
These p’ occupy longer time than either of the 
other two methods, and Fee ae | cost a little more ; 
but the advantage is well worth all the difference, as 
greater confidence can be entertained that the forging is 
every way satisfactory. In brief, by ing the crank 
first, is avoided the liability to weakness at the neck, 
characteristic of the forgeman’s makirg the shaft before 
him, as in the first method : by the repeated “ side scarf- 
ings’ is avoided the liability to fracture across the cheeks, 
consequent upon the edge vo of both first and second 
methods ; while by having the slabs the whole length of 
the width of the crank any “‘ scarf end’’ in the length way 
of the crank-pin is impossible (such as may occur in the 
first method) ; and the welding of the mass of the crank 
wholly on the flat must tend to form a more solid 
nein than  Soerel otherwise. ep if the forging 
is properly hammered, the system promises 
to insure that no weak part will be found in the shaft after 


outward at the points 









iron from the very middle of 
the body of the shaft (originally as at H I in the end view, 
Fig. 23), is drawn up quite to the crank-pin. The pin will 
show in section as the dotted line, Fig. 30, and it will be 
a “scarf end’’ in 
the crank-pin, as the slabs in all cases go right across the 
crank, and also that the cheeks of the cranks have no edge 

r the 


R 
bre is also developed by the continuous 
wing up of the iron consequent upon the repeated flat 
across the whole width of the crank. When the 


















































it is 


case with pumping, win and blowing engines. 


all the parts that coul 


bound together or “‘ ted,’’ as they were 


their resemblance to a 
called “‘ strikers,’’ or hammermen, or 


stronger material, wro' 
to cast iron, because the 


steam, which was now almost univ y super: 


of heavy masses com 
fell into disuse, for the following reason: In 


reach to the centre, yet the interior wo’ 


thing for a shaft to break and expose the internal 
quite loose and separate from each other. 


posed principally of 
cuttings from smith’s shops, old bolts, 


strength they obtained by these means, invariably spec 


forgin 


from flaws and defects.’’ 


To meet the requirements of their customers therefore 
forge-masters had now nothing to do but to select and use 


the best available scrap iron ; but the universal ado 


iron hulls in place of wooden ones, conjoined with the rapid 
i tion, soon in- 


and unprecedented increase in steam naviga 
troduced 


— direct from the pig and then shing 


to the condition of scrap iron, while being fo 
steam hammer. This, however, is foun 
the case. The forging is certainly free from the streaks 
of the scrap iron, 
strength ; for the material is too raw; it wants cohesion, 


and has not had the proper kind or amount of working 


to noing it to the condition of superior wrought iron. This 
method is still farther tempting, inasmuch as it is far 
cheaper than the other ; the material costs less than scrap 


iron, and, as it welds at a lower temperature, a forging 


can be much more quickly and easily made. Still, for 
whatever class of machinery it may fitted, it should 
certainly be eschewed in every ‘case for a crankshaft or 
propeller shaft. 

rom these considerations it has been the custom at 
Lancefield, in the preparation of the iron for crankshafts, 
to improve upon the ordinary condition of the scrap iron 
in the following manner. 
cleaned aud selected scrap ; it is brought to a welding heat, 
and then hammered under the steam hammer. But instead 
of being beaten into a flat slab for the forgeman, it is 
beaten into a square billet, which is afterwards rolled in 
the rolling mill into a flat bar, as if for ‘‘ best best’’ mer- 
chant iron. By this additional heating, hammering, and 
rolling, all the different qualities of the scrap iron com- 

ing the pile are m into one homogeneous material 
oben ta bre given to it that was lost in the separa 
portions the scrap iron; and this, when cut up into 
proper lengths, and again piled and shingled into the slab, 
results in a material possessing somewhat the closeness 
ing all the toughness and 


it is finished and me work. The writer believes, from | and density of steel, while retai 
the success which os es every case the | tenacity of superior malleable iron. The improved method 
m of this it will eventually be found | of ing the forging, previously detailed, is worthy 
almost more on the mode in which a crank- ho enn ef hls couunior ‘qutuainhs ent bomb having been 





sheath Soagiag tp qnetnestod then om fho.matecial of which 
e. 


strapped with plates of wrought iron, as frequently ae 
= - 
id be made of cast iron were so made, 
and the piston rods, bolts, keys, straps, and other smaller 
rts were alone made of malleable iron, the smaller pieces 
ing made from rolled bars direct, as at present, and the 
larger made of similar bars, but placed side b; —— 
, from 
die of fagots. These bars, thus 
fagoted, were either brought to a welding heat in a smith’s 
hearth and welded under the sledge-hammers of the men 
else heated in a fur- 
nace, and welded under the tilt hammer worked by a steam 
engine. By-and-by it was found necessary to adopt the 
ht iron, for parts hitherto confined 
tter was found too deficient in co- 
hesion to stand the strains due to the power of hi ——- 
e use 
of low-pressure steam in the condensing engine. The system 
of fagoting, however, was still carried out, even far into the 
history of marine engineering ; but when the rapid increase 
in the dimensions of engines, both stationary and marine, 
called forth the steam hammer, and so rendered the forging 
tively easy, the system of fagoting 
up a 
fagot, say, of 18 in. or 20in. square, it was found that in the 
furnace the outside bars would reach a welding heat much 
sooner than those in the middle ; consequently on welding 
this fagot under the steam hammer, —- the blow might 
uld not be welded, 
while the surface was; hence the shaft or other forging 


would not be welded throughout, and it was no uncommon | t 
i bars | is viewed as a 


When it was seen that malleable was so much superior 
to cast iron, and that the system of fagoting was so im- 
perfect, the adoption of ‘‘ scrap iron,’’ which was then com- 
parings of boiler plates, pieces of 
horse-shoes, angle- 
iron, &c., became general. These being piled together in 
suitable pieces, and in a pile of suitable size, for the conve- 
nience of working, were brought to a welding heat, and 
pered a | beaten out into a slab, or oblong-shaped piece, ready for 
the forgeman ; who would build two or three together, add- 
ing more when required, and so bring out his piece to a 
sufficient size to enable him to shape his forging out of it. 
Then it was that engineer, seeing what an pee KY 
on their drawings (as many of them still do), ‘‘ These 
are to be made of carefully selected scrap iron, free 


a class of scrap iron which did not possess the 
qualifications of good scrap, and also called for a very much 
greater supply of forgings than could be obtained in 
superior scrap iron. The consequence was that shafts of scrap 
iron, when turned and finished, became liable to exhibit 
d | streaks and seams, not due alone to imperfect welding in 
the forging, but likewise to the laminations and im- 
perfections of the original scrap iron, which the process 
of piling and shingling into the slab was not sufficient 
to obliterate. So. constantly does this yet occur that it 












causes a strong temptation to make such forgings of new iron 
ed into slabs or 

looms, under the idea that these streak s and seams will 
thus be avoided, and that the iron will be improved almost 
under the 
not to be 


ut this is obtained at the expense of 


The pile is made up of carefully 


draw your attention to the “ tri 


adopted at Lancefield with results which have commended 
themselyes so unmistakably to Ln pf engineers, that they 
now not only specify the material but stipulate for the 
mode of manufacture, it is je mary og the system has only to 
be more widely known in order to be universally adopted. 
It is certain to give greater confidence in the endurance of 
such important parts of the machinery, although this con- 
fidence may have to be obtained by a small increase in the 
cost, due to the extra workmanship both on the material 
and on the ee 
When we take into consideration the vastly accelerated 
8) of the marine engine in late years, and the many 
disastrous effects which follow the breaking of a shaft at 
sea—also that the tendency of the is still towards much 
higher pressures, and further lengthenliier of stroke—it is 
not surprising that improvement in such an important part 
as the crankshaft should be eagerly sought after; but it 
has hitherto been sought in the direction of the material 
alone. Cast steel has been advocated, and —— to some 
extent into use ; but its expense renders such shafts costly 
out of all proportion to the other parts of the engine ; while, 
in the event of their heating when at work (a very fre- 
+ ge casualty), and having the water-hose di upon 
the crank-pin or journals, it cannot be expected that the 
material will behave any better, or even so well, as tough 
wrought iron. .What is termed puddled steel is liable to 
the same objection, and probably, from its mode of manu- 
facture, in a still greater degree. The so-called mild steel 
is no doubt proving itself a superior material, and yielding 
good results when rolled into ship or boiler plates. But 
thus prepared, it is more costly than “ rolled scrap bar ;’’ 
and if not rolled, but cast into an ingot, then it possesses 
some of the crystalline characteristics of steel, with all the 
disadvantages attending its manipulation into a forging. 
For extra large crankshafts, the fear of unsoundness, 
arising from the ordinary mode of forging. has led some 
engineers to consider the propriety of building the shafts 
and cranks in separate pieces. This, with engineers 
generally, has not hitherto = looked upon with favour ; 
as the fewer the pieces the more rigid the shaft. Moreover 
the increased weight necessitated by this separate building 
disadvantage, even although it were not 
attended with ter cost, as undoubtedly it is. 
The material and mode of manufacture advocated in this 
yew may tend to dissipate some of these apprehensions. 
hey will not obviate defective construction in the engines 
themselves, or faulty proportion of their parts, or neglect- 
ful supervision of their working ; but they will reduce to a 
minimum the risk of b age in such untoward circum- 
stances. If any ojection be taken on the score of extra 
size, the enterprise which a quarter of a century ago en- 
in the making of the unusually large shafts necessary 
or the Great Eastern may still be trusted to meet the 
advancing requirements of the present day. 


























































THE WESTINGHOUSE BRAKE. 

Tue following report was prepared by Mr. Harrison, 
the ineer of the North-Eastern Railway Company, 
for the information of the directors of that company, and 
has been just printed by the Board of Trade. 


To the Directors of the North-Eastern Railway 


Company. 
Neweastle-on-Tyne, April 24, 1879. 

Gentlemen,—In the early part of 1878, I explained to 
you my views as to the different continuous brakes then 
in use, and recommended you to adopt the Westinghouse 
automatic ba voce brake as the brake of your system, a 
recommendation which you afterwards adopted, subject to 
the necessary user of Smith’s vacuum brake for the through 
Scotch traffic, run in connexion with the Great Northern 
eats so long as that company continued to use that 
system. 

Since then I have continued to give constant attention 
to the subject, and have had immediate reports made to 
me of every incident that has occurred in the practical use 
of this brake, with a view to see what weak points there 
were in it, and to consider the remedy to be adopted. 

I may state at once that these investigations have con- 
firmed more seeugy than ever the opinion I then gave you 
in favour of the Westinghouse automatic brake, for though 
in its principle no alterations have been made, or found 
necessary, many small and simple modifications have been 
made in details, which have greatly added to the uniformity 
and certainty of its action. 

I did not at the time you decided on ony ing this brake, 
press on you its immediate application to the whole of your 
trains, but only to some of your fast trains, to which it 
was of importance, as I was anxious to watch all defects, 
and have the necessary remedy supplied ; and I may state 
that as they have from time time been pointed out to 
Mr. Westinghouse, he has in every case, if he had not anti- 
cipated the suggestions, been able without difficulty to 
supply a complete remedy. 

_ Lhe Westinghouse automatic brake continues still in use 

in America, and has eeren itself to be well suited to that 

i traffic, and has required little or no modification, 

ut when applied to railways in England, the circum- 

stances were so different that many alterations were neces- 
sary in the details. 

: ing at the continuous brake system asa novel inven- 
tion, whether vacuum or pressure, it must be see de 
one acquainted with such inventions, that perfection coul 
not be expected at once, and the Westinghouse automatic 
system has been no exception to this rule, and I purpose 
briefly to call your attention to some of the most baperme 
modik ications which have been introduced by Mr. Westing- 
rake trials at Newark in 1874, some of 


house since the b 
t I will particularly 


these my | of a recent date. 
Triple Valve.—As the most i 
valve’ which has been 


made a regular bugbear by the opponents of the system, 
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and has been called complicated, delicate, and liable to 
out of order, &c. The original “‘ triple valve’’ used at the 


* Newark riments,’’ a drawing of which I have now 
before me, three distinct valves, and hence its 
name ‘‘ —_ valve,’’ and it might, in its original construc- 
tion, have to some extent deserved the term complicated, 


but the valve, as altered shortly after the Newark trials, 
and as now constructed, differs so entirely from the ori- 
ginal valve, that although I think it desirable to continue 
the term ‘“‘triple valve,” its present construction would 
not have suggested or justified that term ; it is, in fact, as 
simple a piece of mechanism as well can be imagined, cer- 
tain in its action, of durable materials, easily aecessible to 
an ordinary workman for examination or cleaning, and 
there is nothing about it that can justify the term com- 
plication ; on the contrary it is a model of ingenuity and 
simplicity. 

Leakage Valve.—In order to prevent the possibility of 
the brakes going on by a leakage a the reservoir on the 
carriage to the brake cylinder, Mr. Westinghouse intro- 
duced a ‘‘ ar ay valve’ between the triple valve and the 
brake cylinder, but this has since been done away with by 
the simple expedient of cutting a short groove at the inner 
end of the brake cylinder so as to allow an escape of air 
under the piston when in a state of rest. 

Hose Couplings.—A great improvement has been made 
in the couplings of the carriages. There used to be a cock 
at each end of each carriage, and before removing a car- 
riage from a train it was necessary to turn four cocks to 
completely shut off communication, and cases have occu 
where, from carelessness, a cock has not been reopened, 
and thus the air-pressure was shut off from the hinder 

rtion of the train. To meet this, Mr. Westinghouse 

as introduced valves into the couplings, and the mere act 
of disconnecting closes the valves and retains the air, and 
the act of reuniting the couplings opens the valves and 
makes again a free passage for the air through the main 
pipes. By this arrangement two cocks on each iage are 
dispensed with, and the leakage valve being superseded as 
above mentioned, there only now remains on each carri 
two jin. cocks of the simplest construction, one to 
used when it may be necessary to shut off the brake action 
on any particular ee the other in the same case to 
let the air out of the brake cylinder. 

The Driver’s Brake Vulve.—The driver’s brake valve 
gives the engineman the means of applying the brake with 
any degree of power, and retains in the main reservoir a 
pressure equal to 20 lb. per square inch above the ordinary 
pressure in the brake pipes, and this extra pressure is at 
the command of the driver at any time, and enables him 
more rapidly to release the brake blocks and recharge the 
main pipes and the carriage reservoirs. 

Automatic Regulation for Donkey Pump.—Another 
important point is the introduction, on the donkey engine, 
of an automatic regulator for the donkey pump, which has 
a connexion with the main pipes, and is so adjusted that 
whenever the pressure in the main pipes falls below a fixed 
standard, which may be varied to any extent to suit the 
nature and circumstances of the train, the donkey engine 
is set to work, and this will insure a sufficiently constant 
uniformity of pressure in the main pipes, a point of very 
great importance. 

There are other minor improvements, such as welding 
all the reservoirs instead of rivetting them, but they are not 
of sufficient importance to demand separate notice. 

It may here be remarked that there is no difficulty in 
arranging an automatic pressure brake to act without 
valves, but all such brakes must of necessity have the one 
inherent and fatal disadvantgge of slow action ; and when 
rapidity of application of the brakes is measured by one, 
two, or three seconds in time, representing in some cases 
30 to 100 yards of difference in stopping distance, the ob- 
jection is fatal. 

I have had carriages so fitted up, and tried them mixed 
up with carriages fitted with the Westinghouse brake, and 
the difference in time in applying and re —= brakes 
is so marked that they could not be worked together, though 
alone they worked quite well. 

I have, therefore, arrived at the conclusion that no 
pressure brake, which has not a valve which will produce 
the same effect as the Westinghouse triple valve, can be 
used as a general brake, and it will be found very difficult 
to find anything more simple and reliable in its action than 
that valve as now constracted. 

It is hardly necessary for me to repeat to you what I 

have frequently said, viz., that I entirely ee with the 
Board of Trade in the conditions they have laid down as 
being necessary to constitute a good continuous brake, all 
of which the Westinghouse brake complies with. 
_ Lhave heard it constantly stated that the vacuum brake 
is cheaper than the Westinghouse brake, both in first cost 
and to maintain. I have lately had the brake gear of a 
similar carriage fitted with the vacuum and Westinghouse 
brakes as now in use on your railway, taken to pieces and 
accurately weighed, and also a complete set of each made 
in the shops, and taking into a + the t paid in 
each case to the —e patentees for what they supply, 
the first cost is decidedly in favour of the Westinghouse, 
and the weight of wrought and cast iron necessary for the 
brake gear is 10 ewt. per carriage heavier in the case of 
the vaeuum than in the Westinghouse. 

Should it be decided to adopt a vacuum automatic brake 
there must be some considerable additions both to the first 
cost and main ce. 

As to the annual cost of maintenance, there being no 
strictly so-called perishable material in the Westinghouse 
brake, except the couplings, which are common to both 
oe whereas in the vacuum brake the sacks must 
always be liable to great wear and tear from their perish- 
able nature, and the fact of the larger amount of brake 





gear in the vacuum brake to be maintained, I have no doubt 
that the Westinghouse brake will be more cheaply main- 
tained than the vacuum, and all the information t 
confirms this view. 


have got 








I have thought it desirable to lay this report before you, 
having taken the responsibility of recommending you to 
adopt the Westinghouse automatic brake as the brake of 
your system, and every day’s experience further confirms 
my views, and I am confident that there is no brake which 

beat it in stopping power, in economy of first cost and 
maintenance, or in certainty of action. 
I remain, &c., 
(Signed) Tuos. E. HARRISON. 

The Directors of the North-Eastern 

Railway Company. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 


Glasgow Pig-[ron Market.—Last Thursday’s pig-iron 
warrant market opened dull at $d. per ton less than at the 
previous day’s close, but a steady improvement set in, and 


the close was 2d. over that of the previous day. There 
were transactions during the forenoon at 41s. 0}d. to 
41s. 24d. cash, and at 41s. 2d. to 41s. 44d-one month, 
closing buyers 41s. 2d. and 41s. 4d. cash and one month 
respectively, and sellers ld. per ton dearer. In the after- 
noon the quotations were. 41s. 24d. to 41s. 3d. cash, and 
41s. 5d. to 41s. 54d. one month, and at the close there were 
buyers at 41s. 3d. cash and 41s. 5d. one month, and sellers 
asking 1d. per ton more. On the following morning the 
warrant market opened very strong, and prices mounted u 
a and closed at an advance of 8d. on the day mat 
1s. 3$d. over the previous week's final quotation. Business 
was done in the forenoon at from 41s. 7d. to 41s. 11d. cash, 
and from 41s. 9d. to 42s. 1d. one month, closing with 
buyers at 41s. 10d. cash and 42s. 1d. one month, and sellers 
near. There was no market in the afternoon. Monday’s 
market opened firm, and an advance of 5d. was at one time 
paid; a reaction, however, set in, and all that advance, 
together with 1d. more, was lost. Iron changed hands 
during the forenoon at from 42s. to 42s. 4d., and subse- 
quently down to 41s. 104d. cash, and at 42s. 1d., 42s. 3d., 
and 42s. one month, sellers at the close asking 41s. 9d. cash 
and 42s. one month, and buyers oo 1}d. per ton less. 
The afternoon quotations were 41s. 10}d. and 41s. 10d. 
cash, and the market closed with buyers at 41s. 10d. cash 
and 42s. one month, and sellers asking 1d. more per ton. 
The warrant market opened yesterday at Monday’s closing 
price, and then improved 2d. ne ton, which sum, however, 
was lost towards the close. usiness was done during the 
forenoon at 41s. 10d. to 42s. cash, and at 42s. to 42s. 2d. 
one month, closing with sellers at 42s. cash and 42s. 2d. one 
month, and buyers 1d. down. In the afternoon 41s. 11d. 
to 41s. 10d. cash and 42s. one month were accepted. At 
the close of the market there were buyers at 41s. 10d. cash 
and 42s. one month, and sellers near. The market was 
steady this forenoon, when business was done at 41s. 9d. to 
41s. 10}d. cash, also at 42s. and 42s. 1d. one month, closing 
rather buyers at the higher quotation, and sellers asking a 
shade more. There was also a steady market in the after- 
noon—buyers at 41s. 10}d. cash, and sellers asking 1d. more 
per ton. The firmness and high prices prevailing at the 
close of last week, and which were due partly to speculation 
and partly to reports of ara in trade in America, 
have not been continued this week; but there is a = 
general ae that the worst has really been past, an 
that there will soon be evidences of improvement in this 
country. Last week’s shipments of pig iron from all 
Scotch ports amounted to 7504 tons as against 5993 tons 
in the corresponding week of last year. Iron is still bei 
sent into store, and the total stock with Messrs. Con 
and Co. tp till last ym night was 290,323 tons, showing 
an increase for the wee 1778 tons. The number of 
blast furnaces in actual operation still remains at 90, as 
compared with 96 at the same time last year. 


The Board of Tradeand the Forth Bridge.—The Board 
of Trade has just issued its formal sanction of the proposed 
works of the Forth Bridge, subject to the following con- 
ditions: 1. That the said bridge be completed within the 
time specified in Section 5 of the Forth Bridge Railway 
Act, 1876, or within the time specified in any future Act of 
Parliament the company may obtain. If, before the ex- 
piration ‘of such time the bridge be not completed, this 
assent shall, unless renewed, be void and of no effect. 2. 
That no temporary works in connexion with the said bridge 
across the Forth shall be commenced below high-water 
mark by the company without the consent of the Board of 
Trade in writing, and then only according to such plans, 
andin accordance with such restrictions and regulations as 
the Board of Trade may require. 3. That both of the 
two navigable channels of the Forth, viz., the channel to 
the north and the channel to the south of the island of 
Inch Garvie shall not be closed or interfered with at the 
same time. 4. That three months before commencing any 
portion of the suspension part of the bridge, i.e., the por- 
tions between the piers and over the na channels, 
the company shall give to the Board of Trade, and to the 
Commissioners of Northern Lighthouses, three months’ 
notice in writing of their intention to commence the said 
works or any temporary works in connexion therewith. 5. 
That the company shall, during the whole time of con- 
structing the said bridge, exhibit such signals, and keep 
burning from sunset to sunrise such lights, if any, as the 
Board of Trade shall from time to time require. It may be 
remarked that as the result St inguiry held in Edin- 
burgh last year, the Board fixed the height of the two great 
central wong of the bridge at 159 ft. above high water 
spring " 


Tenders.—At a meeting of the directors of 


Forth Bri 
ge d in Edinburgh last 


the Forth Bridge Railway Company, 
Wednesday afternoon, the ; : 
of the Forth Bridge undertaking received from the different 
firms whose estimates had been invited were opened and 
examined. In view, however, of the necessity for prelimi- 
nary inquiries in connexion with the different contracts, 


for the different sections | well, 





md, 29 wpm i egy pe mine te 
® even comp satisfactory arrange- 
ments with suitable contractors, it is intended to take imme- 


diate steps to raise the capital, with the view to 
vigorous prosecution of the woolen. mt is agony ler- 
stood that the only firm in Scotland a ) whole 
of Messrs. William Arrol and Co., Glasgow, the firm that 
built the new bridge over the Clyde ing to the Cale- 
donian Central Station, Gordon-street, Glasgow. 


The Coal Trade.—During the past week there has been 
a good deal of excitement in the Glasgow coal market 
consequent on the movement amongst the miners in seve 

istricts to restrict their “‘darg”’ or — output, thereby 

bringing the supply into keeping with 
account partly of the willi of certain of coal- 
masters to submit to the tactics of the miners. Already the 
price has in a number of instances been advanced from 3d. 
to 6d. per ton, and in one or two cases even 9d. oe 
of advance has been gained. The natural effect is, that in 
some mining districts, including Hamilton, Larkhall, and 
Wishaw, a number of the miners had got an advance of 
6q. per on the rate of wages. . There are, however, one 
or two cases of miners being on strike against a threatened 
reduction of wages. The agitation now engaged in by the 
miners extends not only to most of the mining districts of 
Lanarkshire, but also to the adjoining counties of Renfrew, 
Ayr, Dumbarton, and Stirling. 

The Shipbuilding Trade,—There are reports this week 
of several new shipbuilding contracts having been booked 
by Clyde firms, and of others being under consideration. 








NOTES FROM THE SOUTH-WEST. 

Improvements at Swansea.—The Swansea Town Council 
met especially on Wednesday to execute a mo: for 
the repayment of a loan of 15,0001. from the Public Works 
Loan Commissioners, in connexion with an improvement 
scheme to be carried out under the provisions of the Ar- 
tisans’ Dwellings Act of 1875, The total cost of the entire 
scheme is estimated at 91,5641. 


Milford Docks.—On Friday Mr. E. J. Reed, M.P., pre- 
sided at the half-yearly meeting of the Milford Docks 
Company, and made an interesting statement with regard 
to the position of the company and the progress of the new 
docks, which are to be completed within the specified time 
of contract—the 1st of March next. In the report which 
was adopted, it was proposed to make an issue of pre- 
ference capital up to a certain amount for the purchase of 
the graving dock, warehouses, &c. 


The Tin-plate Workers.—A meeting of the Scegine 
from South Wales, Monmouthshire, Gloucestershire, Wor- 
cestershire, and Staffordshire tin-plate workers was held 
at Swansea, on Saturday, when it was resolved to resist 
the reduction of wages determined upon by the masters, 
which in some instances amounts 20 percent. It was 
also agreed to ask the masters to restrict the make, so 
that each mill working 12 hours shall only do 36 boxes per 
turn, and 30 boxes for eight hours. 

The Severn Bridge.—On Thursday the last big span of 
the Severn Bridge was lowered to its final » and 
the removal of the scaffolding will be proceeded with, with 
all practicable ng As several applications have been re- 
ceived to visit the bridge, it has been arra: that it shall 
be open to the public on Mondays, from August 11th to 
September 15th. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Exodus of Workmen.—Last week it was noted that large 
numbers of engineers tempted by —. from American 
firms were leaving the country. e now find that the 
cutlers and other workpeople of Hallamshire are following 
the example thus set them. sear, 22 families numbering 
102 persons, all outlers from Sheffield, recently in the em- 
om ino of Mr. Benjamin Eyre, have gone to Bridgwort, 

mnecticut, U.S., and there is a movement in the town 
for sending out large numbers more. The question is a 
serious one, for though at present there is surplus labour 
in the old staple trades of the district, these emigrants will 
in the future be competitors with those at home. 


The Duration of Tramways.—When the Sheffield tram- 
ways to Altercliffe and Brightside were laid only a few 
years ago, in Mount Sorrel sets, it was stated officially 
that with few repairs they would last for thirty years. 
Now, however, the borough surveyor states that they are 
in many p us to carriage traffic. The wrought- 
iron rails are more or less the worse for wear, but the 
chief defect is in the mode of fastening, which is by vertical 
spikes driven through a slightly countersunk hole in the 
groove of the rail into a wooden plug fixed in the top of 
the cast-iron chairs. The heads of the spikes get worn 
by the traffic and fail to answer their purpose. Wherever 
the foundation is not sound and hard, every heavily laden 
vehicle passing along the rail causes it to act as a lever, 
and springs the fastenings out entirely, The play of the 

il is very ing to the permanent way. ‘The granite 
sets on these routes{haye been laid on a bed of engine ashes 
and oa awa with ground mortar, but the water having per- 
mea to the foundations has caused unevenness in the 
roadway. The remedy proposed is the relaying of the 


of | rails on another foundation set in | aga lime concrete, 


the sets to be grouted with pitch or 
Opening of the Ilkestone and Bulwell Railway.—The 
new railway from the Junction, Iikestone to Bul- 
has been opened for luggage and mineral traffic. The 
line, about six miles in a a joins the Nottingham and 
Mansfield Rai well, and the Erewash Valley 
most costly and formidable ob- 
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a long tunnel ee < the Lawn Hills. The new railway has a 
and i it with 


number of side lines 

collieries, breweries, iron works, &c., and presents in- 
creased facilities for the transmission of goods. It is ex- 
aga the line will shortly be open for passenger trafiic. 


a Water at Retford.—The town authorities at 
Retford ven instractions that new boring operations 
for water ihe d be commenced on the west side of the 
town, where it is hoped the red sandstone may 
2 the bor! without encountering Ppt J strata of gypsum. 

e boring satisfactory the Corporation is to ac- 
quire the land at 3000. an acre. 


FOREIGN AND COLONIAL NOTES. 
M. Beral.—Among the members of the new French 
Council ‘<ahlin plawatams, tee = Béral, a civil 
a an who was for some year: 
-known as director of the department 
of bridges and roads eae et chausées) in the Sane 
Ministry of Public W: after the outbreak of 
inted prefect of his 1 ras hr department the Tat, tor f 
3 native e t, for 
wich he was returned as deputy t0 the chamber at last 
anual 

Danish a —The King of Denmark has just 
opened an tone link in tae Danish railway systems, 
viz., & idge across the Lymfiord close to the Jutland 
Town of oe — direct communication is now 
established right through Jutland to the northernmost 
town of Fredrikshaven and with the continental lines. At 
Fredrikshaven is in daily communication, by means of 

steamers, with Gothenburg travellers are now able to 
reach Sweden and Norway without nae te pass through 
The construction of this bridge, which is 
was entrusted to the Fives Lille 
carried ng 


ches cor 





Rye and not a 
the five years which have 
The cost to the Danish 


at 9,000,000 dols. This compan completed their shipments 
several months since. The value of the two contracts ag- 

ted over 21,000,000 dols., and they are believed to be 
the largest of their kind ever made by any Government. In 
February, 1874, the first shipment was made in the brig 
Gloria. This was followed from time to time by twenty- 
nine cargoes in steamers and sailing vessels. Sixteen 
cargoes went by steamers and thirteen by sailing vessels. 
Two of the lernarend three of the latter took shi ts in 
1874, five sailing vessels took — in 1875, and three of 
each class of vessels sailed for nstantinople loaded with 
arms and ammunition in 1876. Owing to the exigencies of 
the Turco-Russian war in 1877 eight were carried 


out in steam vessels in that year. - 1878, t were 
— for the same destination, but ~~ in hes John 

Bramhall was lost on Little Gull Island 
Sound. The most valuable cargo was feunvaal in the 


Lotus, in Jan , 1877, the insurance on the shipment 
having been ‘on an ‘appraisal of 1, ~~ 000 dols. The 
other cargoes averaged 750,000 dols. each 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market. — Yesterday there was a 





good attendance on ’Change at Middlesbrough, and the 
tone of the market was rather better. Pig iron makers 
quoted No 3 Cleveland at 34s. per =. but merchants 
offered that quality for less, and indeed large parcels could 
have been bought at 33s. 6d. and 33s. 3d. per ton. Messrs. 
Connal and Co., the warrant storekeepers, held yesterday 

a stock of 81 950 tons. They are receiving very little iron 
a now. In Glas gow they have a stock amounting to 
900 tons. Shipments are rather better. 


The Finished Iron Trade.—Employers complain that 
this branch of industry continues in a most depressed 
condition. seo say that the men will have to accept the 
proposed reduction of wages or they will be obliged to close 
some of their works. On the other hand it is hoped that 
— of the iron rails required for eon will be placed 

h Cleveland firms, that the iron rail trade, almost 
| end will be reinstated. Several works in the north 


remain closed for want of orders. 

Engineers and Shipbuilders.—In general en 
thous ti is a fair amount of work in ay bat difhkenity 
— vetition in all’ beasghoe Shipbuilders find it 

com in Pp it no eas 
matter to Ge ‘Uptubelen cached ‘tay. an peeeuk 





launebes on Tees and Tyne: 


orders. There is the keenest, 
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plentiful and cheap. Steam coal for exportation is in 
rather better demand, and nuts are more in request, but 
coal for manufacturing purposes is not urgently required, 
and until there is more votivity i in the iron trade there will 
rate alteration of any moment in this branch of the fael 
trade. 





Tue Late M. Caartes CoucHe.—The Corps of Mines 
in France have recently sustained a considerable loss in 
the death of M. Charles Couche, Inspector-General, Pro- 
fessor of the School of Mines since 1848, President of the 
Committee of Technical Working of Railways, and Presi- 
dent of the ~ Jury for Railways at the Paris 
Exhibition last year. Couche was the author of a 
large standard work on os and which has already 
been translated into several lan: . He was a man of 

t force of character, and all who knew him recognised 
~ he possessed the higher order of talent, but without 
ambition. 





Tue Lonpon Warsr Supprty.—On the 6th inst. o 
meeting was ws in Exeter Hall, ostensibly on the part of 
working men, to take into consideration the present state 
of the London water supply, gener in the poorer districts. 


Mr. Thomson Hankey, resided. mong the speakers 
were the Bishop of ee ardinal » Dr. Lyon 
Playfair, M.P., &c., all of whom strong] "the neces- 


sity of a constant supply, and that this s ity be placed by 
Government in the hand of a sole authority, in place of the 
division now existing between the various companies supply- 
ing the metropolis. Resolutions were passed unanimously on 
these questions. An interesting feature of the meeting 
was found in the addresses of some working men who 
described the state of matters within their own personal 
knowledge. The Bishop of London especially urged the 
moral aspects of the cases from his own experience 
——< a period of about forty years. hs ardinal 
anning, whose extensive experience amo @ poor 
classes gave great weight, expressed similar p Pes Mr. 
Faweett's 8 moti wifes t ey bs roy hace in 
a se article. “On Sat t the Water Expenses 
Indemnity Bill was ove was Phy oe to provide 
for the ent out of the rates of the expenses which the 
Metropolitan Board of Baie had incurred in bringing 
Bills before Parliament for the purchase of the existing 
stated that the 
matter, as 
the 
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ON THE APPLICATION OF THE SPEC- 
TROSCOPE TO THE ANALYSIS OF 
IRON AND STEEL.—No. ITI. 

By Joun Parry, F.C.S,, and ALEx. E. Tucker, F.0.S- 
1. WE now give the principal characteristic lines 

of nine other elements, viz., Antimony, Arsenic, 

Bismuth, Cobalt, Gold, Silver, Strontium, Tin, and 

Uranium. ‘The chlorides of these metals were pre- 

pared when possible from the metals themselves. 

These nine render the list somewhat complete as 

regards such metals as may fairly be looked for. It 

has not been thought necessary to show any but the 
characteristic lines, 

The following five spectra are those referred to in 
our last article*: 1. Chromium steel; 2. Tool steel ; 
3. Bessemer steel; 4. Assay button from Porman 
ore ; 5. Swedish wire used in standardising assay 
solutions. Here also, in order to render the matter 
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clearer, those lines only are shown in which dif- 
ferences occur, all other lines appearing common to 
the spectra. These differences are sufficiently 
marked to be easily seen, and, since we have found 
them constant, they render the spectra characteristic. 
We therefore obtain the result: That some varieties 
of steel may be recognised by the aid of the spectro- 
scope. The differences in the spectra are detailed 
as follows: Chromium steel shows the chromium 
lines, and seems deficient in manganese. ‘Tool steel 
seems to contain more calcium and Swedish wire 
less calcium than the others. Bessemer steel shows 
the aluminium lines at 4.5 and 6.5. Porman iron 
exhibits two lines about 7.7, which are fainter than 
those of other steels, and the manganese stands out 
prominently. 

The statement of Dr. Miller that the spectrograph 
of a substance is a constant not less important than 
its specific gravity or fusing point, is thus applicable 
to iron and steel and iron ores. We have no doubt 
that the systematic comparison of steel spectrographs 
of unknown composition with standard spectrographs 
must eventually be of considerable utility, and the 
importance of the above result will, we think, be 
recognised by those interested in the obscure dif- 
ferences of irons and steels which otherwise may 
show similar chemical composition. We again ex- 
press our regret that it has not been possible to repro- 
duce the original photographs, for it is at best un- 
satisfactory to represent the position of these lines 

* See ENGINEERING, vol. xxvii., page 429. 











by hand work, and it is certainly next to impos- 
sible to represent their exact differences of inten- 
sity. On examining these original spectra with a 
magnifier there can be no doubt that the differences 
would be more numerous and more marked were 
a higher power than one prism used in the spectro- 
scope. 

Lockyer states that even when the percentage 
of a constituent in an alloy is so small that none of 
its lines can be recognised, there yet seems to be 
an effect on the lines of the other constituent of 
which the alloy is chiefly composed ; the lines also 
vary in length, in thickness, and brightness as the 
percentage of one or other constituent in the alloy 
varies.* 

2. Three principal methods for the separation of 
iron from the looked-for bodies have been tried. 
In each case the supposition kept in view was that 
the physical influence of mass prevented the separa- 


12 15 


tion ; our efforts were, therefore, directed to avoid- 
ing or lessening this influence. 

a. We have tried that given by Hannay (Journal 
of the Chemical Society, June, 1878). When a 
solution of manganous salt in strong nitric acid is 
warmed with addition of crystals of potassic chlorate, 
the whole of the Mn is gr, sae as manganous 


manganate. When a salt of iron is present the Mn 
is still precipitated, but in combination with the iron 
as double manganate of iron and manganese; no 
other metals are precipitated. 

To test this method we added a few drops of a 
solution containing calcium, cobalt, copper, cadmium, 
and zinc to another of Bessemer steel, and in the 
solution eventually obtained we found all five ele- 
ments. The process is, however, difficult when 
considerable quantities of steel are operated upon. 

6. We treated the gently dried impure perchloride 
of iron obtained on evaporating the hydrochloric 
acid solution of a Bessemer steel to dryness with 
sulphide of ammonium, the sulphides of tin, anti- 
mony, and arsenic being soluble therein, we hoped 
by this method to obtain evidence as to the presence 
of these bodies; the results were of a negative 

* In gold copper alloy an increase of 1000 part of gold 
alters the lines, silyer copper ‘alloy by increasing either 
the copper or the silver a corresponding alteration in the 
lines is produced ; after registering these facts the pheno- 
mena may be explained by assuming in fact that alloys 
differing, say, by 1000 part, are physically different things, 
and it is probable the spark acts on the alloy as a whole as 
well as upon each vapour separately. 











character, the solution, however, on examination 
showed distinct indications of either arsenic or 
antimony, in our opinion the latter. 

c. Positive results have been obtained in the 
following experiment: About 300 grains of Bessemer 
steel were dissolved in aqua regia, the solution 
evaporated to dryness over a parafline bath, much 
perchloride was reduced to peroxide. The residue 
was heated more strongly over a Bunsen lamp, and 
the sublimate collected on a porcelain plate. The 
residue and sublimate were mixed and treated, with 
(a) water and long boiled.and filtered, (4) ammonia 
and long boiled and filtered, (c) acetic acid and long 
boiled and filtered. The three solutions contained 
much iron, chiefly, from deficiency at first of nitric 
acid, in the state of protoxide. The solutions were 
therefore separately oxidised with nitric acid, and 
the iron partially separated in a very acetous solu- 
tion in a and }; c was boiled for a long time, and its 


DIAGRAM 2 


















iron thus also partially removed, When the iron had 
been wholly removed by second precipitation in the 
three solutions separately, they were mixed and the 
resulting liquid filtered and treated with much nitric 
acid to decompose ammoniacal salts, The solution was 
now a fine olive green colour, which lightened in tint 
on continuing the decomposition, the nitric acid was 
replaced by hydrochloric acid, solution again well 
boiled, and then photographed, From the first 
photograph taken it was evidently advisable to 
eliminate the manganese. This was accordingly 
done, and the —— of manganese and the 
filtrate examined separately. From these solutions 
= showing the lines given in spectra 1] and 1% 

ave been taken, and we have succeeded in recog- 
nising in them the elements aluminium, arsenic, 
calcium, copper, nickel, and zinc, The coincidences 
may be seen from Diagram | (page 429, vol. xxvii.). 
The negatives show other lines, which at present 
we have not been able to recognise. 

A few remarks on the influence of the above 
metals may be of service. Aluminium, according to 
Deville, unites in all proportions with iron. Fara- 
day found from .01 to .06 per cent. of aluminium 
in Wootz steel. In consequence, the excellent 
qualities of Wootz were ascribed to its presence, 
and attempts made to produce aluminium steel. 
Analyses, however, by Rammelsberg and others 
showed that the metal produced contained only 
traces of aluminium. From 0.5 to 1 per cent. has 
been found in English, 0.75 in Swedish, and 0.77 in 
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Siegerland pig. Karsten while questioning the 
habitual reduction of alumina in ordinary blast fur- 
naces, expresses his opinion that in the event of its 
alloying with iron, it must very considerably lessen 
the toughness (Festigkeit) of the latter, since very 
cold short (faulbriichigen) merchant bar invariably 
shows the most aluminium.* 

Arsenic has been frequently recognised in iron 
and steel, and has been alloyed as high as 70 per 
cent. Analyses of some cannon balls from Sinope 
showed 16 per cent. arsenic, others, bombs and shot, 
showed 9 and 27 per cent. respectively, and were 
supposed to have been cast in Spain, their age was 
not known. As cast iron they were quite worthless. 

Calcium.— Karsten found 0.17 per cent. of calcium 
in an iron which, although neither red nor cold 
short, refused to weld. ‘This iron had been puddled 
with limestone. The general opinion is, we think, 
that limestone used in fettling renders iron red 
short ; this result, however, cannot determine the 
influence of calcium on iron as an alloy, it existing 
here perhaps mechanically mixed; 1.5 per cent. of 
calcium has been estimated in Swedish pig, .25 per 
cent. in Kénighutte pig, and .09 per cent, in Miisen 
spiegel, 

Copper.—The general opinion is that copper 
renders iron red short. Eggertz states that steel 
made from pig containing 0.5 per cent. copper Is 
worthless, ‘The effect of copper on the metal seems 
largely influenced by the presence of other elements. 

Nickel.—Berthier remarks that iron and nickel 
alloy in all proportions, and that the alloys have 
the same character as pure iron, 

Zine.—Zine alloys variously with iron, no very 
satisfactory accounts are given of its influence; it 
seems to render iron brittle and crystalline when in 
quantity. : 

We now propose to leave for the present this 
branch of our subject, and to apply the spectroscope 
to the question of gases occluded in iron and steel. It 
is freely admitted that hydrogen is a metal, and is 
invariably present in iron, but although, according to 
Van ‘Troost, Miiller, Parry, and others, both steel 
and spiegel often contain weighable quantities, it is 
never or seldom referred to in the best analyses of 
these metals. 

We have found it difficult to identify sulphur and 

hosphorus in the hydrochloric acid solutions, A 
better method is to pass the spark through the 
impure gas evolved on treating steel, &c., with 
sulphuric acid, By so doing we have obtained very 
beautiful spectra which on comparing with spectra 
of sulphuretted and phosphuretted hydrogen show 
eclashlant lines with the latter, together with as 
yet unknown lines. 

In conclusion, therefore, we claim to have shown 
in these papers: 1. That differences in iron and steel 
may be shown by the spectroscope, the nature of 
which differences renders them very significant. 2. 
That the presence of bodies may be shown whose 
detection would otherwise require very considerable 
skill on the part of the analyst. In short, that from 
the small amount of time and skill which its use 
involves, the spectroscope should become a vade 
mecum of every iron works laboratory.} 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

WE now append some further uotices of works 
visited by the members of the Institution of 
Mechanical Engineers during ‘heir recent meeting 
at Glasgow, the demands upon our space last week 
having compelled us to defer these notices until our 
present issue, 


Tue Crown Iron Works, GLAsGow; MEssrs. 
THomson, STERNE, AND Co, 

The Crown Iron Works of Messrs. Thomson, 
Sterne, and Co. were amongst the most interesting 
of the establishments thrown open to members of 
the Institution of Mechanical Engiveers during the 
recent Glasgow meeting. The chief productions of 
the firm are, as is well known, emery wheels and 
grinding machines in which emery wheels are used, 
and helical spriogs of various kinds ; to these they 








* “Die Metallurgie,”’ von J. Percy, F.R.S, iibertragen 
u. bearb, von Drn. Knapp u. Wedding, 1865. 

+ We have prepared carbon points from loaf sugar as 
suggested by us in our last paper. The sugar is carbonised 
in a clean and p porcelain crucible, the coke thus made 
is powdered and damped with weak syrup and pressed, 
the mass is then coked and sawn into suitable pieces. 
These carbon points leave no perceptible ash on ignition. 
We consider that when pure carbon is required this 
method of preparing it is excellent. 








have more recently added the construction of hydro- 
carbon and gas engines. An important department 
is also devoted to nickel-plating. The works are 
situated on the North Woodside-road, Glasgow, and 
they are especially noticeable for their good design 
and arrangement, and for the neatness and com- 
pleteness of their equipment. 

The manufacture of emery wheels is carried on in 
the basement story of the main block of buildings. 
The class of wheel made by the firm is the well- 
known ‘‘ Warne” wheel, and the processes of 
manufacture are interesting. The first process con- 
sists in mixing in a suitable machine by means of 
powerful rollers, the materials which form the body 
of the wheel and give it its coherence, this material 
consisting chiefly of india-rubber having fibrous 
matter embodied in it, Next the materials so mixed 
are passed on to a second machine of a similar 
character in which the emery is added, the fineness 
or coarseness of the emery of course depending 
upon the purpose for which the particular wheels in 
process of manufacture are to be used. Certain 
chemicals are also introduced at this stage. The 
material as it leaves the machine just mentioned is 
in the form of a very stiff paste, and the next step 
is to reduce it toa slab of the required thickness, 
This is done by passing it backwards and forwards 
between rollers, the material during the rolling 
process being supported by a web of cloth which 
receives it on either side as it is delivered from the 
rolls, From the slabs thus produced the discs or 
‘* wheels” are cut out by hand, the slabs resting on 
a steam-heated table during the cutting process. 
The discs thus obtained are next placed in moulds 
and subjected to very severe pressure in a hy- 
draulic press, the discs being placed in the moulds 
in pairs. 

At this stage the wheels possess a considerable 
degree of firmness and tenacity, but they are still 
wanting in hardness, and this is given by the process 
of “curing,” which consists in subjecting them to 
the combined action of heat and pressure for a 
number of hours. To effect the curing the emery 
wheels are placed in iron wagons and run into strong 
cylindrical vessels each having one end readily 
removable, these vessels, in fact, being very similar 
to those employed for Burnettising timber. In these 
vessels the wheels are subjected to the action of 
steam at about 45 lb. pressure for a number of hours, 
the period depending upon the size or thickness of 
the wheels. ‘To enable the process to be carried out 
satisfactorily the wheels are classified, so that the 
charge of each curing cylinder consists of wheels 
which are as nearly alike as possible. An important 
point in the curing is that the steam pressure should 
be kept exactly at the point desired, and to insure 
this each vessel is fitted with one of Hanson’s 
mercurial reducing valves which is exceedingly 
sensitive in its action. In the adjoining foreman’s 
office, also, is placed one of Bailey’s pressure 
recorders, by which a diagram is drawn affording 
a constant record of the pressure in each vessel. 

The various machines of which we have just been 
speaking are driven by a large pair of non-condens- 
ing engines, which also give motion to machine tools 
in the floors above. 

The plant required for the production of emery 
wheels by the process used by Messrs. Thomson, 
Sterne, and Co., is of a massive character, and re- 
quires very considerable power to drive it, but, on 
the other hand, it has great powers of production, 
and turns out wheels of a most trustworthy kind, 
It will be unnecessary that we should enter here into 
any discussion of the merits of emery wheels, but 
we may allude in passing to the enurmous variety of 
wheels which Messrs. Thomson, Sterne, and Co. pro- 
duce, these varying from the small, apparently deli- 
cate, wheels required for some classes of finishing 
work to the heavy slabs suitable for trimming cast- 
ings and rough work generally. 

The plant for the production of the emery wheels 
occupies, as we have said, the basement of the main 
block of building; the floor above is devoted to 
machine tools employed in the production of the 
various grinding machines in which emery wheels 
are used, and also in the construction of gas engines. 
All who are familiar with the emery grinders made 
by Messrs. Thomson, Sterne, and Co., well know 
that one of their distinctive features is the neat de- 
sign of the frames or bedplates. These frames are 
machine moulded, and in the department of which 
we are now speaking some excellent samples of these 
castings were to be seen. Messrs. Thomson, Sterne, 
and Co. also fit their grinders with very long cast- 
iron bearings, the bearing bushes being turned 


externally to fit correspondingly bored seats in the 
machine standards. With the very high speeds at 
which the spindles of these machines are run it is 
especially desirable that these bearings should be 
thoroughly true, and hence the plant in the depart- 
ment with which we are now dealing includes special 
means of carrying out this part of the work. 

The floor above that of which we have just been 
speaking is also partly devoted to machine tools and 
to the erection of emery grinding machinery, the 
whole of the work being thoroughly sectionised, 
while still higher is a store or show-room provided 
with shafting, so that the machines may be run and 
tested. The emery grinding machines constructed 
by Messrs, Thomson, Sterne, and Co. are, as our 
readers are aware, of a very varied kind. They in- 
clude not merely a large range of sizes of the so- 
called ‘ grinders,” but also a number of special 
machines fitted with appliances of a more or less 
automatic character, and in which emery wheels are 
used. Such, for instance, are the twist-drill grinder, 
the machine for sharpening knives of paper-cutting 
machines, the machine for finishing Kennedy’s 
spiral punch, the pulley-grinder, the wheel tooth- 
cutting machine, and several others. Altogether 
the emery grinding machinery turned out by this 
firm is distinguished by a great deal of special de- 
signing—due to Mr. Sterne and to the managing 
director of the works, Mr. Handyside—and hence 
it is of corresponding interest. 

In a still higher floor the visitors to Messrs. 
Thomson, Sterne, and Co.’s works had an op- 
portunity of seeing at work one of Mr. Clerk’s gas 
engines, and also the domestic steam motor which 
they exhibited at Kilburn. Both these engines have 
been described by us so recently that it will be un- 
necessary for us to enter into particulars of them 
here, and we need merely record, therefore, that 
they were working very satisfactorily. 

In one of the floors of the main building is the 
department set apart for nickel plating and electro- 
typing, this department including appliances for 
thoroughly cleaning the objects to be plated, as well 
as the electroplating apparatus. It is especially 
necessary to insure successful nickel plating that the 
surfaces upon which the nickel is to be deposited 
should be thoroughly clean, ard Messrs. Thomson, 
Sterne, and Co, are particularly careful upon this 
point. Amongst the appliances employed is an Ame- 
rican “‘ dolly,” consisting merely of a number of loose 
discs of cloth threaded on a boss which is made so 
that it can be readily mounted on one end of a 
spindle driven at about 2000 revolutions per minute. 
At this high speed the centrifugal force gives to the 
discs of cloth an extraordinary amount of rigidity, 
and they are thus made available for polishing—in 
the same manner as a buff-wheel—any article pressed 
against their edges. 

The electric currents required for the electro- 
deposition of the nickel are supplied by one of 
Weston’s dynamo-electric machines, this machine 
being driven by an independent engine, so that 
regularity of speed may be secured. ‘The strength 
of the current is controlled by a mercurial governor. 

We have said that the large engine in the base- 
ment of the main building drives also the machine 
tools on the floors above. Each floor is, however, 
also provided at one end with a pair of diagonal 
wall engines, having their crankshafts capable of 
being coupled direct to the shafting ; these engines 
being available in the event of a failure of the main 
engine, or one floor alone has to be worked extra 
hours. One of these wall engines also drives the 
dynamo-electric machine already mentioned. Inthe 
building with which we have been dealing euch 
floor constitutes a distinct department, with its own 
foreman, and the staircase being contained in a kind 
of tower with landings opening to each floor, there 
is no occasion for the en employed on one floor to 
traverse the other floors. A large hoist gives the 
necessary facilities for the transport of materials 
and finished work to and from the several floors. 

We must now speak of the spring department, 
which consists entirely of one-story buildings, In 
addition to plain helical springs of various kinds, 
Messrs, ‘Thomson, Sterne, and Co. are makers of 
such springs packed with compressed wool and with 
india-rubber, and special machines are provided for 
inserting these cores. For coiling the helical springs 
two different machines are employed. In the one 
used for small springs, the steel bar uniformly 
heated in a suitable furnace is seized at one end by 
a convenient holder attached to a'spindle to which 
rotary motion is subsequently given, the bar being 





thus coiled on a suitable mandrel carried by the 
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spindle, while the pitch of the helix formed is de- 
termined by a correspondingly screwed cylindrical 
guide which is mounted on a mandrel parallel to 
that on which the coiling is taking place. For a 
right-handed spring the thread cut in the guide is 
left-handed, and vice versd, the effect being that as 
the guide and the spring in course of formation re- 
volve in contact, the former constitutes a kind of 
partial nut for the latter and determines the pitch 
at which the coils are placed. In the other machine 
which is used for coiling large springs, and springs 
differing from the standard sizes, the revolving 
guide is dispensed with, the pitch of the coils being 
determined by a gauge hooked on the coiling bar. 
Messrs. Thomson, Sterne, and Co.’s arrangements for 
the manufacture of these helical springs are alto- 
gether very complete, and include many appliances 
into the details of which it is unnecessary to enter here. 
Adjoining the spring department is the japanning 
shop, where the japanning of a number of the goods 
which the firm produce is carried out. A large 
quantity of the helical springs are finished in this 
way, but others, such as those intended for marine 
safety valves, are either nickel-plated or electro- 
typed with copper. 

Besides the helical steel springs, Messrs. Thomson, 
Sterne, and Co. are also manufacturers of Mr. Sterne’s 
india-rubber springs, so largely used for buffer and 
draw-springs, the distinguishing feature of which 
is that the india-rubber rings which constitute 
them, are during the process of manufacture firmly 
secured to the steel plates which separate them. So 
firm is this union that in tests made to determine the 
soundness of the attachment, the rings have torn 
through the body of the india-rubber rather than 
part from the plates. In connexion with these 
springs we may mention that the steel discs or 
division plates for them are punched out by a 
machine fitted with a kind of spiral die acting on 
the same principle as Kennedy’s spiral punch already 
noticed in our pages, and of which the firm are 
makers, Adjoining the machine used for this work 
is the range of Lancashire boilers by which the 
various engines are supplied with steam, the equip- 
ment of these, like everything else about the works, 
being a model of neatness. 

Besides the departments of which we have already 
spoken the works include a well-equipped smithy, 
a pattern shop, and a foundry, &c. ‘There is alsoa 
small shop devoted to pulley grinding, Messrs. 
Thomson, Sterne, and Co. finishing all the belt 
pulleys for their machines by means of a grinding 
machine similar to that which they exhibited at 
Paris last year, and which we illustrated on page 
443 of our twenty-fifth volume. The machine 
does its work well and quickly. In the pattern 
shop at the time of our visit the patterns for the 
latest design of Clerk’s gas engine were in progress, 
This engine is marked by several important im- 
provements in detail as compared with that exhi- 
bited at the Kilburn show, and we shall have more 
to say about it on a future occasion. The foundry 
work done at the Crown Iron Works is excellent, a 
specialty being the [production of small castings 
which fully equal any we have seen from the other 
side of the Atlantic—and in this particular class of 
work it is impossible to give higher praise. There 
are in fact a good many Transatlantic features 
about Messrs. Thomson, Sterne, and Co.’s works, 
the firm having incorporated American and English 
mechanical engineering practices in a way that 
renders a survey of their works particularly interest- 
ing and instructive. 


Sr. Rottox Locomotive Works ; CALEDONIAN 
Raitway CoMPANY. 


The locomotive works of the Caledonian Railway 
Company were first established in Greenock in the 
year 1846, and placed under the superintendence of 
Mr. Robert Sinclair, the first engine built being one 
for passenger traffic on the Barrhead line. It was 
turned out in 1847. Nearly 100 engines of various 
classes were built at Greenock up till the year 1856, 
when the locomotive establishment was transferred 
to St. Rollox, in the northern district of the city of 
Glasgow, where the first engine was turned out in 
July, 1857. Up till midsummer, 1876, there were 
about seventy engines built at St. Rollox, exclusive 
of “rebuilds” and ‘‘ renewals ;” and during the past 
twenty-three years there have been built in the com- 
pany’s workshops no fewer than 161 new engines, 
many of which, however, being worn out, have been 
replaced by others supplied by private firms, The 
totalnumber of locomotive engines built for the 
Caledonian Railway Company, exclusive of the 





‘‘ rebuilds” and ‘‘ renewals” just referred to, was, 
up till 1876, in round numbers, 750, the major 
portion of which was supplied by the Scotch firms ; 
and the total number at present in use is 689, as 
against 638 in stock three years ago. The most 
notable locomotives on the Caledonian Company's 
system are the well-known passenger engines with 
8-ft. driving wheels, the first of which was kuilt in 
December, 1859, by the late Mr. Benjamin Conner, 
who succeeded Mr. Sinclair as the company’s locomo- 
tive superintendent. The present occupant of that 
important position is Mr. George Brittain, and Mr. 
Joseph Goodfellow fills the post of manager of the 
company’s principal workshops at St. Rollox. Those 
works may be said to include about twenty different 
workshops, and the extent of ground covered by 
them is about ten acres. 


SUMMERLEE [RON WoRKS. 


Dating back to the year 1836, these extensive 
works commenced with only two blast furnaces, 
which were built by the late Mr. John Neilson, of 
the Oakbank Engine Works, Glasgow, a brother 
of Mr. James Beaumont Neilson, the inventor of the 
hot blast, and himself most intimately connected 
with the early history of the marine engine, and 
with the use of ironin shipbuilding. They are most 
conveniently located ona site of some twenty acres 
of ground, which is bounded by the Monkland Canal, 
and lies between two of the main lines of the North 
British and Caledonian Railway systems. The 
works were rapidly extended to their present di- 
mensions, there being now no fewer than eight blast 
furnaces, some of which are amongst the largest yet 
built in Scotland. 

The Summerlee [ron Works are invested with a 
large amount of interest on account of the successful 
results which have attended the efforts made by the 
proprietors from time to time to utilise ‘the so-called 
waste gases of the blast furnaces. Those efforts 
extend back somewhere about thirty years, but it 
was not till about a dozen years ago that they re- 
sulted in any very decided success, ‘That was by the 
adoption of what was known as the Addenbrooke 
system. After Mr. Ferrie demonstrated the possi- 
bility of using raw coal in close-topped blast furnaces, 
the Summerlee Iron Company went a little further, 
and satisfied themselves that none of the internal 
structures were requisite, which constituted one of 
the special features of the Ferrie system. They had 
adopted the Addenbrooke system, of taking off a 
portion of the gases to three of their 50-ft. furnaces, 
and eventually they raised four other furnaces 
to a height of 70 ft., and closed the tops of the 
same by the Wrightson bell and cone apparatus. 
There is also one blast furnace which is still only 
42 ft. high, but it is not in blast, and it is probable 
that it will either be taken down entirely or raised 
and adapted to the new system of working. Of the 
50-ft. furnaces two are in blast, and of the 70-ft, fur- 
naces there are three in blast. 

In respect of economy in the use of the close- 
topped furnaces using raw splint coal, exceedingly 
successful results have been obtained. The gases 
taken off are employed in getting up the blast to a 
temperature ranging from 800 deg. to 900 deg. Fahr., 
and in raising all the steam power required on the 
establishment ; but even yet there is still a large 
amount of gas going to loss, and the next effort in 
economy will doubtless be to turn it to account in 
some other useful process, There is in the blast 
furnaces alone a saving of from 8 cwt. to9 cwt. of coal 
per ton of pig iron made of No. 1 quality; aud as the 
furnace gas is used in the heating stoves and in getting 
up steam, &c., there is another saving ranging from 
12 ewt. to 13 cwt. of coal per ton of iron, These 
results are certainly most satisfactory. There are 
in use two blowing engines that were made at the 
Oakbank Works, and one that was made by Mr. 
James Aitken. 

The ironstone used at Summerlee is chiefly 
obtained from various mineral fields in Lanarkshire 
and Dumbartonshire, to the west of Glasgow, from 
the Shotts Hills some miles above Airdrie ; while the 
coal is almost entirely got from the Hamilton district 
and from the neighbourhood of Wishaw. Some 
Irish limestone is used, but that which is chiefly de- 
pended on is got at Levenseat and at the Camps 
Quarries, near Mid Calder, The annual make of 
pig iron is from 60,000 tons to 70,000 tons when the 
works are in full swing, and from 3500 to 4000 work- 
men are then employed by Messrs. Neilson; at pre- 
sent, however, there are only about 2000 in their 
service, even including the hands employed in the 
collieries and ironstone mines. 





Govan Iron Works. 

Lying within the present municipal boundaries 
of Glasgow, in the south-eastern quarter, the 
Govan Iron Works have, for the last forty years or 
so, held a prominent position in connexion with the 
leading industries of the city. The original founder 
of the business was William Dixon, of Govan, who, 
as a “collier laddie,” left his home in Northumber- 
landin the year 1770, when he was 17 years of age, 
and settled down in the vicinity of Glasgow. 
his early manhood he became the lessee of the Govan 
coalfield, and ultimately the proprietor of the estate. 
About the end of the last century he became con- 
nected with David Mushet and other partners in 
the erection of Calder Iron Works, near Coatbridge ; 
and it was just about that time that Mushet made 
the discovery of the blackband ironstone on the 
banks of the Calder—a discovery to which we may 
trace a large share of the influence which Scotland 
has since acquired in the iron manufacture. Not 
long afterwards he became the sole proprietor of 
the works, now consisting of six blast fur- 
naces, and in course of time he acquired so 
many mineral leases in the neighbourhood of 
Calder and Coatbridge that he had practically the 
whole district under his control; indeed, his leases 
extended over a vast area of ground, and included 
the lands on which the majority of the present 
iron works are standing. Whether it was the 
expiration of the leases or the necessity for 
an immediate working of the minerals according to 
terms, certain it is that a few years before the 
numerous iron works of the district were commenced, 
lease after lease was given up, and latterly secured 
by others, until but a very small portion of the 
minerals, comparatively speaking, was retained for 
the Calder Iron Works, Early in the third decade 
of the present century, and shortly before Mr. 
Dixon’s death, the extensive property of Wilson- 
town or Cleugh, in the Upper Ward of Lanarkshire, 
passed into the hands of his youngest and eldest 
sons, John and William Dixon. The Wilsontown 
Iron Works, including both blast furnaces and 
malleable iron works, together with extensive coal 
and ironstone fields, and dating back from the year 
1774, were carried on by the Messrs, Dixon (or 
rather by the eldest brother) for many years; and 
under the guidance of Mr, Dixon aud his well- 
known manager, the late Mr. John Condie, of steam 
hammer fame, they were the scene of various im- 
portant improvements in the manufacture of iron, 
Active manufacturing operations ceased at the 
Wilsontown Iron Works altogether in the year 

1842. 

For a number of years the Calder Iron Works 
were carried on by a co-partnery, of which Mr. 
William Dixon the younger was the leading member. 
The co-partnery was dissolved in the year 1835, 
when the works again reverted wholly to Mr. Dixon, 
and they remained in his possession till his death, 
which occurred in the year 1862, when he was suc- 
ceeded by his son, Mr. William Smith Dixon. 
Several years ago that gentleman transferred the 
business to a limited liability company consisting of 
himself and some six or seven relatives, the title of 
the company being William Dixon, Limited, and all 
the extensive collieries, Calder and Govan Iron 
Works, &c., being carried on as one interest. 

The leading feature of the Govan Iron Works as 
they now stand is a stack of five large blast fur- 
naces. During many years these furnaces were of the 
same general character as that prevailing throughout 
Scotland, being low, open topped, and givinga small 
yield of pigiron. A few years ago, however, the 
proprietors displayed a strong determination to be 
abreast of the times in the way of producing pig 
iron in accordance with the most approved notions 
as to economy of fuel and labour; and they 
eventually took the furnaces in hand, one by one, 
partially or entirely rebuilt them, raised them to a 
height of 75 ft., and closed them in on the bell-and- 
cone system, so as to be able to take off the furnace 
gases for use in heating the blast, getting up steam, 
&c. The boshes in all cases are 18 ft. in diameter. 

Raw splint coal is alone used as the fuel and re- 
ducing agent—no coke—and the body of the furnace 
isin each quite open. The ores used are chiefly 
blackband and clayband ironstones, together with 
a mixture of Spanish hematite and forge cinder, The 
former are chiefly obtained from the company’s 4 
at Carfin, Barbush, Ibrox, and Fauldhouse. e 
should have mentioned that the coal is got at Blan- 
tyre, Carfin, Calder, Wilsontown, and Govan, and 
that in the year 1876, the company turned out at 
their various pits about a million and a quarter tons 
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of coal, a large 


rtion of which, however, was sold 
in the open market. 

A large proportion of the furnace gas is taken off, 
and used for firing the boilers and hot-air stoves, 
and there is still a large surplus which has not yet 


been turned to account. In the reconstructed fur- 
naces, as compared with the old furnaces, there is a 
clear saving of 12cwt. of coal per ton of pig iron 
made ; andthe produce of the five furnaces is about 
1800 tons of pig iron per week, principally No. 1 
foundry iron. 

There are two blowing engines for driving the 
five blast furnaces. One of them is a beam 
engine, which has a steam cylinder 48 in. in dia- 
meter and 10 ft. stroke, and two blowing cy- 
linders, one having a 10 ft. stroke and a diameter 
of 96 in., and the other having a § ft. stroke and a 
diameter of 108in. This engine has been many 
years in use. Since the reconstruction and mo- 
dernising of the furnaces were taken in hand, the 
blowing power has been materially increased by the 
erection of a pair of direct-acting coupled engines, 
having 40 in. steam cylinders and 80 in. blowing 
cylinders, with 54in. stroke. Contrary to the 
usual arrangement of engines of the vertical type, 
the blowing cylinders are placed on the foundation, 
and beneath the floor line, the steam cylinders over- 
head, and the crankshaft and connecting rod be- 

































































tween them. By this disposition of the members, 
the blowing cylinders, together with the strong 
cast-iron casings with which they are surrounded, 
serve to a great extent the double purpose of a 
foundation and air receiver, by reason of their 
weight and extended surface. The space between 
the sides of the casing and the cylinder being made 
sufficiently large to admit a man working freely in- 
side all round, the valves are thus easy of access, 
and any one can almost immediately be removed 
and renewed. In general appearance these engines 
are handsome and compact, and the workmanship 
is of a very superior and substantial order. They 
were constructed by Messrs. Dick and Stevenson, 
Airdrie. The pressure of blast used is 5}1b. The 
hoist is worked by a pair of — engines. In 
the hot-air stoves both pistol and horseshoe cast- 
iron pipes are used, 

In addition to the blast furnaces there is at Messrs. 
Dixon’s works an extensive forge that has long been 
famous for its finished iron, including ship and 
boiler plates, bars, angles, &c. The plant embraces 
forty-two puddling furnaces, three ball furnaces, 
three forge trains, three Condie steam hammers, 
one plate mill, four bar mills—8 in., 10 in., 14 in., 
and 16 in. trains ; and the total produce, when all the 
furnaces, mills, &c., are in full operation, is ‘about 


| 25,000 tons of finished iron per annum, At present, 


























however, the works are only going about half time. 
It should be stated that all the puddling and heat- 
ing furnaces are fired with dross, ’ 

There are also extensive fitting shops, foundry, 
boiler shed, wheel shop, &c.; but in consequence 
of depression of trade these are at present all stand- 
ing. 

A certain peculiar interest attaches to Govan 
Tron Works from the fact that the Bessemer process 
was practically put to the test under the late Mr. 
William Dixon’s auspices some time before it had 
been demonstrated to be a practical success. An 
engagement was entered into by Mr. (now Sir) 
Henry Bessemer and his partner, Mr. Longsdon, 
that Mr. Dixon should have the sole license for 
Scotland, that gentleman paying 20,000/. down for 
that right; but as the experiments carried out at 
Govan Works did not come up to the patentee’s 
expectations, the money was repaid, and Mr. Dixon 
was absolved from all further responsibility. Some 
years ago it used to be the practice to show special 
visitors to the works some of the remains of the 
Bessemer plant employed in the experiments. 
Another interesting fact is that the first Siemens 
furnace brought into use in Scotland was erected at 
Govan Iron Works. Messrs. Dixon give employ- 
ment at present to between 5000 and 6000 hands at 
their different iron works, collieries, &c. 
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BRIDGE OVER THE NILE AT KOHE. 


Tue Kohé bridge, of which we gave a two-page 
engraving last week, together with detail views on 
page 132, and of which we now annex further 
illustrations, is designed by Mr. John Fowler to carry 
the Soudan 3 ft. Gin. gauge railway across the Nile 
at a point about 1170 miles above Alexandria, and 
750 miles below the junction of the White and Blue 
Nile, at Khartoum. We have already (vol. xv.) 
fully described the Soudan Railway, so it will 
suffice to state here that it is a line in course of con- 
struction between Wady Halfa, at the second cata- 
ract, and Khartoum, the centre of traffic for the 
equatorial regions of Africa, a distance of about 
560 miles by the railway, and 910 miles by the river. 

At the point of crossing the Nile takes a rather 
sharp but regular bend to the right, and the force 
of the current impinges upon the rocky left bank 
of the river. The right bank being thus in slack 
water will not be subject to scour, and the founda- 
tions, though in sand, are not required to be of great 
solidity or of great depth. As a consequence, small 
and light spans are alone necessary for the greater 
proportion of the width of the river, anda generally 
economical structure is obtainable. The singular 
uniformity in the cross-sectional area of the Nile at 
different parts of its course is worthy of note, As 
































measured by Mr. Fowler, the High Nile areas at 
four widely separated points are as follows : 


Miles above Area, Square 

Alexandria, Metres. 
Barrage oe ose 158 7000 
Kasr-el-Nil ... ce 172 6500 
Queremat .. ase 214 6850 


Kohé ... eve see 1170 6600 

Owing to the fact that the Nile receives no tribu- 
tary, but that, on the contrary, it is largely tapped 
throughout its course for irrigation purposes and 
loses heavily by evaporation and percolation, the flow 
is much larger at Kohé than at the Barrage. No 
measurements have been taken at the site of the 
bridge, but from a comparison of observed flows at 
other points it is estimated to range from 800 cube 
metres per second at Low Nile to 14,000 cube 
metres at High Nile, discharges corresponding to 
mean velocities of jths of a mile and 4} miles per hour 
respectively, In ordinary years the flow would not 
be as much as stated, and as the duration of low 
water can be calculated almost to a day, and such a 
thing as a sudden “ spate” is perfectly unknown, it 
will be clear that the difficulties in constructing the 
Kohé bridge are merely those inseparable from any 
work situated so far inland and so remote from civili- 
sation. Referring tothe genera! elevation (Fig. 1 of 
the two-page engraving published by us last week), 
it will be seen that the bridge comprises 16 spans of 
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20 metres each supported on cast-iron ‘‘ limpet’’ piles 
filled with concrete and securely based on the rocky 
bottom of the left half of the river; together with 
six similar spans resting on screw piles, and a con- 
tinuous girder bridge having two centre spans of 
50 metres each, two side spans of 39 metres, and 
four piers consisting each of a pair of cylinders 
rome together and filled with concrete, Facility 
of erection was of course an essential feature of 
the design, and with that view the whole of the 
details were arranged to admit of the construction 
of the main continuous girder portion upon the 
side portion of the bridge as a scaffolding, and the 
erection of the former by rolling forward across 
the deep current of the river and lowering into place. 

The sandy bed of the Nile, except in slack water, 
is peculiarly liable to scour, hence to secure perma- 
nency and to facilitate the sinking of the c finders 
a sort of artificial submerged island is formed on the 
site of each main pier by sinking an open-sided light 
lattice caisson or crib on to the river bed, filling the 
space occupied in an ordinary dam by puddle with 
concrete and rubble, and allowing the central portion 
to silt up or not as the circumstances may determine. 
By this means the cylinders are enabled to be 
accurately set when lowered into place from 
maa in the manner successfully adopted at the 

ay bridge, and a permauent protecting collar of 
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concrete and rubble tied together with iron encircles 
the base of each pier and effectually guards the 
structure at the elle ints liable to be endangered 
by scour. The detaile of the cylinders, bracing, 
and crib are so clearly shown by Figs, 28 to 41 and 
Figs. 51 and 52 that further description is quite 
unnecessary. For the same reason it will be un- 
necessary to further describe the construction of 
the small piers illustrated by Figs. 44 to 50 and 
~— 53 to 61 (see pages 144 and 145). 
eferring now to the superstructure it will be 

seen from Figs. 1 to 14 and Figs. 24 to 27 that the 
four main openings are spanned by a pair of con- 
tinuous single-webbed lattice girders of simple 
construction with deep trusses for cross girders and 
rolled joists for rail bearers, as shown very clearly 
by Fig. 26. The top and bottom members of the 
girder consist of a vertical web plate 12in. by $in., 
a pair of angle irons 34 in. by 3}in. by gin., and a 
continuous flange plate 18 in. by }in. reinforced 
by additional plates where the stress requires it. 
‘The web consists of one series of angle irons ranging 
in section from 3}in, by 3in, by jin. to Sin. by 
| in. by § in., sloping from right to left at an angle 
of 45 deg., and rivetted to one side of the vertical 
ow and another precisely similar set sloping from 
eft to right and rivetted to the other side of the 
said plate, 

In proportioning the several parts the following 
working strains per square inch were adopted : 


Tension. Compression. 
cwt. ewt. 
Main girder flange ose 90 70 
9 »» Web angle iron 80 60 
Cross girders Bre saa 80 60 


Rail _,, ove ove 75 75 

The rolling load was taken at 18 cwt. per foot 
run for the larger spans and one-fourth greater for 
the 20 metre spans. It may be stated here that the 
engines working the Soudan Railway have six wheels 
coupled, and a leading two-wheel bogie truck, the 
weight upon the former being 25.5 tons and upon 
the latter 4.5tons. The coupled-wheel base is 9 ft., 
the extreme wheel base 15 ft. 9in., and the length 
over all 26 ft.9in. The wagons have a wheel base 
of 8 ft., alength over all of 16 ft., and weigh 10 tons 
loaded. 

Figs. 12 and 13 and Figs, 15 to 23 illustrate the 
construction of the small-span viaduct. It will be 
observed that the cross girders and rail girders con- 
sist of steel rails of ordinary section—a remarkably 
cheap system when the latter can be obtained at 
4/. 10s. per ton, or even less, as at present. 

The weight of iron in the superstructure of the 
four large spans is 236 tons, or 7} cwt. per foot run, 
and in the twenty-two small spans 254 tons, or 
34 cwt. per foot run. Inthe piers and caissons of 
the former there are 600 tons of iron and in the 
latter 200 tons. The contractors for the works 
were Messrs. Appleby Brothers, of Greenwich. 


GAS ENGINES. 
To THe Eprror or ENGINEERING. 

Str,—As Mr. Wilson has incidentally introduced our 
name in his historical sketch of gas engines which appeared 
in your issue of July 25, and as we have been more or less 
connected with gas engines for the last ten years, we shall 
be glad if you will allow us in your columns to confirm the 
claim which Mr. Wilson makes for Messrs. Otto and 
Langen as having brought out the first commercially suc- 
cessinl gas engine. It must not however be quite over- 
looked that that engine, the atmospheric, differed little 
from one patented in 1857 by two Italians named Barsanti 
and Mattencci, who may be considered the first pioneers of 
this new industry. The atmospheric engine was a truly 
economic one, because gas was only consumed to produce a 
vacuum, the pressure of the atmosphere doing the real 
work. In this respect the Otto and Langen, atmospheric, 
and Gilles’ atmospheric (which we in 1877 introduced into 
this country, having seven years before broken the ground 
for the Otto and Langen, and successfully battled against 








be some disadvantage, as Mr. Wilson says, in having two 
cylinders instead of one, but that is more than compensated 
for by the even turning resulting from the impact of 
power at each stroke, a result of great importance for 
weaving, &c. ; 

It follows from what we have said that we agree with 
Mr. Wilson in thinking that Mr. Clerk has not yet shown 
any advance on the “ Otto” engine, and that the cause of 
the economy of gas he is said to claim is somewhat obscure 
unless it be found in the words “‘ indicated horse power.” 
We are, yours, &c., 

Louris Stmon AND Son. 


Nottingham, August 9, 1879. 


THE STONECLOUGH BOILER EXPLOSION. 
To THe EpiTor oF ENGINEERING. 
Srr,—Owing to absence from town I did not see your 
mblication of August 1st until the 6th inst., or I should 
ve written sooner. : 

Mr. Hiller says, “I regret that Mr. Baldwin should 
have forced himself into the inquiry, especially as his report 
certainly did not elucidate matters, whilst his conclusions 
were, as you remark, at least novel.” 

The explosion in question did not arise from the cause 
given by Mr. Hiller, and as to “forcing myself into the 
inquiry I will now explain: I went to the works of 
Messrs. Fletcher on the day after the explosion merely to 
look at the exploded boiler, and was informed by Mr. 
Fletcher that I could not see it without an order from Mr. 
Hiller, as he had sent instructions that no one was to be 








Ion of the Clue 


SCREW PROPELLERS. 
To THE EpITorR OF ENGINEERING. 

S1r,—Having had no small experience of screw propellers, 
will you allow me to offer the following remarks on the 
statements of Mr. H. D. Deane, contained in your issue of 
July 11th, concerning the perforated screw called the 
Delamater wheel, said to be a patented invention in actual 
working, for which superiority is claimed over other screws. 

In the first place, if Mr. Deane will refer to the works on 
** Marine Propulsion,”’ published by our Patent Office, he 
will find it therein recorded that “‘ perforated,” “ corru- 

ted,” ‘‘ hollow,’’ and hundreds of other similar devices 
i been patented and tested many years ago. ; 

The results obtained after perforating an ordinary 
‘*Carpenter’’ or ‘“‘true screw” propeller’ blade went 
to prove that the perforations weakened the blade 
and endangered the safety of the vessel under various 
circumstances. From the result of my own experi- 
ments I can conclusively prove that the actual weight of 
the screw is an important factor in determining the results 
to be secured. A heary screw will not give as good results 
asa lighter screw of exactly thesamedimensions. Per- 
foratinga heavy screw will lighten it, and tend to ‘give 
better results and to reduce vibration; but the screw is 
seriously weakened. If strengthened by adding metal, 
the weight is increased, and no better results are secured 
than with the non-perforated blade. 

The illustration given in your columns of the perforated 
screw shows an ordinary four-bladed ‘‘ Carpenter”’ or letter 
X screw, with holes bored or countersunk in the blades. 
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allowed to see it withont a note from him, and all those 
who were on the works for the purpose of looking at the 
exploded boiler were ordered off by Mr. Hiller’s assistants 
and Messrs. Fletcher themselves. I sent one of my 
assistants to the coroner to ask him to give him a note to 
empower him to look at the exploded boiler; after some 
conversation the coroner told him that he should like to see 
me if I would siep across to his office ; I therefore went to 
see him, and he requested me to give evidence at the in- 
quest, and gave me an order in writing to examine the ex- 
ploded boiler, the following is a copy: 
5, St. James’s-square, Manchester, June 18, 1879. 

Sir,—The bearer, Mr. Thos. Baldwin, is authorised by 
me to examine the boiler and boiler-house at Messrs. 
Fletcher’s paper works, Kersley, with a view to his giving 
evidence of the cause of the explosion at the inquest on 
Edward Edwardson. 

Yours obediently, 
J. BrouautTon Epes, 
Her Majesty’s Coroner. 

P.S.—I shall merely open the inquest to-morrow at 
2.30 p.m., and then adjourn for the attendance of counsel, 
and probably an engineer, instructed by the Treasury. 
Precept will be sent by post this afternoon. Please see 
— Fletcher, and introduce Mr. Thomas Baldwin to 
them. 

Inspector Grimshaw. 


I noticed in your article on the explosion that you men- 
tion the absence of the form of the collapsed flues ; I now 
enclose you a copy from the drawing prepared at the time, 
which is sufficient evidence to convince any engineer that 
the collapse was not caused by the flue tubes becoming 
overheated. The dotted lines on the longitudinal view 
show the form taken by the collapsed fines, and a and b | 
are sections at the points shown on the sketch of the fine | 
tubes. | 





A boiler insured in our company had one of its furnace 
tubes overheated yesterday, Monday, August 11, owing to | 
the water in the boiler getting very low—it is of the Lan- 
cashire type—and when the steam had been blown off, the 
water was found to be 2ft. 6 in. below the top of the tubes, 
and one of the tubes only was bulged towards the furnace 
about 6 in. on each side above the furnace bars, as under, 

by the dotted lines, at about 


The backing power of such a screw, with its wide peri- 
phery, exceeds that of the Griffiths, Hirsch, Thornycroft, 
and other patented propellers, but it has this defect, that 
on reversing the engines no power on earth will enable the 
captain of the steamer to retain a control over the move- 
ments of his vessel. With right-handed screws designed 
on this principle the stern invariably slews round to port, 
the bow paying off to starboard on the engines being re- 
versed, pm | vice versd with left-handed screws. In the 
case of vessels meeting, this brings the one that first re- 
verses athwart the other’s bows, and renders her liable to 
be cut in two. This is due in part to the shape of the 
back of the blades, where all the strengthening matter is 
to be found, and here, consequently, part of the blade only 
drives astern while the other part drives ahead on the 
engines being reversed, the resultant of the y ye forces 
tending to n he the vessel’s stern. To say that, owing to 
the perforations, ‘‘ a partial vacuum is formed on the after 
side of the blades”’ is evidently incorrect. "Where no per- 
forations exist, a partial vacuum may be and is formed at 
high speeds by nearly all screws in use ; but where perfora- 
tions exist they will naturally tend to diminish that partial 
vacuum by allowing water to pass into it, and Mr. Deane’s 
argument is at once upset, the perforations evidently tend- 
ing to diminish an existing vacuum and not to create one 
to enable the vessel “‘ to back into her own suction.”’ 

At high speeds, when the engines are working at their 
maximum number of revolutions, I believe it will be found 
that no water passes through the perforations, but that 
the water pam | taken in is carried round. If these 
perforations were filled with tallow, Ido not believe that 
much of it would be forced through the holes, and that on 
examining the screw after working it some hours without 
stopping, the perforations would be found to have retained 
their charge of tallow, except, perhaps, towards the lead- 
ing corner of the blade, where we might fined ‘‘ jets or 
columns of water forced through these holes in vortex 
motion.” This, as Mr. Deane remarks, ‘‘ destroys the 
vacuum.” But if it does so in going ahead it also does so 
in going astern. Here Mr. Deane contradicts himself. 

As to the corrosion which sets in on the backs of the 
ordinary screw propellers in use, in rear of the leading 
corner of the blade, it appears to me to be entirely due to 
the fact that these screws lose their grip upon the water 
as soon as the speed of the engines exceeds a given number 
of revolutions, the blades of the screw then cutting out 
a hollow shell, or creating a vacuum behind them by 
throwing up the water displaced by lateral action to form 
the stern wave common to all modern screw steamers. 
This stern wave or dome overhangs the hollow in which 
the screw now works, and the weight of the su 
water breaking down and into the hollow, causes the screw 
to work in broken water, while at the same time the back 





5 ft. from the front of the 
boiler; the other tube is only 
down at about the same distance 
from the front, 1}in. The plates 
are not rent in any part, only 
bulged. 

It is the object of this com- 
pany to prevent boiler explo- 
sions if we possibly can, but we 
cannot prevent men neglecting 
their duty, and allowing the 
water in the boiler to sink below 
the furnace tube crowns, which was the case with the 
boiler just named yesterday morning. It is time that some 
**novel”’ views were entertained, and not the constant 
ery of overheated by the water leaving the boiler in some 
theoretical way that never existed in practice. There were 
no such bulges in the furnace plates of the exploded boiler 
at Stoneclough, as I have shown in the above sketch. 

_THomas Batpwin, 
Chief Engineer, Mutual Boiler Insurance 
Company, Limited, Manchester. 


of each descending blade receives the weight of the water 
falling through the vacuum it leaves behind it. And just 
as a continued drip of water will perforate a stone, so the 
drip in this case perforates that part of the blade where 
the vacuum exists. The only remedy for this defect is to 
so form your blade in each case as to prevent its forming a 
— at the maximum speed at which it is designed 
run. 

It appears to me that the screws that have been replaced 
by the perforated propellers must have exceeded it in 
weight, while any slight alteration of pitch, when correctly 
computed, would not fail to improve the performance of the 
lighter screw. . 

I have no objection whatever to test this matter with Mr. 
Deane. Thesteam yacht Dida, of 83 tons, working up to 
65 horse power, is fitted with a = screw 5 ft. in 
diameter, and has been kindly lent by Lord Alfred Paget 
to the patentees of this invention for experimental purposes 
in See of pow yay As the inventor of ~ 

oidal principle on which to design screw + yen 
shall be happy to let Mr. Deane perforate the Did ”s screw 
on the sole condition that, should no better results be 


the prejudices then existing against gas engines), are 
superior to the ‘‘Otto’’ and some other direct-acting 
*‘high-pressure’’ engines, but their limited power, and as 
regards, more especially the Otto and Langen, their un- 
mechanical construction and noisy working, left a wide 
field for engines not having such disadvantages. Hence 
the rapid success which attended the ‘‘ Otto” engine espe- 
cially while it had the market to itsel!. Although exceed- 
ingly ingenious and effective, this engine can scarcely be 
said to satisfy all theoretic requirements, for the gas is 
exploded (we know no other name for the sudden ignition 
of an inflammable mixture), giving an initial pressure of 
155 1b. per square inch. Moreover there is a considerable 
loss, by absorption in the circulating cold water, of a por- 
tion of the heat developed by the explosion. This we have 
successfully overcome in our ‘‘ Eclipse’’ engines by using 
this heat to generate steam, which, entering into the cy- 
linder, adds to the effective power of our engine, and o 

viates the effects likely to result from dry gas heat. A 
farther improvement is, that we burn the gas as it enters 
the cylinder, thus keeping the working pressure down to 
about 451b. on the square inch. It is true that there may 
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obtained than with the screw unperforated, he shall replace 
it at his own cost. 

I must state, however, that there is absolutely no vibra- 
tion at present, although the cycloidal screw in use is only 
two -bladed, and that, with this screw, the Dida answers 
her helm as well when going astern as when going ahead, 
_ which can be verified by any gentlemen who Be na to 

0 80. 

I may claim that the ‘‘ cycleidal screw” is not waiting 
to be tried to prove what are its advantages over other 
screws, and it is already being worked by nearly 3000 horse 
power distributed in vessels ranging from 900 to 50 tons. 

I am, Sir, yours truly, 
Rost. H. Armirt, 
Lieutenant R.N. 
13, Clifford’s Inn, July 14, 1879. 








THE PERKINS SYSTEM. 
To THE EDITOR OF ENGINEERING. 

Srr,—As I leave in a day or two for South America, I 
wish to explain the delays in giving further information of 
the Wanderer’s machinery have arisen solely from unex- 
pected difficulties with the ordinary low-pressure slide valve; 
the specialties of the system give no trouble, and there is 
evidently a bright future for this safe system of high 
pressure. 

It is quite useless to place before your readers incomplete 
results, and until the fault I have named is remedied no 
accurate results can be obtained. Mr. Perkins will no 
doubt complete the plans I had nearly prepared for you, 
and also give you the results of the further trials. 

It seems absurd to raise arguments on facts that have 
not even appeared on paper. ‘The Field never stated that 
12 or 13 miles required 800 indicated horse power. The 
Wanderer requires about 550 horse power for 11 knots, 
and it is well known that the friction of the Perkins piston 
and valves is less than ordinary compound engines. 

Mr. Perkins has no reason to shrink from honest 
criticism like that of Mr. Flannery. I fear in the case of 
Mr. Bury’s friendly criticism Mr. Perkins must say, “‘ Save 
me from my friends.” 

I am, Sir, your obediently, 

London, August 13, 1879. J. F. SPENCER. 








A NEW STEAM ENGINE INDICATOR. 

To THE EDITOR OF ENGINEERING. 

S1r,—Having had considerable experience in the manu- 
facture and use of the “‘ Richards Indicator,’’ I would like 
to say a few words concerning it, suggested by reading the 
account of the new indicator by Mr. Sweet on page 117 of 
your number of August 8th. 

I am quite aware of the importance of making the moving 
parts as light as possible, and some time ago suggested 
what I thought an improvement by taking away exactly 
half the parallel motion, and making the pencil work ina 
slotted guide—the result was as I expected, the diagram 
was free from undulation ; but if any one expects to obtain 
diagrams free from undulations by simply reducing the 
weight of the parallel motion they will be disappointed ; if 
the parallel motion is removed se and there is no 
weight on the piston rod at all it will vibrate just the same. 
Ihave taken diagrams perfectly free from undulation by 
simply using plenty of clean tallow on the piston, and taken 
them before the indicator has got very hot, the present 
construction allows this to a certain extent. Another way is 
toapply more pressure to the pencil and so produce friction. 
This need not cause any error, and will frequently get rid of 
vibrations, but I have no hesitation in saying if it were 
possible to use the indicator cold and lubricate the piston 
with clean tallow, there would be no necessity for trying 
any other parallel motion than the present one. 

n taking diagrams from launch engines working up to 
400 or 500 per minute, it is necessary to use a spring so 
strong that a weight of 50 lb. will only compress it about 
din. ; what effect will the [weight of the parallel motion 
have in this case? I do not think that 4 oz. falling on to a 
spring under this tension would produce the slightest 
result, and yet it is difficult to obtain di ms free from 
vibration ; it is not in the parallel motion but in the spring, 
and this can be checked in the way stated above. 

I am, Sir, yours, &c. 
J. RICHARDSON. 








COMPRESSING FLUID STEEL. 
To THE EDITOR OF ENGINEERING. 

S1r,—The expulsion of gases from fiuid steel under 
the process of compression, which forms the subject of Mr. 
Ellison’s letter in your issae of the 8th inst., was fully dis- 
cussed at the Manchester meeting of the Institute of Me- 
chanical Engineers (see Proceedings, July 1875) in connexion 
with Sir Joseph Whitworth’s paper ‘‘ On Fluid Compressed 
Steel and Guns,” and various theories were brought for- 
ward to account for a result which was ques admitted, 
although not very satisfactorily proved. In the case of 
the aystem of compression practised at the Edgar Thomson 
Steel Works, U.S.A., fully illustrated in your number of 
the Ist inst.,'the fact of the expulsion of the gases is, 
I think, clearly demonstrated by the loud roar and blue 
flame which issues from the bottom of the mould. I have 
myself seen this process in operation at Pittsburgh, and can 
testify to the fact. 

At the forthcoming meeting of the Iron and Steel In- 
stitute to be held at Liverpool, I propose to read a paper 
on this subject, and as the system is now in operation at 
the works of Messrs. Bolekow, Vaughan, and Co., I hope 
to be able to bring forward additional information both in 
regard to the cause and effect of this method of compres- 


sion. 
I am, Sir, yours truly, 
y ALFRED Davis. 
5, Westminster Chambers, Westminster, Aug. 19, 1879. 





THE FORGING OF CRANKSHAFTS. 
To THE EDITOR OF ENGINEERING. 

Srm,—I am exceedingly gratified at the careful and correct 
manner in which my paper appears in your impression of 
Saturday ; the only thing oe that in. No. 6 of the 
diagrams the flaw F is rather indistinct ; of such with such 
a small scale it would require to’ be somewhat exaggerated 
to be seen ; a hole had been bored in the rupture to see how 
far it extended, thus : 





I am also pleased at the generally correct report of the 
discussion, but had I been aware that you also reported 
subsidiary diagrams, I would have resorted to the black 
board to have explained more fully to Mr. Williams the 
point he adverted to, of the slabs being always made 6 in. 
shorter than the piece they were being welded to, which 
explanation satisfied him, and which point is one of the 
nicest parts of the whole arrangement. Had I been 
theorising I would probably have drawn the slabs full 
length, but I would likely have had down upon me at once 
some practical forgeman, who might have said, ‘* Hilloa! 
there is something wrong here, you will have a great waste 
of iron quite needlessly.’’ And he would have been per- 
fectly right, as has been proven over again in the working, 
and which I will clearly explain. Suppose they were made 
all the length, they being much thinner than the body of 
the mass they were being welded to, must needs draw under 
the hammer to a greater extent, and the consequence 
would be that the first two or three bats of the hammer 
would sent part of the iron over the edge of the piece, 
hanging down like dog’s ears, or like the pitch from a 
pitch-covered roof on a very hot day, somewhat like this: 





It cannot be otherwise, for the iron has nothing to weld 
upon, and must either be cut off by the forgeman as waste, 
or he will allow it to be dissipated in the furnace. Each 
4 ft. long slab would be about 8 cwt., and 6in. of each 
would be 3 cwt. on the 24 cwt., or 124 per cent. of waste 
on each lay of iron. After being at the trouble and ex- 
pense of getting up so carefully prepared slabs to have them 
subjected to such waste for no practical advantage at all, 
would, indeed, be very discreditable to any one’s manage- 
ment, and would increase the cost very much, I was ex- 
ceedingly surprised when I heard one of the speakers sa 
not only that he made his shafts in the way I indicated, 
but used the slabs all the length of the width of the crank. 
If so, I am very certain he will soon discontinue it, for it 
must be borne in mind that it is the mass to shape the 
crank out of that is being made, not the crank itself, per se, 
and the cropping cut off either gable, as shown at Fig. 19, 
on page 137 of your last number,fis what is convenient for 
another lay, and which is cut off the gable whether made 
by first, second, or improved method ; not the mere surplus 
of each layer of slabs, which fag ends being in small pieces, 
can only be cut up at the shears again, and piled as scra; 
iron. I invited all interested to call at the forge here, an 
witness the process for themselves. Numbers of the 
members favoured me by calling, and closely inspected 
several large crankshafts in various stages of progress, saw 
for themselves the perfect welding of the bles, and the 
complete shaft when made ; and all exp their thorough 
appreciation and approval of the method. I may repeat, 
what I mentioned at the meeting, that in ee forward 
my paper I desired to create no monopoly of the manufac- 
ture for myself, but during the present depression of trade, 
and consequent keen competition on every side, all means 
are taken to cheapen production, the results being that few 
newspapers are taken up without some casualty being 
observed reported, and it is no wonder that shipowners are 
at their wit’s end to get reliable crankshafts, and in 
despair are turning their attention to steel even at a greater 
cost, in the hope of averting the breakages so frequently 
occurring. If the plan I have advocated is generally 
adopted, it will no doubt give greater confidence in the 
future, as engineers still prefer to specify scrap iron for 
such shafts. Should this be effected, my object in bringing 
forward my paper will be achieved, for it will be in the 
power of all engineers thus to examine the process for 
themselves, and see that it is carried out in its integrity, 
both as regards method and material. 


fam, &., 
W. L. E. McLean. 
Lancefield Forge, Glasgow, August 18, 1879. 








NOTES FROM THE NORTH. 
GuLaseow, Wednesday. 

Glasgow Pig-Iron Market.—A further advance in the 
price of warrants took place last Thursday, partly in con- 
sequence of expected difficulties between the mineowners 
cod their workmen, owing to a general determination on 
the part of the latter to restrict the ‘‘ darg”’ or day’s work. 
An impetus was also given to it from the fact of two large 
shipments of 1000 tons of old rails to New York. Quota- 
tions started at 42s. 6d. cash—an advance of 3$d.—and 
mounted up to 43s. cash, while a fortnight previously 
40s. 5d. was accepted. There was a weakness in the after- 


noon, and prices receded to 42s. 10}d. and 42s. 9d. cash 
and to 43s. 1d. and 42s. 10d. one month, closing sellers at 
the latter figure, or 6d. over the closing price of the pre- 
vious (day, and buyers at 42s. 8d. cash and 42s. 9}d. one 
month. The warrant market was again strong on Friday, 
and a further advance of 6d. per ton was obtained, making 
an advance of 1s. 4d. on the week. Business was done 
during the forenoon at from 43s. 34d. to 43s, 1d. cash, 
closing with sellers at the latter sum, and buyers offeri 
1d. per ton less. During the afternoon quotations 

from 43s. 14d. to 43s. 3d. cash, and the market closed with 
buyers offering 43s. 3d. cash, and 43s. dgd. one month, 
with sellers asking 14d: more. Monday’s market was 
very strong at the opening, sellers seeking a further ad- 
vance of 9d. per ton, a small portion of which, however, 
was dropped at the close. There were transactions durin 
the forenoon at 44s. down to 43s. 9d. cash, and at 44s. 14d. 
to 43s. 10d. one month, buyers over at the close at the 
lower prices, and sellers asking 1d. per ton more. The 
afternoon quotations were 43s. 10d. cash and 44s. one 
month, sellers closing at those prices, and buyers offering 
43s. 9d. and 43s. 11d. cash, and one month respectively., 
Business was done yesterday forenoon at 43s. 10d. to 443.0 
and down to 43s. 9d. one month, also at 43s. 8d. tt 
43s. 10d., and again down to 43s. 7}d. cash, the markee 
closing with sellers at 43s. 7$d. cash and 43s. 9d. on 
month, buyers 1}d. less. Iron a hands in the after- 
noon at 43s. 6d. and 43s. 4$d. cash, also at 43s. 7d. and 
43s. 6d. one month; and at the close there were buyers at 
433. 4$d. cash and 43s. 6d. one month, and sellers at 1$d. 
per ton more. The market was flat this forenoon, when 
business was done at 43s. 7d. down to 48s. 2d. cash, also at 
43s. 7d. down to 43s. 4d. one month, sellers at the close 
asking 43s. 4d. cash and 43s. 6d. one month, and buyers 
offering 1d. less per ton. Flatness was again the rule in 
the afternoon, sellers at 43s. 14d., and buyers at 43s. cash. 
Prices having advanced to the extent of 2s. 7d. per ton 
during last week and the preceding week, the market 
seems now to have taken a stand for a time, but it can 
scarcely be expected to remain where itis. The sudden- 
ness and unexpected extent of the rise have been somewhat 
severely felt +! several a anes Spe = mg into 
arrangements for supply at lower s than they can 
now purchase at; and one broker 4 actually had to 
intimate his inability to fulfil his engagements. Should 
the improvement now being reported from America be 
maintained, it will soon make itself felt on all hands; in 
the meantime, however, no change of any importance can 
be reported in the home trade. Makers’ quotations are 
now advanced 1s. per ton all round. Last week’s ship- 
ments of pig iron from all Scotch ports amounted to 
8652 tons, as compared with 6162 tons in the correspond- 
ing week of last year. One blast furnace having been 
blown out at Ardeer Iron Works, there are now 89 fur- 
naces in actual operation as against 96 at the same time 
last year. Iron still continues to be sent into the public 
warrant stores, and the total stock with Messrs. Connal and 
Co. up till last Friday night was 292,361 tons, showing an 
increase on the week of 2038 tons. 


Port-Seton Hurbour.—This extensive work, which is in 
course of construction at the instance of the fishermen of 
Cockenzie, is rapidly nearing completion, a large staff of 
workmen having been employed, since its commencement 
in December last year, by the contractors, A. Morrison and 
Son, Edinburgh. Already 200 yards of sea wall have been 
formed, and 60 yards of the inner or quay wall, and at 
every distance of 30 ft. strong cross walls have been erected. 
The slope of the sea wall is 2in. per foot, while that of the 
inner wall is 1}in. per foot, and the quay, with an inclina- 
tion of 1 in 50, is being covered with concrete 10in. in 
thickness. An iron cope is carried along the harbour wall 
with bollards placed at convenient distances. It is also 
intended to erect a parapet along the sea wall, rising b: 
stages to 9} ft. at the west end, and a line of steel rails wi 
be placed the whole length of the quay. The height of 
the quay wall is 21 ft. 6in., thus allowing 5ft. above that 
of ordinary spring tides, which reach 16} ft. Mr. Jas. 
Norrie, the local manager, hopes to bring the whole 
undertaking well nigh to a close at the end of the present 
year. 

Hydepark Locomotive Works—A Correction.—A mis- 
take occurred in the notice which appeared in last week’s 
paper regarding Hydepark Locomotive Works, which it 
would be well to correct at once. When Mr. Reid became 
the managing partner of the works at the end of 1863 the 
firm had made about 1000 engines of all sorts—land, marine, 
and locomotive—and not in the year 1858, as stated in the 
notice referred to. 


Rapid Steaming.—The Allan royal mail steamer Sar- 
dinian, which arrived at Liverpool on Sunday evening, is 
reported to have made the “‘ fastest passage on record’’ be- 
tween Quebec and Liverpool, the actual time occupied in 
the run from port to port having been eight days, seven 
hours, and thirty minutes. The two previous voyages of 
the same steamer were also accomplished with remarkable 
celerity, and until this last performance of the vessel it 
was claimed for them that they were the quickest on record. 


The Aberdeen Harbour Biils Contest.—It is stated that 
the expenses incurred by the elected Harbour Commissioners 
of Aberdeen in connexion with the recent Parliamentary 
contest amounted to 20001., which, along with the expenses 
falling on the Town Council and Harbour , makes the 
total cost of the contest close on 600U1., whereas the Bill 
might have been passed at perhaps not more than 7VOlL. if it 
had been uncontested. 


Water Suppty or Brispange.—The Colonial Treasurer 
aeensland instructed 





of Q has ins Mr. Henderson of the Harbour 
and Rivers a aongonas to upon the present water 
sory ot Pele and the t means of extending its 
The Municipal Council has also adopted plans for the 





drainage of the city. 
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DOUBLE LATHE FOR DISC RAILWAY WHEELS. 


CONSTRUCTED BY MESSRS. A. 


























WE annex engravings of a double lathe especially 
designed for turning and boring cast steel disc wheels 
for railway carriages, this lathe being one constructed 
by Messrs. A. Fetu and Deliége, of Liége. As will be 
seen from our engraving the Machine consists of a sub- 
stantial bedplate having a headstock cast in one with it. 
This headstock carries two parallel spindles, each pro- 
vided with its faceplate, but these faceplates being at 
opposite ends as shown. The driving gear consists of a 
single set of cone pulleys furnished with back gear as 
shown, the spindle carrying the cone pulleys giving 
motion to both faceplates. The faceplates are both 
toothed in their peripheries, and the one—that on the 
left in Figs. 1 and 2—gears directly with a pinion on the 
cone pulley spindle. In the case of the other faceplate, 
however, an intermediate wheel is provided between the 
faceplate and the pinion on the cone- pulley spindle, 
this idle wheel being necessary to give the faceplate 
motion in the required direction. The arrangement of 
the gear is shown in end elevation in Fig. 3, from which 
and the other views the details will be readily under- 
stood. It will be noticed that by shifting the pinions on 
the cone-pulley spindle either one of them can be thrown 
out of gear with the wheel which it drives, thus enabling 
one half of the machine to be worked without the other. 
Each faceplate is furnished with a slide rest mounted as 
shown, the tools having a self-acting traverse in both 
directions. 








DAMAGED AGRICULTURAL ENGINES 
AND MACHINERY. 

Tue secretary of the Royal Agricultural Society has 

just issued the subjoined circular. The object which the 
toyal Agricultural Society have in view in collecting the 

examples of the careless usage of engines and machines 

referred to in the circular is an excellent one, and deserves 

every support. Such a collection of exhibits as it is pro- 
vosed to get together is calculated to do much service. 
he circular is as follows : 

Sir,—1I am instructed by the Council of the Royal Agri- 
cultural Society of England to invite you to send for ex- 
hibition at Carlisle next July, any instructive examples or 
specimens of agricultural engines and machines, and parts 
thereof, damaged through the negligence of the men in 
charge, which may have come under your notice. Any in- 
formation, also, which you may be able to furnish in refe- 
rence to the circumstances under which the damage 
was done in each case, will be most desirable. These 
specimens will be exbibited in a special shed in the show- 
yard at Carlisle, for the purpose of illustrating the 
damage which may be produced by careless or uninstructed 

rsons ; the great loss caused, particularly the danger to 

aman life ; and also to indicate the direction in which im- 








Eppesneeni may be made in the management of such ma- 
chinery. 

I shall be glad to know not later than March 31 whether 
you propose to send any specimens of damaged machinery 
for exhibition, and in the event of your electing to do so, 
I shall be obliged by your supplying me withalist. It will 
be necessary to forward the specimens so that they may 
reach Carlisle not later than the 15th of June next year. 

I remain, yours very faithfully, 
H. M. Jenxrns, Secretary, 





ASSOCIATON OF MUNICIPAL AND SANITARY ENGI- 
NEERS AND SURVEYORS.—The ballot for the President of 
this Association for the ensuing year just completed, has 
finally resulted in the election of Mr. Edward Pritchard, 
C.E., F.G.S., of Great George-street, Westminster, and 
Warwick. The votes of all members of the Association 
are taken by ballot papers, and the first return, singular to 
relate, resulted in a tie between Mr. Pritchard and Mr. 
Deacon, the borough engineer of Liverpool. 





PROTECTION OF Royat Pataces FRoM Fire.—Her 
Majesty’s Commissioners of Works have determined upon 
a most complete fire service for the protection of Hampton 
Court Palace, and have entrusted the carrying out of the 
work to Messrs. Merryweather and Sons, who have alread, 
supplied similar machinery for Osborne, Sandringham, Marl- 
borough House, and other royal palaces. The appliances at 
Hampton Court will include one of Messrs. Merryweather’s 
patent steam fire engines with double cylinders, similar to 
those which secured two gold medals at theParis Exhibition, 
and having a capacity equal to throwing four or more power- 
ful jets simultaneously. 





SanrTaRY CONGRESS FOR 1879.—The Sanitary Con- 
and Exhibition of the Sanitary Institute of Great 
Britain will this year be held at Croydon from October 21st 
to November 8th inclusively. Dr. Richardson, F.R.S., has 
accepted the office of President of the Congress, and a large 
and influential committee, Mr. John Corry being the chair- 
man, has been formed. Amongst the vice-presidents are 
the Archbishop of Canterbury, Earl Percy, the Earl of 
Egmont, the Bishop of Rochester, Mr. George Cubitt, M.P., 
Mr. Alexander M‘Arthur, M.?., Mr. W. Grantham, Q.C., 
M.P., Sir Trevor Lawrence, Bart., M.P., Mr. J. Watney, 
&c. The Sanitary Congress is divided into three sections 
as follows: Section I. Sanitary Science and Preventive 
Medicine, President, Mr. Al Carpenter, M.D., Lond. 
1.P.—Section If. Engineering and Sani Construe- 
tion, President, Captain Donglas Galton, R.E., C.B., 
F.R.S.—Section III. Meteorol and Geology, Pre- 
sident, Mr. G. J. Symons, F.R.S. Arrangements have 
also been made for one or more lectures, one of which will 
be delivered by Professor Corfield, M.A., M.D. 
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RUBBER-TYRED TRACTION ENGINES. 
On the Working of Traction Engines in India.* 

By Mr. R. E. B. Crompton, of London. 

(Concluded from page 107.) 

Working Cost.—Table II. ( 150) gives an analysis of 
the working expenses for the first four months of two years, 
1873 and 1874, during which periods the running was most 
regular. For 1873 the figures for working expenses are 
furnished by the report of the committee before referred 
to. For 1874 they have been worked out directly from 
copies of the train diaries, which after the sitting of the 
above committee were kept in full detail. It will be seen 
that the working expenses per train and ton-mile were 
slightly reduced during the latter period. The economy 
shown would have been greater not the pay of the 
European portion of the staff been raised for the later 
period, thereby increasing the item for wages and general 
c It must be borne in mind that the trains were 
only loaded one way, because at one time of the year the 
trafic set in one direction, and at another time in the 
opposite; therefore the proportion of empty trains and 
dead weights hauled is very great compared to the paying 
load on which the mile-tonnage is calculated. Following 
the items in order the charge of 10.2d. per train-mile for 
fuel is about double what it would have been in England, 
4 coal at 15s. 6d. a ton ~~ obtainable. e- —_ 
three items, viz., repairs engines, repairs to rolling 
stock, and 3s, are undoubtedly light, owing to the 
cheap price of labour. The last item of general charges, 
viz., 5.85d. per train-mile for superintendence, raising 
water, office expenses, &c., is high, a very large proportion 
of the salaries of the superior officers of the establishment 
being charged in this item. When once the train had 
passed its experimental stage, these charges would have 
been divided over a much larger number of engines and 
consequent mileage. As to the important point of repairs, 
the engine repairs proper—i.e., the general renewal of all 
wearin, oy the tightening up and replacing of all por- 
tions of the framework, wheels, springs, &c., which fail 
from the constant vibration—were much lightened at the 
expense of the rubber tyres. The writer thinks he has fair 
grounds for believing that these ordinary repairs and re- 
newals were not so heavy and expensive as those of metre- 
gauge engines used on the Northern State Railway. He 
takes these engines as a standard of comparison because 
this railway was originally laid down on the surface of the 
Grand Trunk road, and the conditions as to dust and mud 
were therefore very similar to those of the train now de- 

In excessively favourable weather—soon after the cessa- 
tion of the rains and before the coating of dust ground up 
from the surface of the metal had become considerable— 
the engines often made several —_ of 56 miles each with- 
out any of the brasses requiring adjustment. But later on, 
when the layer of dust was often 2 in. thick, and often a 
following wind blew the whole dust of a train having sixty 
broad wheels right over the engine, it was impossible to run 
a single half trip of 28 miles without carefully readjusting, 
fitting together, and scraping to a bearing, all the principal 
brasses in the motion proper. Eventually native workmen 
were taught to do this efficiently and thoroughly; and by 
the adoption of white metal linings for many of the wear- 
ing surfaces (which could be easily replaced at the half-way 
repairing shops), the cost of these adjustments of the wear- 
ing parts was considerably reduced ; but throughout it re- 
mained a heavy item, and one which engineers unacquain' 
with Indian dust would think excessive. 

The renewals of broken crankshafts and countershafts 
form a large item of the engine repairs. Mr. Thomson 
always considered that the polished wheel treads of his 
wheels would slip sufficiently within the rubber tyres 
to relieve the shafts of strain when the engine ran 
round slight curves; but althongh the strength of 
these shafts was increased until they became dispropor- 
tionately ponderous, their failure was only a question of 
time. They failed quite slowly—small flaws gradually en- 
larged themselves until the shaft gave way, generally in a 
crank journal, sometimes in the centre of the crank cheek. 
Latterly orders were given to the drivers to run always 
in slow gear, i.e., always transmitting the power through 
the countershaft, and thus putting the whole torsional 


* Paper read at the Glasgow Meeting of the Institution 
of Mechanical Engineers. 
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strain on this, which was a straight iron shaft. The ratio 
of gearing was altered so that the piston speed did not 
need to be unnecessarily increased. This got over the 
difficulty in a measure; as although the countershafts 
always eventually failed, they were straight lengths cut off 
the round bar and were cheap to replace. 

In direct proportion to the improvement of the driving- 
wheel armour, which preverted in a great measure the slip 
of the wheels within the tyres, did the difficulty with these 
shafts increase. It was the writer’s intention to fit to the 
countershafts the differential gear commonly used on trac- 
tion engines, but the cost of this was not sanctioned until 
the writer had left India. 












































Muirhead, his successor, show that on the tyres C and E, 
H and I, most of the wear was due to first few months’ 
running ; later on increased care in management, and im- 
provement in the protecting armour, greatly reduced the 
— and on all these four sets of tyres it became extremely 
small. 

The writer has thought it not out ok pen to put at the 
foot of the Table some carefully no results obtained 
from Mr. John White of Aberdeen, who has been the 
longest and most successful user of rubber-tyred engines 
in England. - From 1870 to 1878 (both years inclusive), his 
engine was 2207 days at work, an average of 245 days per 





year. The miles run were 27,726. The tyres were re- 
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The total working cost is thus shown to be 26d. per train 
mile, or 3.45d. per ton mile of the paying loads actually 
carried which were in one direction only ; under more fa- 
vourable conditions as to back traffic the cost per ton-mile 
would be considerably reduced. 

Speed and Regularity.—Table IV. shows the average 
speed, and number of delays from accident or other causes, 
during the same two periods in 1873 and 1874. The total 
shows 4.6 miles per hour as the average speed of loaded and 
empty trains between terminal stations. This includes al! 

toppages at intermediate stations as well as sweilent 
delays. Every one of these, whether cansed by the envine 
or train, or by repairs to the roads, are recorded against 


































































































As the wear of the rubber tyres is not the least interest- 
ing part of the results arrived at, it has been kept separate 


from the other accounts. Table III. shows the mileage 
run on seven pairs of driving-wheel and six leading-wheel 
tyres, lettered from A to consecutively ; it shows also 
the percentage of wear per 1000 miles, and the insistent 
weight per square inch of cross section in each case. It is 
very instructive to notice how intimately the rate of wear 
is connected with this last figure. When the engines 
carried their own fue) and water the weight per square inch 
10.25% 2240 _ 170 Ib. ; while 
15 x 44x2 

after the water tanks and bunkers were removed it was 


i ow _=116 lb. In the former case the rate of wear 
ox4ix2 


(calculated on the D and F sets of tyres) was 6.85 per cent. 
per 1000 miles; in the latter case (calculated on the 
average of the C and E sets) it was 1.75 per cent. per 1000 
miles. The same calculation approximately holds good for 
the leading-wheel tyres, but toa still greater extent; the 
load of 169 Ib. per square inch of section seeming to have 
a rapidly destructive effect on these tyres of smaller 
diameter. No doubt this was in proportion as the number 
of compressions per minute were greater. The figures 
give the actual average wear of the tyres from first to last. 
The tyres were often measured and weighed, and notes 
taken from time to time of their lessened weight. These 
notes, partly taken by the writer, and after him by Mr 
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paired five times, about 3 in. thickness being inserted into 
the tyres each time. The total wear was 49 per cent. of 
the whole weight of the tyres, or 1.75 per cent. per 1000 
miles, which strikingly coincides with the other figures 
given in the Table. 

As none of the tyres were renewed or repaired in India 
nothing was entered under that heat in the train accounts ; 
therefore, to make Table II.B (the analysis of working 
expenses) complete, a figure has been added calculated from 
Mr. White’s accounts of the cost of rubber-tyre repairs, 7.¢., 
1701. 16s. 7d. _ 1 44, per train-mile, or 0.18d. per ton- 

27,726 
mile. 








the train, and are included in the above average speed. If 
their regular and accidental stoppages be excluded, the 
travelling speed on the road was nearly four miles an hour 
for loaded trains, and eight miles for empty ones. In good 
weather the trains arrived to their time with great regu- 
larity. The two extremes of weather- heavy rains and 
long-continued drought—were equally against good timing ; 
in the first case the driver had against him heuvy roads 
and sopping wet wood for fuel for his engine; in the 
latter the road would be nearly as heavy from thick dust, 
which, rising in dense clouds, »nd penetrating to every 
bearing part, caused heating and cutting of the surfaces if 
speed was attempted. 

Load.—During the sitting of the committee in October, 
1873, a trial was carried out to show the hauling capa- 
bility of the engines on the steepest inclines of that sec- 
tion of the Trunk road. The train consisted of the engine 
‘*Indus’”’ (weight empty, 8 tons 8 cwt.; full, 9 tons 
11 cwt.), a tender and fourteen vehicles, four-wheeled 
and two-wheeled, arranged alternately. The total weight 
of the empty train, including engine, was 28 tons 8 cwt. ; 
the total weight of load carried was 50 tons 6 cwt.; 
and thus the total gross weight of the train was 78 tons 
14 ewt. 

The gradients on the incline were ascertained to be 
2.4 per cent. in the first 100 ft., 3.0 per cent. in the second, 
2.5 per cent. in the third, and soon. The steepest length 
on which the train could be at one time had a slope of 
2.66 per cent., giving 78.7 x 2240 x .0266=4580 lb. as the 
draught of the train due to gravity. 

The draught of the train or resistance due to friction is 
not easy to ascertain exactly. For a macadamised road, 
with good foundation and smooth surface, various writers 
have given figures varying from »; to #5, or from 75 lb. to 
551lb.aton. The trials of the draught of carts and wagons 
by the Royal Agricultural Society of England showed even 
a smaller resistance than 551b., but as these were for 
singled picked vehicles, it is probable that so low a figure 
is seldom obtained. In the case of the trial described, in 
order to get the load on to the train, every vehicle was 
loaded until the springs were down, the axles were forced 
out of square with their bodies, and the axle arms con- 
siderably sprung. It would therefore be not unfair to 
suppose that the resistance was in this case 641b. per ton, 
or 5000 1b. for the entire train. Adding this figure to that 
due to gravity, we get 95801b. as the total resistance of 
the train to be overcome at the peripheries of the driving- 
wheels. 

The weight on the driving wheels was carefully ascer- 
tained to be 15,680 lb., therefore the adhesion developed on 


this trial was pace or .61. The total length of this in- 





cline was 5321 ft.; the distance was traversed in 12 min. 
6 sec., or at the rate of five miles an hour nearly ; and the 
vertical height through which the train was raised was 
66ft. Taking the above figures for gravity and frictional 
resistance, we find tbhat.the engine developed 96 horse 
power actual. The boiler made steam freely, and there 
was ample cylinder power to utilise the sdhesion. 
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TABLE Il.a—Worx1ne or Enotvzs rn First Four Monrus or 1873 anv 1874. oon 8 Ib. to 141b. of water per ton per mile was used by 
2 eng the writer, betog — to —: te Fo 

33 4 Ton MILEAGE. Work1nG EXPENSES. suitable dynamometer, undertook a series of tr ° 

~ : berths menos with tolerable correctness the frictional resistance of the 
Date § Ee ‘ ere a trains ~~ 4 engines. — of known ye 2 ed —_ 
‘ ‘5S F : to a standstill on an incline on a road of very good surface 
ae a heb line WoT Ton Miles.) Total. sy * | ie and regular gradient; the exact gradient was noted at 
ai Trips. Length. = a ‘| which gravity was able to overcome the resistance of the 
; P t | £2:.4a d. a. train, which included the friction of the engine in gear, and 

1578. ° 7 648 anal", 4,500 ne the resistance thus found certainly did not exceed 74 1b. a 
Jenmary a 9 = bo 539 4.700 ton. This apparent paradox is well worth the attention of 
es : = at 687 16.12 5160 (| 217 18 4 28.2 | 3.39 | engineers interested in this matter. 

March... : = = g25 | 8130 ) | Conclusions. — The writer has endeavoured to show 
April ... 1 29 8s a |_| that this series of experiements has been of service in 
cea 7 oe | teaching us : R ; : 

1814. ‘ 9° 734 5.250 1. That on the level roads of India traction engines can 
January Ps 27 28 oe 7180 be relied on to work a service of trains with great regu- 
February 9 s » 5G 15.00 9170 | 39116 8| 24.6 3.27 | larity and at a fair speed; and that goods can be carried 
March... oot ‘ 48 24 1156 7165 at 4 miles an hour, and passengers at 8 miles an hour. At 
Ageil ... ot . oS = - : these speeds the cost of a train containing 15 tons of goods 

dic —|— _ ——— |or about 7 tons of passengers was about 2s. 2d. per train 
— . mile. 
Total and average 6490 51,255 | 709.15 0) 26.0 | 3.32 2. That the rubber tyres, as used in such running, are 





TABLE IT.p—Analysis of Working Expenses. 





Working Expenses. 
1874. First Four —_-— 
































Months. Total | Per Train| Per Ton 
otal, |“ Mile. Mile. | 
7. a d.| d. d. 
Fuel — + 159 13 4) 10.2 1.33 
Repairs to engines | 60 2 4 3.7 0.5 
” rolling stock} 34 6 8 2.15 0.28 | 
Wages ... on .| 46 3 4) 2.7 0.37 
General charges 9311 0} 5.85 0.79 
Total and average ...| 39116 8) 24.6 3.27 
Add calculated wear 
of rubber tyres 1.4 0.18 
26.00 3.45 











With these figures before him the writer wishes to draw 
attention to the horse power required to draw trains on 
macadamised roads. 

If gravity be neglected, as it must be on all-round 
ourneys where the train returns to the starting point, the 
orse power required to propel the train should be 
RxD where R=the resistance in pounds, and D=the 


33,000 
distance traversed in feet per minute. If we make R=—64 


| as above, then .17 horse power is required to draw 1 ton 


at the rate of 1 mile per hour. But as the average con- 


| sumption of feed-water, both in the English experiments, 


and as taken over many months in India, was 13 1b. per 
ton per mile, it follows that the engines used about 
00 

- - 13, or 76lb. of water per actual horse power per 
hour, which is more than 80 per cent. in excess of what they 
probably did use. The only alternative is to suppose that 
R greatly exceeded 641b. But this excess is not due to 
the rubber tyres ; the same calculation can be applied to 
the performance of the rigid-tyred traction engines at the 
Royal Agricultural Society’s Show at Wolverhampton ; 


TABLE III.—Miveaag, &c., INStsTENT WEIGHTS AND RATE OF WEAR OF RUBBER TYRES. 










































































Ea | 2 z 
ag] 2 | #5 | 
B ; ‘s dia. | 
om a9 ies |e8 | 
Description of Wheel 2 eS | R 
and Tyre. - sl is % EMARKS. 
g jas] ecig... 
: a e = Zz 
§ i #4/% E Es 
miles. | Ib. 
Omnibus 5 ft. in diameter| A} 11,200} 140/ .08 | .0072 Not used as drivers—always used without armour— 
wear very slight. 
Eight horse power 5 ft. in , 
diameter by 12.4in. B 2,800 | 135 .032 | .0114 Half mileage run without armour—wear principally 
Fourteen horse power en- | on edges. 
gine, driver 6 ft. in dia- | 
meter by 15 in. by 44 in.) C 4,800 | 116 | .084 | .0175 |More cut by experiments than worn—wear during last 
| 1400 miles quite inappreciable. 
Do. do. D 4,200 | 170]; .22 .0525 Worn down to 3} in. thick ; then laid aside. 
Do. do. y 3,200 | 116 .054/ .0169 (During last 1800 miles wear quite inappreciable— 
| excellent condition. 
Do. do. F 4,000 | 170] .82 .08 ee ridges lengthwise—this set used on English 
trials. 
_ Do. do. 200 | 165 | .82 | .08 Little used, good as new. 
Fourteen horse power steer- | 
ing wheel 4ft in diamete | 
by 12in. by 4in.... cf BD} 62 119 | .094 | .0154 All the wear took place during first 1200 miles, wear 
| during last 4000 miles hardly to be measured. 
Do. do. I 4,950 | 119 | .064 | .0130 |All the wear took place during first 1400 miles, wear 
| during last 4000 miles hardly to be measured. 
Do, do. K 450 | 169 .064 | .0130 Burst through gas forming in substance of the tyre. 
Do. do. L 650 | 169 | .064| .0130 (Burst through gas forming in substance of the tyre. 
Do. do. M 1,100 | 169) .43 .892 |Worn into ridges as F, but in transverse direction. 
Do. do. N 900 | 169) .45 5 Worn into ridges as F, but in transverse direction. 
Mr. White's, 6ft. diameter | Repaired by insertion of a lining five times in nine years 
by 15 ft. by 4} in. «| O | 27,726 | 1307) .49 | .0178 | at cost of 1701. 16s. 7d. 
tolled _TABLE IV.—Spzeps. 5 wine <a 
Train | Hours | Average Speed. 
Year and Month. Miles. |on Road.| Miles per Hour, REMARKS. 
1873. January 618 il2 5.6 Eight delays from trifling causes, total 14 hours—two men 
| run over. 
»» February ... w| 589 122 4.4 |Two delays, 9 hours—malicious accidents. 
>» March Me ‘ae 687 172 4.0 One delay, 4 hours—plummer block collar broke. 
» April... 825 204 4.0 wr delays, 9} hours—all attributable to worn state 
of armonr. 
1874. January | 754 167 4.5 |Three delays, 9 hours—principally due, as above, to 
‘ armour. 
» February 1121 255 4.4 INo delays—weather very heavy. 
» March | 1156 196 5.9 No delays, fine weather and long trips, steady running. 
» April... 780 188 41 Three delays—accidents to rolling stock—otherwise 
running. 
Total ... | 651 1416 460 











of great service in reducing the cost of the ordinary engine 
repairs and in giving uniformity of adhesion, without in 
the least degree damaging the surface of the roads; that 
in return for these advantages the cost of maintaining 
these tyres does not exceed 14d. per train mile. 

It cannot be denied that the question of improved and 
cheapenel haulage on our tramways and streets is one of 
great importance for engineers and to the public. Now 
when we consider the inconvenience to ordinary wheeled 
vehicles of the present system of tramways when laid 
down in crowded thoroughfares, the high frictional resist- 
ance of the cars on the unmechanical tram rail, the 
liability to derangement of all street traffic by the derail- 
ment of the cars or the accidental breakdown of any other 
vehicle on their line; and when we contrast with this the 
traction engine, with its extreme handiness in turning and 
steering, its high adhesion, its minimum of harm done to 
the road surface, &c. ; does it not point to the use of real 
railways of light construction carried as far towards the 
crowded centres as traffic will permit, and from thence 
onwards the hauling of the cars by such engines as have been 
here described, but of lighter construction and capable of 
being readily steered and worked in with the regular 
traffic? 

The writer must crave indulgence for any inaccuracies 
which may have crept into this narrative, as the history of 
the trials has been largely writtenfrom memory. All the 
calculations, however, are from the writer’s notes taken at 
the time, from the committee’s reports, or from copies of 
the engine diaries brought home by Mr. Muirhead, his 
successor, to whom he must here acknowledge his indebted- 
ness for valuable aid in compiling the present paper. 








SoutH AFRICAN STONE.—A quarry containing excel- 
lent stone, suitable for window sills, pavement, and other 
purposes, has been discovered at the 84th mile on the North 
Eastern Railway of South Africa between Alicedale and 
Riebeck-road. 





THe Gas Licut anp Coxe Company.—The half- 
yearly meeting of the company was held last week at the 
chief officein Horseferry-road. The accounts showed that, 
with a slight exception, the cordition of the company 
continued to improve. The regularity of the coal ship- 
ping arrangements had been interfered with by the strike 
of the Durham miners, which, beside the pecuniary 
loss of about 16,0001., threatened at one time to become 
a serious inconvenience to the consumers of the com- 
pany, owing to the probable stoppage of the supply of 
coal. Difficulties occurred in regard to disposing of the 
coke, which for the present was a drug in the market, a 
difference of 23,0001. loss being sustained last half year 
compared with the amount obtained a year ago for the 
same period. The sum realised for tar showed a diminu- 
tion of 17,0001. Massing all the comparative losses to- 
gether they showed a diminished sum of about 60,000. for 
the half year. The directors had recently, for the first time, 
put in operation the auction clauses of their Act of 1876. 
Of 100,0001. ordinary stock of the company put up for 
sale, 69,5001. realised the sum of 121,8651., and the re- 
mainder had been offered to the proprietors of ordinary stock 
at the price of 1751. for each 100). issued. Applications 
had been received far in excess of the balance remaining to 
be allotted. ‘The total sam paid to the company thus 
acquired amounted to 175,240/.; the premium of 75,2401 
would be applied to extending or improving the works of 
the company, and would not be treated as part of the 
capital subject to a dividend. The half-yearly working 
had resulted in a profit which, after providing for all pre- 
ferential claims, would allow of a dividend for the half 
year at the rate of 10} per cent. per annum. The chair- 
man, after entering into details of the accounts referred to 
in the report, drew attention to the remarks of the Select 
Cemmittee of the House of Commons on electric lighting 
which have already appeared in extenso in our columns. 
After adversely criticising the report, he stated that he had 
never apprehended any danger to the interests of the gas 
companies since he had first seen the electric light in Paris 
some 18 months ago. It could not be applied successfully 
as a substitute for gas in a financial point of view. To 
compete with the electric light the Gas Light and Coke 
Company had made a demonstration to the public of what 
might be done with gas, although certainly at a greater 
expense above that of the old system, and referred to the 
light they had at the foot of Westminter Bridge and 
in direct contiguity with the electric light. He aiso re- 
ferred to the improved lighting of Queen Victoria-street 
in the City and other parts of the metropolis. After the 
usual vote of thanks, the meeting separated. 
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THE ASSIMILATION OF PATENT 
LAWS. 

Ir has long been felt there should be an assimila- 
tion in the law and practice in regard to inventions 
amongst the various civilised countries of the world, 
The English Select Committee on Letters Patent in 
1872 not only reported in this sense, but went so 
far as to say Her Majesty’s Government should be 
requested to inquire of foreign and colonial govern- 
ments how far they were ready to concur in inter- 
national arrangements in relation thereto. In 1873, 
the Vienna Patent Congress, after stating that the 
protection of inventions should be guaranteed by 
the laws of all civilised nations, expressed the opinion 
that considering the great differences in patent ad- 
ministration and the altered international commercial 
relations, the necessity of reform was evident, and it 
was of pressing moment that governments should 
endeavour to bring about an international under- 
standing upon patent protection as soon as possible. 
In 1875 the subject was brought before the Hague 
Conference of the Association for the Reform and 
Codification of the Law of Nations in a paper by 
Mr. Lloyd Wise, when an influential committee was 
appointed to consider and report on that and other 
matters. The committee was divided into sections, 
and at the subsequent conference the members of 
the patent section were appointed a separate com- 
mittee, with power to add to their number, and this 
committee gradually became large and powerful. 
We now have before us the result of its labours in 
the shape of a report signed by Mr. A. H. Brown, 
M.P., as chairman, and Mr. Joseph G,. Alexander, 
L.L.B., as honorary secretary. ‘This report was pre- 
sented to the conference held last week in the 
Guildhall, under the presidency of Sir Travers 
Twiss, D.C.L., FRE. The committee, after 
having deliberated on the subject, recognise that it 
seems a at the present time to propose one 
common law upon patents for inventions, on account 
of the numerous points of contact which the subject 





presents with divergent civil, commercial, and 
criminal law in general; nevertheless, itis advisable 
to select a certain number of general principles 
which may be accepted in the laws of all countries. 
It would occupy too much space to give all the reso- 
lutions in full, and it is the less needful to do so, 
since, in some measure, they agree with resolu- 
tions of the Paris Congress of 1878, already fully 
noticed by us. But the resolutions arrived at b 
the committee, and which were adopted last wee 
by a special sectional meeting, and, finally, by the 
conference itself, deal with the whole subject in a 
more complete and practical manner than the reso- 
lutions of the Paris Congress, which, however, it is 
right to say, remain to be supplemented by the 
permanent commission appointed for that purpose, 
and which is composed of a number of sections, the 
English one consisting of Admiral Selwyn (chair- 
man), Sir Henry Bessemer, Sir William Thomson, 
Mr. Gorst, Q.C., M.P., Mr. Olrick, Mr. Lloyd Wise, 
and Mr. J. G. Alexander (hon. sec.). Of these, five 
were members of the committee whose report is now 
under notice. One of the conclusions is that a 
temporary privilege of sufficientduration to insure the 
remuneration of their labours and outlay should be 
accorded to inventors, less in their own interest 
than in that of industry in general. This may be 
taken as having been pretty generally admitted, 
since most civilised countries, having already patent 
laws of some sort, have recognised the expediency 
of granting protection for inventions, and it 
may safely be affirmed such protection was not 
instituted for the peculiar benefit of inventors. 
It is recommended that the fees levied on patents 
should not be larger than is necessary to cover the 
expenses of the Patent Office, and should be levied 
by periodical payments. If the theory be true that 
a patent is a privilege given in exchange for an in- 
vention disclosed or developed by the grantee, and 
that the people at large benefit by the acquisition 
of inventions in this way, it is clearly illogical, not 
to say inexpedient, to specially tax the patentee, 
because, just in proportion as this is done, there is 
a lessening of the inducement held out to those 
who may have valuable inventions to disclose. We 
are not of those who believe that high fees weed 
out nothing but tares, or even that they do weed out 
the tares. The proportion of unmeritorious inven- 
tions patented in countries where the fees are light, 
is not greater than in this country, where the fees 
are heavy, But heavy fees keep many meritorious 
inventions out of the field, and from this cause the 
public is a considerable loser. It is not in the 
public interest that patents should become the 
luxury of the well-to-do, and be beyond the reach 
of inventors of limited means, is has been 
more than once fully recognised, and if, in saying 
the fees levied on patents should not be larger than 
is necessary to cover the expenses of the Patent 
Office, the committee appear to have left the 
matter, in one sense, in a rather indefinite state, it 
must not be overlooked that their resolution clearly 
indicates the principle that ought to govern each state 
in determining the amount of the fees to be charged, 
or that the Select Committee of 1872 deemed 
it sufficient to make the much less definite recom- 
mendation that the duties payable on patents should 
be so adjusted as to encourage inventors to the ut- 
most to make known their inventions, and that their 
primary application should be to the purposes of a 
complete and well-organised record of industrial 
progress, and to an improved establishment for the 
conduct of patent business, Periodical payments 
are advisable, because they serve to remind the 
patentee, if inclined to be negligent of his invention, 
and it is from the activity of the patentee in getting 
his invention into practical use, even more than 
from the mere origination of the invention itself, 
that the public derives substantial benefit. The 
public must be educated to appreciate a new thing, 
the market must be created, and this is the most 
serious task the patentee has to perform, He con- 
fers no substantial benefit on the public by merel, 
taking out a patent for a thing, be it ever so 

and resting on his oars, either in the hope that some 
one will go and ask him for it, or until it happens 
he is able to pounce upon some other inventor who 
may bring the thing out in an improved form, and 
actively and successfully promote its introduction 
commercially. The comenbeaee recommend that, in 
the absence of fraud, the first applicant should be 
deemed the inventor, and that no person, except he 
be engaged in the Patent Office, should, by reason of 
his employment, be debarred from pred: he atents 
for his own inventions. The granting pro- 
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visional protection in respect Beene inven- 
tions exhibited at international bitions, or such 


as are Officially recognised, is approved, and it is 
recommended, con to a resolution of the Paris 
eee that the term during which inventions 
are thus protected should not be deducted from the 
term of the patent. Other resolutions are to the 
effect that provisional protection, for twelve months, 
should be granted on the applicant for a patent 
filing a provisional specification containing an out- 
line description of the nature of his invention, in 
which no details should be required; that no de- 
scription of the invention—except its name—should 
be published before the issue of the patent, except 
as mentioned below ; that the deposit of provisional 
specifications should, if desired by the inventor, be 
allowed to be made at the authorised local office, 
and at the consulates of the various nations, and on 
such deposit at a consulate, and the payment of the 
patent fees, provisional protection should commence 
as if the deposit had taken place in the Patent Office 
of the country represented ; that, prior to the ex- 
piration of the term of provisional protection, if the 
applicant desires to complete his patent, he should 
be required to file a full specification ; that, where 
a patent has been applied for in one country, 
subsequent publication of the invention should not, 
during a period of twelve months, prejudice the 
original applicant’s right to patent in other countries; 
and that, on the filing of the complete specification, 
or the <7 of the term of provisional protection, if 
no complete specification has been filed, the pro- 
visional specification should be published. After the 
filing of the complete specification, and S seatener 4 to 
its publication, it is suggested, the Patent Office 
should examine it, having regard exclusively to 
whether the specification is clear; whether the inven- 
tion is contrary to public morals ; and whether the 
invention is wanting in novelty, regard being had 
solely to prior publications in the Patent Office of the 
country. For the purposes of examination, an inven- 
tion should not be deemed to be wanting in novelty, 
unless a prior publication be fouad which comes 
strictly within one or other of the following condi- 
tions: a. It should be not more than twenty-five 
ears old, and be in the form of a full Oe 77 
identical with the applicant’s description. 4. If the 
rior description be more than twenty-five years old, 
it should be proved that the identical invention as 
claimed by the applicant has been pen used 
within twenty-one years last _. Should some 
parts of the invention come within these objections 
the applicant should be allowed to amend his speci- 
fication ; subject to such amendment, the patent 
should be granted, except in cases of fraud, or when 
the invention is contrary to public morals, Another 
resolution expressly states that the reports and 
opinions of examining authorities, as respects — 
cations for patents, should not be open to the public : 
a — we have repeatedly urged in these columns, 
eRe myrens of provisional specifications one is 
nat ded by experience of the working . 
of the English patent laws, and in this view the re- 
solution above referred to cannot but meet with 
approval. The practice of ao in provi- 
sional specifications has, under some law officers, been 
carried much too far, vee as to have yore Meee 
ment to ntees when preparing their speci- 
fications.” ‘The difficulty appears to have arisen 
in consequence of Rule No, 10 of the Commissioners 
of Patents, dated October 15, 1852, pone arene 
the requirements of the Act of 1852 in calling for 
not merely a description of the nature of the inven- 
tion, but one such as to apprise the law officer of 
the means by which it is to be carried into effect. 
Now, in practice, if an inventor be required to give 


these details it will frequently — that his pro- 
visional specification will describe a different 


combination from that described in his final 
a because he is bound by law in that 
ocument to describe the best way then known to 
him of carrying out his invention, and the experience 
gained during the term of provisional protection 
will often have suggested the leaving out of some 
parts and the addition of others, so that if the pro- 
visional ification in the detailed form 
upon by e authorities be strictly construed, the 
conclusion to be deduced must in such cases 
be that the invention claimed in the final 
specification is different from that disclosed in the 
provisional specification. The suggestion that the 
rovisional specification should be published on the 
ing of the complete specification is one we made in 
reference to one of the recent Government bills, but 





in the matter of examination the committee's resolu- 
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tions go somewhat beyond what we have suggested, 
though we are not disposed to take exception. It is 
undoubtedly advisable to put some limit upon the 
fatal consequences of prior publications, as if the mere 
existence of an old and practically forgotten de- 
scription or specification of a patent taken out many 
years back, and which has expired, is to be fatal, 
even though the public has for years had the option 
of using the invention, and has failed to exercise that 
privilege, it seems to us the result must ere long be 
to strike a serious blow at industrial progress and 
prosperity, for nearly all inventions have been to 
some extent anticipated; but the descriptions, so 
long as they remain merely open to the world, so 
that there is no inducement to any one to practically 
develop and introduce the inventions indicated, 
are as Is cast before swine. It is recommended 
that all patents be granted for a term of twenty-one 
ears ; that a patent should be held to confer an 
indefeasible title to the invention described in the 
complete specification, unless it be proved that there 
exists a prior patent covering an identical invention, 
or that the identical invention has been publicly 
used within twenty-one years prior to the date of 
the patent, or fully described in a publication bearing 
date or printed within twenty-five years prior to 
that date; that where it is proved that the public 
interest requires that a patent should be worked, 
and that the holder of the patent is not attempting 
to meet the demand, and refuses licenses, the 
Legislature should step in to prevent the public 
injury by a special law in each case; and that 
patents granted in different countries should be 
serfectly independent of each other in all respects. 
The suggestion as to working is satisfactory, 
inasmuch as it amounts to a distinct and emphatic 
protest against empowering any individual or body 
of persons short of the Legislature from interfering 
with patent property, and this is a point of far 
greater importance than many suppose. So im- 
portant indeed is it, that, in view of what has recently 
taken place in a foreign country in reference to 
certain patents, we shall probably deal with the 
matter specially on an early day. Meanwhile we 
heartily congratulate the members of the Patent 
Law Committee of the Association for the Reform 
and Codification of the Law of Nations, on the 
satisfactory termination of their labours, and the 
comprehensive treatment the subject of patent 
law reform and assimilation has received at their 
hands, It is to be hoped their recommendations 
will receive the attention they so well deserve on 
the part of those interested in patent law reform, 








THE BRITISH ASSOCIATION. 

Tue forty-ninth annual meeting of the British 
Association for the Advancement of Science which is 
now being held at Sheffield, commenced its session 
on Wednesday last at one o'clock P.M., by a meeting 
of the General Committee, when the Council's re- 
port for the past year, which we print on another 
page, was received and adopted, and the officers 
of sections were elected. We gave on page 132 
of our last number a list of the officers of the 
different sections for the present meeting, but since 
that list was prepared, several additions have 
been made to the vice-presidents, Thus the names 
of Professor Abel, C.B., F.R.S,, F.C.S., and of 
Professor Odling, F.R.S., F.C.S., have been added 
to Section B (Chemical Science) ; that of Mr. W. 
Pengelly, F.R.S., F.G.S., to Section C (Geology) ; 
those of Professor Westwood and Professor Newton, 
F.R,S., to Section D (Biology) ; that of Professor 
Leone Levi to Section F (Economic Science and 
Statistics) ; and those of Mr. William Barlow, F.R.S., 
and Sir Joseph Whitworth to Section G (Mechanical 
Science), 

At two o'clock the committees of sections held 
preliminary meetings in their respective rooms for 
the purpose of considering such papers as had 
already been received, and for arranging the list of 
communications to be read the next day, when the 
real business of the meeting began in earnest. 

The first general or inaugural meeting of the 
Association was held in the Albert Hall in the 
evening of Wednesday at eight o'clock, when the 
retiring President, Mr. William Spottiswoode, M.A., 
President of the Royal Society, resigned the chair 
into the keeping of the President elect, Professor 
G. J. Allman, M.D., F.R.S., who delivered the 
opening address. 

Last night a conversazione of a brilliant cha- 
racter was given to the members and associates 
by the Master Cutler and the Cutlers’ Company 





in the Cutlers’ Hall, and this evening Mr. William 
Crookes, F.R.S., will deliver a lecture in the 
Albert Hall on radiant matter, which we shall 

ublish in extenso next week, and in which some 

ighly interesting facts and results will be an- 
nounced. On Monday evening next there will be a 
discourse in the same hall by Professor E, Ray 
Lankester, F.R.S., on ‘“ Degeneration,” and on 
Tuesday evening, the 26th instant, there will be a 
conversazione given by the Local Committee in the 
Cutlers’ Hall. The concluding general meeting 
will be held at half-past two on Wednesday after- 
uoon next, when the usual concluding formalities 
will be gone through, and the meeting will be ad- 
journed until next year, when the annual meeting 
will be held at Swansea. In connexion with the 
present meeting at Sheffield, Mr, Ayrton, whose 
name is known in connexion with the advancement 
of Japanese science, will to-morrow evening deliver 
a lecture to working men in the Albert Hall on 
‘* Electricity as a Motive Power, with Illustrations, 
including Machinery in Motion, driven by Power 
derived from a Distance, and specially bearing upon 
Sheffield Trades.” 

There is, in connexion with the Sheffield meeting 
of the British Association, a larger number of ex- 
cursions than usual, no less than thirteen such ex- 
eursions being amas for Saturday next and 
eleven for the subsequent Thursday. As these are 
all pleasure excursions it is unnecessary for us to 
give details of them. In addition to these pleasure 
trips there will be excursions to different works, 
mines, and collieries in the neighbourhood of Shef- 
field, and most of the important iron, steel, and 
cutlery works, as well as other factories will be 
thrown open to members of the Association. 

The meeting, so far as it has gone, appears to be 
a promising one, and some communications of a 
highly interesting character are in the lists of papers 
to be read. 





WATER SUPPLY. 

Ir is somewhat remarkable that despite all the 
vaunted science of the nineteenth century, the 
question of national and local water supply of Eng- 
land yet remains to be discussed in reference to its 
final (if possible) solution. Barely second to the 
supply of air in quality and quantity are in im- 
portance the analogous conditions of water. The 
greater portion of humanity in its bodily existence 
is water. If this be inferior in quality the or- 
ganisms and functions must suffer. 

For several years past our columns have been 
devoted to discussing this subject, and therefore we 
are glad to find that, by recent events, the question, 
at least so far as London is concerned, has now 
apparently arrived at a kind of climax. In May, 
1878, and in May of the present year, conferences 
were held by the Society of Arts at the instance of 
the Prince of Wales to discuss the question of what 
has been termed a ‘‘ National Water Supply.” In 
a recently issued report the Council of the Society 
of Arts has issued a pamphlet which, without ex- 
ception, is one of the most valuable contributions 
that has yet been made to the literature of the 
water and sewage questions. In our last volume we 
gave a brief notice of the early and comparatively 
imperfect results of the conference held in last May. 
But in the work recently issued there is scarcely 
anything left untouched in respect to sanitar 
matters. Its contents may be briefly sketched. 
Various essays are given on the general question 
of dividing England and Wales into water districts, 
affording also maps, statistics of area, population, 
&c., to the latest possible dates. Among the papers 
read at the conference last May, some from the most 
eminent engineers, chemists, and medical oflicers, 
are given in regard to methods of securing a sufficient 
supply of pure water. Other papers on the evils of 
impurity and consequent connexion of the questions 
of water supply and sewage are published. The 
various methods of sewage disposal are stated and 
discussed ; returns are given in respect to the con- 
dition and prospects of sewage farms. These with 
other communications on sanitary matters in general 
make the recently issued work a vade mecum to every 
sanitarian. 

Parliament at last has taken up the question of 
the London water supply. On the 13th inst. Mr. 
Fawcett introduced his long-promised motion on 
the subject. After congratulating the Government 
on the fact that they had recognised the importance 
of the question, and thanking them for facilitating 
the discussion of his motion, he entered on its 
general details. Pure water affected the health oj 





the community, and it was hopeless to “0 tem- 
perance if pure water were not supplied. ‘The prac- 
tical questions were whether the quality of water 
supplied to London was sufficiently good ; whether 
the mode of supply was what it ought to be; and 
whether the price was not excessive. In hisopinion 
London was suffering far more from defects in the 
mode of supply, than from defects in the quality, 
because the best water from the purest spring might 
be polluted and hopelessly spoilt if stored as it is 
in the metropolis in tanks, cisterns, &c., open to 
every source of pollution. London obtains its 
supply from eight companies. But of these 51 per 
cent. of the supply was drawn from the Thames. 
Mr. Fawcett then entered into a variety of details 
to show the causes of pollution of London water 
which have been frequently discussed in ENGINEER- 
Inc. The first thing to do was to improve the 
mode of supply, and next to perfect its source. He 
then urged the necessity of constant supply not 
only on the ground of health, but also as a preven- 
tion of large fires. He stated that before Manchester 
had a constant supply, 21 per cent. of the property 
attacked by fire was destroyed; since then the de- 
struction was reduced to 6 per cent. The daily waste 
of water in London, owing to the intermittent 
system, was twice as great as in some towns possess- 
ing a constant supply. He then referred to the 
question of the charges for water in London, show- 
ing that in some cases persons renting houses at 
from 25/. to 30/. per annum, had to pay as much 
as eighteen pence in the pound rental for water, and 
yet had a wretched supply. In London the price 
of water rental was constantly increasing. In many 
instances the water rate had been doubled, and in 
some even trebled. He referred to the Valuation 
Act of 1869, which provided a fresh valuation each 
five years; a circumstance of which the water 
companies had taken every possible advantage, 
although the measure had been simply passed for the 
purposes of the poor rates. The Act had really been 
turned into a lever for increasing the profit of the 
London water companies, whose shares were con- 
stantly increasing in value. In respect to the shares 
of the New River Company, he drew attention to 
the enormous increase in their value of recent years. 
He objected to the monopoly of the water com- 
panies. In regard to gas the case was very different, 
as people had other sources of artificial light. But 
water was an absolute necessity, and its supply in 
London was now in the hands of those whose only 
object was to make profits without the slightest 
regard to the legitimate rights of their customers. 
The Metropolitan Board had already too much in 
hand, and he therefore urged on the Government to 
take the question up. 

Mr. Sclater-Booth, on the part of the Government, 
admitted the truth of many matters urged by Mr. 
Fawcett, but to some extent apologised for the 
metropolitan water companies on the ground that 
they had effected many improvements during recent 
years, including better filtration, extension of the 
constant supply, &c, As regards the price of water 
charged in London, it was below that charged in 
some provincial towns. He agreed that the supply 
of water should be subject to the control of some 
central authority, and believed that efficiency and 
economy would result from following that course. 

It was reserved for Mr. Cross, however, on the 
part of the Government to make a definite state- 
ment on the question. He admitted the truth of 
much that was urged by Mr. Fawcett. As regards 
the question of cost there was no power to control 
the existing companies so long as they kept within 
their statutory limits. He admitted that to place the 
water supply under the control of one central au- 
thority would tend to efliciency and economy. 
The Government had considered the matter most 
thoroughly, and had come to the conclusion that 
there were many reasons why the Metropolitan 
Board of Works was unfitted to undertake the con- 
trol of the water supply of London, and the House 
had endorsed that view. One of the objections— 
and to his mind it was conclusive—was that the 
area to be supplied was larger than that of the Me- 
tropolitan Board. Under these circumstances what 
was to be done? He had already stated that the 
matter deserved not only serious, but immediate con- 
sideration. Things could not be allowed to rest as 
they were. But they must remember that they 
were dealing with an enormous population, and that 
a large amount of money had been expended by the 
water companies. If any such step were taken as 
was shadowed forth by the honourable member for 
Hackney, such a disturbance would be created 
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in the shares and stocks as must inevitably result in 
injury. He (Mr. Cross) was as anxious as any one 
could be that the matter should be investigated, and 
that it should be investigated immediately. He 
would therefore undertake that the whole question 
should be looked into in all its bearings before the 
House met again, to see whether the supply of water 
could be effectually improved for the benefit of the 
inhabitants of London ; whether, if that were done, 
It could be done without seriously increasing the 
cost of the supply to the individual consumer; 
whether the mode of supply could not be vastly im- 


proved ; whether it would be necessary for the 
purpose that the whole of the water companies 
should—of course by agreement—surrender their 
powers to some body which should be appointed by 
the Government, and whether that would be the 
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only way in which, if the companies were dealt with 
at all, they could be dealt with. All he could under- 
take to say was that before Parliament met again 
such an investigation should be made as would, in 
his _— and in the opinion of the Government, 
satisfy both sides of the House. Onething must be 
made clear—that if the Government undertook to 
do anything they would take the companies as they 
found them, and no change in the action of the 
water companies would have the slightest effect 
upon the mind of the Government, He hoped 
every one would clearly understand that if the 
Government did undertake this scheme they would 
base their calculations on the state of affairs in the 
companies as they were on June 30th last. 

This declaration on the t of the Government 
is, so far as it goes, decidedly satisfactory. We 











say advisedly—‘‘ so far as it goes”’—simply because 
the limits of the inquiry are in the hands of the 
Government, who will naturally follow, to some ex- 
tent, the course already laid out by preceding Com- 
missions and other authorities, It must also be 
borne in mind that the water and gas interests in 
Parliament have great influence, and, under such 
circumstances, it must not be expected that any 
rash attempt will be made to injure the position or 
prospects of the holders of water shares. 

e have to express the hope that we shall have 
no more Royal Commissions on the subject. The 
last report of the Rivers Pollution Committee 
treated the question of water supply almost ex- 
haustively. if any additional information be re- 
uired, it may be obtained from the report of the 
society of Arts, which has been briefly summarised 
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at the commencement of this article. The difficulty 
in respect to London is that there is no central au- 
thority of any kind. It has the Corporation of the 
City proper, the Metropolitan Board as a general 
pa Barve and the quarrelsome vestries as local 
authorities. But a week or so ago the Metropolitan 
Board of Works and the Gas Light and Coke Com. 
pany were each foiled in their attempts respectively 
to carry out experiments in electric and gas light- 
ing. A case appeared recently in which a City 
church, being bodily placed in two parishes, in- 
volved the churchwardens in difficulty. One set 
advised improvements, and the other opposed. An 
improved mode of sweeping the streets of one part 
of London, about half a mile in extent, required 
the assent of four separate vestries before operations 
could be commenced. In fact theoretically, if not 
practically (because of the inconvenience to the 
vestries themselves) a man, standing on his stair- 
case, might have one leg in one parish, and the 
other in its neighbour. Truly, a government thus 
divided against itself neither can nor ought to 
stand. What facts can more fully prove the neces- 
sity of a central authority in regard to the Metro- 
politan water supply ? 

In connexion with the water supply question an 
exhibition was opened last week at the Alexandra 
Palace, Muswell Hill. This was done no doubt with 
the best intentions. But it is at present in so crude 
a condition that a detailed notice of it would do 
more harm than good to its object. When in a 
more complete state we purpose to give a description 
of the exhibits. 








GLASS SLEEPERS. 

A NEW and somewhat singular material for rail- 
way and tramway sleepers has lately been introduced 
into this country, this material being glass toughened 
by a process discovered by Mr. Frederick Siemens, 
of Dresden. Owing to Mr. Siemens’ patents for the 
most recent improvements in his processnotyet being 
completely secured, we must postpone for the 
— any details of the toughening process itself, 

ut we may state that its effect appears to be to 
secure a product differing essentially from glass 
toughened by the well-known process of M. de la 
Bastie, inasmuch as when broken it does not fly 
to pieces like glass treated by the Jast-mentioned 
process, but merely fractures somewhat like cast 
iron. The material used by Mr, Siemens for his 
sleepers is glass of the commonest kind moulded 
to any desired form. The sleepers are being 
introduced into this country by Mr. Hamilton 
Lindsay Bucknall, who has lately laid some of 
them on the line of the North Metropolitan 
Tramways at High-street, Stratford. ‘lhe sleepers 
in this case are of exactly the same section as 
the wooden longitudinal sleepers they have replaced, 
namely rectangular, 4 in. wide by 6 in. deep, the 
upper side being moulded so as to accurately fit the 
rails. They are laid in lengths of 3 ft., and to avoid 
the danger of settlement at the joints, bearing plates 
10 in. by 5 in, by 1} in. are placed at these points, 
these plates being also utilised for effecting the 
securing of the rails by a fastening which obviates 
the necessity of moulding any hole in the glass, We 
may add that samples of the sleepers above men- 
tioned have been tested by Mr. Kircaldy, and their 
average breaking weight when resting on supports 
30 in. apart has been found to be about 5 tons, this 
being probably about two-thirds of the resistance 
which would be afforded by a good pine sleeper of 
similar dimensions. 1t must, however, be borne in 
mind that whereas the timber would become depre- 
ciated by use, the glass promises to be practically 
indestructible by moisture, &c. 

At the works of Mr. William Henderson, a plate 
of Mr. Siemens’ toughened glass 9 in. square by 
14 in. thick, imbedded in gravel ballast 9 in. deep, 
and having on its top a wood king } iu. thick, 
and a piece of rail, was subjected to the action of a 
falling weight, the blows being delivered on the 
rail. The weight was 9 ewt., and blows were suc- 
cessively delivered by letting this weight fall from 
heights of 3 ft., 5 ft. G6 in., 7 ft., 10 ft., 12 ft. 6 in., 
15 ft., 17 ft. 6 in., and 20 ft. Under the last men- 
tioned blow the rail broke, the glass, however, 
being uninjured. As a higher fall could not be 
obtained, and a greater weight was not available, a 
smaller section of rail was substituted for that pre- 
‘viously employed, and the glass was broken by a 
second blow of the 9 cwt. falling 20 ft., the plate 
being driven through the ballast into the hard 
ground, A cast-iron plate, 9 in. square and } in, 





thick, tested in a similar way, broke with a blow 
from the 9 ewt. weight dropped 10 ft. 

The cost of the toughened glass is stated to be 
about the same per ton as that of cast iron, but as 
its specific gravity is only about one-third that of 
iron, the cost of any article of given dimensions is 
of course materially less. The material has as 
yet been too recently introduced, and too little is 
known of its characteristics, to enable any very de- 
cided opinion to be formed as to its future capa- 
bilities ; but the results of the experiments so far 
made with the material are certainly of an exceed- 
ingly promising character, and the further develop- 
ment of its application will be watched with much 


interest, 








FATAL BOILER EXPLOSIONS. 

RatN-drops do make impressions on stone, but it 
takes a long time to produce any marked effect in 
this way. It seems to us that even as rain-drops 
upon mountain masses, so are fatal boiler explosions 
upon the stony heart of a commercial public. The 
boiler of the steamer Black Swan exploded a month 
ago, killing four men. Now the remarkable fact 
about this is that the explosion occurred about the 
same place, Yarmouth Roads, as the explosion of 
the Druid’s boiler in 1872; the inquest was held 
before the same coroner, we suppose, at Yarmouth, 
and the cause of the explosion was the same 
in both cases, the reprehensibly careless applica- 
tion of cupped patches over stay ends, ‘These 
patches are sometimes the only available mieans of 
stopping a leak temporarily, but they ought never to 
be considered an efficient repair of a boiler. Mr. 
Samson of the Board of ‘Trade, and Mr. Flannery, 
consulting engineer, gave evidence to show that the 
boiler was, at the place of the explosion, namely, 
the back plate of one of the combustion chambers, 
very much worn, and the plate ought to have been 
renewed years before. The boiler is 8} years old, 
and for years these patches have been added one 
after another, until quite recently two were added, 
making five altogether in one nest. The verdict 
of the coroner’s jury was “accidental death.” 
The judgment of the court of inquiry held by the 
Board of ‘Trade at Newcastle is under five heads as 
follows : 

1. Proper precaution had not been taken by the 
engineer to keep the boiler efficient, the evidence 
being conclusive that cup patches should not have 
been left on. 

2. The engineer was not justified in allowing two 
contiguous cup patches to be added to the three 
already existing. 

3. ‘The engineer was not justified in allowing the 
safety valve to be weighted to 54 lb. 

4. The boiler was not in proper condition upon 
arrival in the Tyne in May last, when the last two 
patches were added. 

5. On the whole, cupped patches should be re- 
garded as but a temporary repair, and the sanction- 
ing of their use had been the cause of the accident. 

We have not the least doubt but that we shall have 
to give yet more such reports of fatal explosions 
before these monitions will be taken seriously by 
surviving engineers. ‘The boiler of the Black Swan 
was not under Board of Trade survey. 





THE PAWTUCKET PUMPING ENGINE, 

WE give this week a two-page engraving showing a 
side elevation of a compound pumping engine at Paw- 
tucket, U.S.A., designed and erected last year by Mr. 
George H. Corliss, of Providence, Rhode Island. The 
engine possesses some striking peculiarities, but we 
postpone our description of it and its performance until 
the publication of further engravings, which we shall 
give in an early number. 








THE IRON AND STEEL INSTITUTE. 

We understand that the Iron and Steel Institute has 
received an invitation from some of the most influential 
steel makers on the Rhine to hold its autumn meeting 
of 1880 at Diisseldorf. The initiative in the matter has 
been taken by the members of the Iron and Steel 
Trade in that neighbourhood, who are also members of 
the Iron and Steel Institute. We also understand that 
in the autumn of next year an important Exhibition of 
Arts, Science, and Industry will be held at Diisseldorf, 
so that the time mentioned would be peculiarly oppor- 
tune for the meeting of the Iron and Steel Institute. 
The members of the Institute will no doubt have the 
above-mentioned invitation submitted to them at their 
meeting at Liverpool next month, and we sincerely trust 
that it may be accepted. All familiar with Diisseldorf 
well know that it forms a most convenient centre from 
which excursions can be made to a number of important 





and interesting iron and steel works, while its position 
on the Rhine would readily enable a very pleasurable 
excursion of a less strictly professional character to be 
arranged for. 








THE BRITISH ASSOCIATION. 


Report of the Council for the Year 1878-9, presented to 
the General Committee at Sheffield, on Wednesday, 
August 20, 1879. 

Tue Council have received reports during the past year 

from the —_ treasurer, and his account for the year 

will be laid before the General Committee this day. 

The Council have been compelled, in consequence of the 
limited space at their disposal at the office in London, to 
consider how far it would be possible to reduce the number 
of the old annual volumes of the reports of the Association 
in stock, and have resolved : 

1. ‘* To reduce the stock of volumes in each year to 200 
in number, by throwing into waste or otherwise disposing 
of (as the general officers may think best) all those 
exceeding 200 up to the year 1848 inclusive, and by throwing 
into waste all those exceeding 200 in subsequent years, 
except the index 1831-61.” 

2. ** To offer to one or more publishers single volumes 
1831-48, at one-third publication price ; those 1849-71 at 
one-half publication price, for which purpose, if necessary, 
to reprint the volume for 1850; and those 1872-77 at two- 
thirds publication price ; also sets 1871-77 at one-third 
publication price.”’ 

3. ‘To offer the reports to members at the same rates as 
before, with the additional! offer of sets 1849-71 at one-half 
publication price.” 

The Council have also had under consideration the 
question of their library, for which there is no adequate 
space in their present London office. They have, therefore, 
decided to recommend that in future a library shall not be 
maintained at the office of the Association, and, in order to 
afford facilities to the members of the Association for con- 
sulting works of reference as fully as they have hitherto 
enjoyed, they have made an arrangement with the University 
of London, whereby the books belonging to the Association 
will be deposited in the library of the University at Bur- 
lington House, upon the following conditions : 

1. One copy of every book transferred by the Association 
to be kept in the library of the University. 

2. Members of the Association, on presenting an intro- 
duction from one of the general officers or the assistant 
secretary, to be permitted to consult the library of the 
University. 

The Council recommend to the General Committee : 

** That in each section, and in each department of a 
section, one of the secretaries be appointed ‘ recorder.’ ”’ 

‘That such recorder shall be requested to furnish the 
assistant secretary, before the conclusion of the meeting, 
with a copy or abstract of every paper read in his section 
or department.”’ 

In order to increase the facilities for issuing the annual 
reports at an early date the Council propose, in case the 
General Committee should concur in this recommendation, 
that in future it shall be an instruction to the general 
officers to issue a notice to the reporters of all Committees, 
and to all other persons who are likely to read papers at 
any meeting of the Association, requesting that all reports, 
and abstracts of all papers intended to be read in the 
sections, may be sent to the assistant secretary not later 
than four weeks before the meeting, in order that, if 
approved of by the Organising Committees, they may be 
put in type before the meeting; and that authors who 
comply with this request, and whose papers are accepted, 
shali be furnished, before the meeting, with printed copies 
of their reports or abstracts; also that no report, paper, or 
abstract be inserted in the volume unless it is in the 
assistant secretary’s or recorder’s hands before the conclu- 
sion of the meeting. 

The invitation from York for 1881, received last year, 
will be renewed on the present occasion, and the Council 
have also to announce an invitation from Leicester for 1882 
or 1883 will be likewise presented. 

The following resolutions were referred by the General 
Committee at Dublin to the Council for consideration and 
action if it should seem desirable. 

1, ‘‘ That the question of the reappointment of the Com- 
mittee, consisting of the Rev. H. F. Barnes-Lawrence, Mr. 
Spence Bate, Mr. E. Dresser (secretary), Mr. J. E. 

ing, Dr. Gwyn Jeffreys, Professor Newton, the Rev. 

Canon ‘l'ristram, and Mr. G. Shaw Lefevre, for the pur- 
pose of inquiring into the possibility of establishing a ‘ close 
time,’ for the protection of indigenous animals, be referred 
to the Council for consideration ; and that the Council be 
empowered to take such steps in the matter as they shall 
think most desirable in the isterests of science.’’ 

The Council decided that the Committee should be re- 
he aga and that in case of any action being required 
before the next meeting of the Association, the Committee 
should be instructed to report to the Council thereon. 

2. ‘* That the attention of the Council of the Association 
be called to the fact that the recommendations of the Royal 
Commission on Science have been altogether disregarded in 
the Act lately passed to enable the Trustees of the British 
Museum to remove the Natural History Collection to South 
Kensington, and that the Council be requested to take such 
steps in the matter as they shall think most desirable in the 
interests of science.’’ . 

The Council drew up a memorial to the First Lord of the 
Treasury, calling the attention of Her Majesty’s Govern- 
ment to this question, and requesting Lord Beaconsfield to 
receive & as ase nar from the Council to present the 
memorial. rd Beaconsfield having been obliged to 
decline to receive the deputation on account of the press 
of public business, the memorial was forwarded to him at 
his request, and a reply has been received, which, together 
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with the memorial, is given in the Appendix (1) to this 


report. 

3. “* That the question of the appointment of a Com- 
mittee, consisting of Mr. James Dillon, Mr. Edward Easton, 
Mr. P. Le Neve Foster, Captain Douglas Galton, Mr. T. 
Hawksley, Sir John Hawkshaw, Professor Hull, Mr. 
Robert Manning, Professor Prestwich, Professor Ramsay, 
Mr. C. E. De Rance, the Earl of Rosse, Mr. W. Shelford, 
Mr. J. N. Shoolbred, Mr. John Smyth, Jun., Mr. G. 
Symons, and Mr. A. T. Atchison (secretary), for the pur- 
pose of conferring with the Council as to the advisability of 
urging Government to take immediate action to procure 
unity of control of each of our principal river basins, be 
referred to the Council for consideration and action if it 
seem desirable.’’ 

The Council resolved that it did not seem to them desir- 
able to take any action in this matter at present. 

The Committee which was appointed last year for the 
—_ of watching and reporting to the Council on patent 
egislation made a report to the Council, which is given 
in Appendix IT. 

A deputation of the Council and certain other members 
of the Association waited on the Attorney-General on May 
27th with the report, and urged the passing of the Patent 
Law Amendment Bill, with certain modifications. The 
Bill was subsequently withdrawn. 

The Council announce with great regret the loss that 
they have sustained during the past year by the death of 
Mr. William Froude, F.R.S. Sne vacancy having been 
thus caused in their body, there remain only four names 
which it is necessary to remove from the list. 

The Council propose that, in accordance with the re- 
gulations, the four retiring members shall be the follow- 


ing : 
Mr. F. J. Bramwell, C.E., F.R.S. ; Dr. W. Farr, F.B.S. ; 
Mr. W. Pengelly, F.R.S.; Professor J. Prestwich, F.&.S. 
The Council recommend the re-election of the other 
ordinary members of Council, with the addition of the 
gentlemen whose names are distinguished by an asterisk in 
the following list : 
Ordinary Members of the Council. 


Mr. F. A. Abel, C.B. F.R.S. ; Professor W. G. Adams, 
F.R.S.; Mr. W. H. Barlow, F.R.S.; Professor Cayley, 
F.R.S.; Mr. E. Easton,* C.E.; Captain Evans, C.B., 
F.R.S.; Mr. J. Evans, F.R.S.; Professor G. C. Foster, 
F.R.S.; Mr. J. W. L. Glaisher, F.R.S.; Mr. J. Heywood, 
F.&.S.; Mr. W. Huggins, F.R.S. ; Professor T. Hughes,* 


Mr. J. Gwyn Jeffreys,* F.R.S. ; Mr. George Shaw Lefevre, 
M.P. ; Professor N. S. Maskelyn, F.R.S. ; Mr. W. New- 
march,* F.R.S. ; Professor A. Newton, F.R.S.; Admiral 
Sir E. Ommaney, C.8., F.R.S.; Lord Rayleigh, F.R.S. ; 
Professor G. Rolleston, F.R.S.; Professor H. E. Roscoe, 
F.R.S. ; Dr. W. J. Russell, F.R.8.; Professor J. S. Burdon 
Sanderson, F.R.S.; Mr. Warrington W. Smyth, F.R.S. ; 
Mr. H. C. Sorby,* F.R.S. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market. — Yesterday there was a 
thin attendance on ’Change at Middlesbrough, but the tone 
of the market was better. Since our last notice there has been 
a gradual improvement in prices, and during the latter part 
of the week makers predicted that No. 3 Cleveland pig would 
be 35s. per ton on Tuesday. The market yesterday was 
certainly much stronger, but not quite equal to the expec- 
tations of makers. They asked 35s. net cash, and parcels 
changed hands at 34s. 6d. It is expected that with slight 
fluctuations the upward tendency will continue. Messrs. 
Connal and |Co., the warrant storekeepers have in stock 
81,900 tons in Cleveland, and they are receiving a small 
quantity of pig iron daily. 

The Finished Iron Trade.—To-morrow the Board of 
Arbitration for the manufactured iron trade of the North 
England will hold a meeting at Darlington to discuss the 
proposed reduction of 15 per cent. in the wages of the higher 
paid workmen. Mr. David Dale, president of the British 
Iron Trade Association is arbitrator. After the Board 
have disposed of this question they will decide when they 
will meet to discuss the proposed general reduction of 5 per 
cent. in the finished iron trade throughout the North of 
England. Efforts will be made to get the matter speedily 
and amicably settled. There are firms who recently severed 
their connexion with the Board of Arbitration, so that they 
might deal with their men in their own way, and there are 
some firms connected with the Board who sometimes try the 
same thing. Although there is a surplus supply of labour 
in this country just now, the Board of Arbitration is 
certainly the most just tribunal for arranging the wages 
question, and when trade improves employers who have 
not been loyal to the Board, will not only recognise the 
“eT and power of it but will seek readmission as members. 

n all departments the finished iron trade remains flat. 
From all parts the reports are more favourable, but there 
has been no practical indication of improvement here, prices 
being still low and orders most difficult to sccure. 


The Eston Steel Works.—Messra. Bolckow, Vaughan, 
and Co. have given fourteen days’ notice to their men at 
the Eston Steel Works to terminate all engagements. The 
company intend to reduce the wages, but they have not yet 
intimated what the reduction will be. Comparatively few 
hands are required in the production of steel rails, and it is 
expected that if the workmen refuse to accept the reduction 
of wages, the company will in the present state of the labour 
market be able to obtain a sufficient number of men to 
enable them to carry on the works. 

Engineering and Shipbuilding.—Throughout the North 
there is less activity in shipbuilding and engineering. 
Although prices are extremely low orders cannot be had to 
keep the various works in full operation. Ironfounders 





continue to be fairly busy. In the Middlesbrough district 
pipe makers have a large quantity of work in hand. 

The Coal and Coke Trades.—There is no alteration in 
the coal and coke trades. No marked improvement is ex- 
pected until the iron trade is more active. 

The Prospects of Trade.—The general opinion of people 
respecting the prospects of trade is that the worst of the 


J. | depression has passed, and that the road to prosperity has 


There are persons, however, 
many ups and downs before 
anything like prosperity is seen in Cleveland. It must be 
admitted when half the works in the district are idle, a 
considerable time will be required before orders can be 
obtained which will set the whole of the furnaces and 
finished works in operation. 


NOTES FROM THE SOUTH-WEST. 

The Tin- Plate Workers.—A meeting of tin-plate workers 
was held at Swansea on Saturday, when there were 200 
delegates present, representing 41 works and 190 mills. A 
proposed reduction in wages was discussed, and it was 
finally resolved that, as the masters seemed to be disposed 
to meet the delegates amicably, they should do nothing in 
the matter until to-morrow (August 23). 


Coedcae Colliery.—The Coedcae Colliery Company have 
succeeded in reaching the celebrated 9 ft. seam of steam 
coal at their new pit at Coedcae, Twm Cefn Prys, near 
Hafod, Rhonnda Valley, in addition to which the No. 3, 
the2 ft. 9in., and the 4ft. 6in. seams have been found 
to exist. The enormous wealth of coal now ascertained 
to be in the hands of this fortunate company will be seen 
from the fact that they have secured it over an area of 
1300 acres. 


Cardiff.—The general trade of the port for the past week 
has been fair, both in exports and imports. The demand 
for iron is better than for some time past, some large con- 
tracts having been booked for the United States. Others 
are also in the market. The demand for both kinds of coal 
is also improving ; the returns, however, show a decrease in 
the quantity shipped foreignwise of 3977 tons as compared 
with the previous week. There was also a decrease of 
1761 tons in the quantity of iron shipped last week, but a 
slight increase in the quantity of patent fuel exported. 


Swansea.—An upward tendency has been observable in 
the tin market. 
of spelter, but prices are well maintained. The copper 
market has slightly improved, but there has been no great 
advancein value. There is nothing fresh to be noted in the 
steel market. 


Wages on the Taff Vale Railway.—On Saturday about 
twenty men, said to include the principal workmen in the 
west yard, gave in notices in consequence of an intention to 
reduce the wages of the men 5 per cent. At the Cathays 
the men have all accepted the reduction. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Suggested Tidal Canal.—A project of a most important 
character has been broached, having for its object the con- 
necting of the midland coalfields with the sea by means of 
a huge canal which large steamers could traverse. Asa 
central terminus Bawtry has been selected. It is = 

sed to provide two short lines of railway, one extending 
om Shireoaks to Bawtry, 10 ‘miles, and the other from 
Rotherham to Bawtry, 14 miles ; communication would 
thus be gained with the important lines. It is stated that 
the ti navigation would be entirely free from the 
existence of any lock, and would consist of 154 miles of the 
River Trent from Whitton to Owston, which would have 
to be straightened, widened, and deepened, and 123 miles 
of new tidal and navigable cut or channel from Owston to 
Bawtry. As the district to be traversed is a low-lying 
fen, level, and below the level of high water, the excava- 
tion necessary would be reduced toa minimum. The pre- 
sent coal rate from South Yorkshire to London is 8s. 6d. 
per ton, but by the pooqened navigation it would be 4s. 

r ton from Bawtry. e are informed that Mr. H. 
Fulton, is the engineer of the undertaking. 


A Singular Speculation.—A circular of a novel character 
has been issued in Derbyshire. It proposes to “ raffle’”’ 
certain interests in a colliery near Chesterfield for the 
purpose of raising additional capital to enlarge the workings. 
The names of several private parties, and of the Chester- 
field and Derbyshire Institute of Mining Engineers, have 
been most unwarrantably used in connexion with the affair. 
Mr. W. F. Howard, the secretary of the latter Association, 
repudiates the scheme, and considers the introduction of 
the name of the Institute in this manner a gross piece of 
impertinence. 

Scarborough Water Supply.—The Corporation of Scar- 
borough has resolved to increase its present waterjsupply by 
extending the existing works rather than by drawing water 
from Jugger Howe, which was proposed and seriously in- 
tended. 


Steel Rails.—We are informed that an order for 
15,000 tons of steel rails for Canada has just been secured 
by Messrs. Brown, Bayley, and Dixon, of Sheffield. The 
contract has been carried in the face of determined 
American opposition. 


FOREIGN AND COLONIAL NOTES. 

Turning the Sahara into a Lake.—Foreign scientists are 
indulging in some speculation just now concerning the effects 
of making a great lake in the Desert of Sahara. Ata 
recent meeting of the French Geographical Society at Paris, 
Dr. Cosson, a member of the Institute, combated the scheme 
with numerous arguments. He did not believe the climate 
of the interior of Africa would be changed by the artificial 
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sea. Its shores would be as arid as those of the Mediter- 
ranean in Tripoli; but if the climate should change, the 
date crop, which is the principal support of the natives, 
would be ruined. The routes of the caravans from Tunis 
and Algiers to the interior would also be destroyed, and 
the whole inland trade deranged. Dr. Cosson pre- 
dicted that the pressure of the mass of water would pro- 
duce perturbations in the subterranean currents which 
feed the artesian wells in the oases, and might cause them 
to fail, and thus entail the loss of hundreds of thousands of 

Im trees. is views as to the climatic influence of a 

haran Sea were opposed by other members of the society. 


American Machinery in England. —Messrs. Totten and 
Co., of Pittsburgh, have just received their fifth recent 
order from England for machinery. The chief demand for 
the English market is for nail machines for cutting both 
iron and steel, and for hollow chilled rolls. This firm have 
made more nail machines for England than any other 
American maker. They are also the only manufacturers 
under United States patents of the hollow chilled rolls. 


Geelong.—Sir John Coode has submitted alternative 
designs for improving the entrance to the inner harbour. 
No. 1 is an entirely new cut, which would cost 64,4701., and 
the other (No 2) contemplates the retention of the line of 
the present South Channel, with an increase of its 
capacity, the estimated cost being 36,7301. Sir John adds, 
‘* Whether the saving of distance and general convenience 
by the adoption of design No. 1 would be of such import- 
ance as to warrant the additional outlay, isa matter upon 
which the nautical advisers of the Victorian Governmen 
will be better able to pronounce an opinion than I can be.’’ 


A New Russian Shell.—Naval circles in St. Petersburg 
have been much occupied with a discovery intended to 
supersede torpedo boats. A chemist in the Russian capital 
has invented a bombshell charged with dynamite which can 
be projected a distance of 200 yards, and explodes from the 
shock either against the vessel or the water, and produces 
terribly destructive results. The use of these shells is said 
—e dangerous than torpedoes and much more econo- 
mical. 


Iron Making in Georgia.—The Atlanta Georgia Rolling 
Mill has, since last November, been under the 
ment of Mr. Grant Wilkins, of the Atlanta Bri Works 
Wilkins, Post, and Co.), and it is now manufacturing 
rails, fishplates, merchant bars, and bridge iron. The 
illemploys 500 men, and is running full double turn, 
having orders on hand for the Houston and Texas 
Central Railway, the Hartwell Railroad, the Macon 
and |Brunswick Railroad, the Cheraw and ,Chester Rail- 
road, the Mobile and Girard Railroad, the Charlotte 
Columbia, and Augusta Railroad, and the Atlantic and 
West Point Railroad, besides three other roads. The orders 
for bar iron are in excess of the productive capacity of the 
com Their present orders will keep the works busy 
until November. 


Steam Shipbuilding on the Delaware.—At the works of 
Messrs. William Cramp and Sons, trade seems to be brisk. 
Messrs. Cramp have been employing 1000 men for the last 
two months, and will need them until the winter. Besides 
a large amount of engine and boiler work, the Cramps have 
in hand an iron screw freight vessel for Morgan’s 
Louisiana and Texas Steamship Company, to run between 
New York and New Orleans, for cotton. Her carrying 
capacity will be 8000 bales. Her dimensions are as follows : 
340 ft. long, 42 ft. beam, and 31 ft. deep. The cylinders 
are 35 in. and 70 in. diameter, with 44 ft. stroke of piston. 
The vessel will be fitted up with five steam cargo-hoisting 
engines and a steam wi » ca — i 
gear. The propeller will be of steel, 16 ft. in diameter 
‘The vessel is ex to attain a speed of 114 knots 
hour, and will ready by November. She will be 
largest freight steamer ever built in the United States. 
Messrs. Cramp Sons have also on the stocks a Spanish 
vessel, which they are about practically to rebuild, furnish- 
ing her with new machinery, deck, screw, masts, &c., and 
guaranteeing an average speed of 124 knots per hour. 


Toe New Eppystone LigurHovuss.—On Tuesday 
last, the 19th inst., the foundation stone of the new Eddy- 
stone Lighthouse was laid by the Duke of Edinburgh as 
head of the Trinity Board ; the Prince of Wales being pre- 
sent. The circumstances which have led to the commence- 
ment of a new lighthouse destined ultimately to replace 
the nees Hee of ag ene ay detailed in a 

per y Mr. James N. Donglass, the engineer of the 
Trinity House, 1 before the British Association in 1877. 
bi paper will be found on page 217 of our twenty-fourth 
volume. 

THE page agp ele ope Na name of the “ chro- 
mograph’”’ the romograp mpany, of Farringdon- 
street, have lately introduced a very simple and anpediant 
apparatus for reproducing manuscripts, plans, |&c. The 
arrangement consists of a shallow zinc box containing a 
white composition similar in feeling to that used for the 
inking rollers of printing machines. The writing which it 
is desired to reproduce is written in the ordinary way on 
any paper, but with a special ink. When thus written it 
is laid writing downwards on the slab of composition above 
mentioned, and the hand is lightly passed over it. After 
being allowed to remain about a minute it is removed, 
when the slab will be found to have received a transfer of 
the writing. From the slab thus prepared some forty to 
fifty copies can be printed osle by laying any oieey 
paper on the slab, smoothing it down lightly by the a 
and allowing it to remain two or three sec . Nore- 
pr tion of the slab is required, and when it is done 
with the slab is simply cleaned off by washing. The 
arrangement is altogether an extremely handy one, and 
a ao —_ Pag mean: into - = Tt can oe 

eq appli e uction of tracings i 
are inked | in with the special ink. 
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TECHNOLOGICAL EXAMINATIONS.—The results of the 
first tecknological examinations held by the newly-formed 
City Institute for Promoting Technical Education have 
just beén published. These examinations were established 

the Society of Arts in 1873, and at the beginning of the 
present year they were transferred to the Institute. The 
number of e i was of whom 151 
satisfied the examiners in 


202. 
\ These candidates 
were examined in seven different subj : Cotton manu- 


WYK 
<a 


= 


Yi 


Wis 


o> 


_— 


© 
i 
y) 
T@| 
| 


~ 


~ 


NS 





facture, mannfacture of steel, &c., gas manufacture, wool 
dyeing, alkali manufacture, telegraphy, and qualitative 
blowpipe analysis. ides these subjects there were nine 
other —— in which it was announced that examina- 
| or ng twee Paper yes poet a — 
acture, carriage building, and poi in, glass 
manufacture, cloth manufacture, si dyeing, calico bleach- 
ing, &c., and photography. In these no candidates presented 
themselves. Thesecandidates were examined at twenty- 
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three different centres in various parts of the kingdom, in- 
cluding Oldham, Crewe, Manchester, Dublin, Liverpool, 
Preston, St. Helen’s, Halifax, Cardiff, Bolton, Hudders- 
field, Blackburn, Redruth, and London. Inthe programme 
of examinations for next year, which will shortly be issued, 
many important alterations have been made, and it is 
expected that the offer of payments to teachers of suc- 
cessful candidates will attract many more candidates than 
have yet appeared. 
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STEAM DREDGING IN INDIA. 


On the Construction and Working of a Vertical Action 
Steam Dredger in India.* 


By Mr. R. B. Bucxtey, of the Indian Public Works 
Department. 

Tue dredger which this paper proposes to describe is one 
recently constructed by Mr. Charles Fouracres, engineer 
in the service of the Government of Bengal. The dredger 
was first put into regular work in the Patna Canal in 
Bengal under the direction of the author, who from time 
to time personally inspected the working of the machine, 
and verified the observations on which the facts given in 
this paper are based. Another dredger on the same 
principle is also working in the Arrah Canal in Shahabad, 
and one or two more are in course of construction, one for 
the Midnapore Canal near Calcutta, for the purpose of 
clearing out the silt which annually blocks the heads of 
most Indian canals. 

Description.—The general arrangement of the dredger, 
as it has hitherto been made, is shown in Fig. 5 (page 156), 
The peculiarity consists in the machinery, and in the 














attached to the angle-iron which is rivetted to the right 
scoop, and the chain on the left hand of the s to the 
angle-iron which is rivetted to the left scoop. These chains 
then cross each other, as it were, around the sheaves QQ; 
and since the semi-circular angle-irons also cross one 
another at the same point, the chains, when placed in 
tension, tend to close the scoops upon one another into the 
position show in Figs. 2 and 3. The angle-iron which is 
rivetted to the one scoop wraps itself round the other scoop, 
when the bucket is opened into the position shown in Figs. 
land 4. Both of these angle-irons are carefully chipped 
and filed to a segment of a true circle on their upper edges ; 
these edges bear against two friction rollers which revolve 
on the same pin which carries the sheaves Q, and which 
tend to preserve the angle-irons in their proper shape. 
The sliding collar W has a sheave within it around 
which the main lifting chain Bis rove. When working 
in soft soil, the chain B is attached directly to the collar 
W ; but in hard soil power is gained by pensing the chain 
through the sheave, and fastening the end of it to the 
spear, as shown in Figs. 3 and4. This main chain is 
worked over the head of the crane, as shown in Figs. 1 and 











































































































arrangement of the parts which are there seen suspended 
from the head of the jib. The arrangement for working 
this machinery by means of a portable engine, crab-winch, 
and crane, as shown, is somewhat primitive, and would 
not, of course, be adhered to in large dredgers; this ar- 
rangement was adopted simply because those machines 
were the best means available, in the canal workshops, for 
fitting up the dredger. The engine used was one of six 
horse power nominal ; it drove the 14-ton crab-winch direct 
by two straps, one of which was crossed and one straight ;- 
so that the man at the winch was able, with great facility, 
to wind up or unwind the chain, which was attached at one 
end to the drum of the winch, and at the other to the 
dredging apparatus. Six mud-punts, with flush decks and 
removabie sides, accompanied thedredger. Each punt was 
capable of carrying only about eighteen yards of material. 
It was found that these six punts were just sufficient to 
keep the dredger in full work when the lead did not exceed 
three-quarters of a mile. All the mud was discharged from 
the punts into the river by labourers throwing it overboard ; 
the material in each punt being levelled off and measured 
before it was discharged. 

The crane, to which the dredging scoops were hung, was 
made to revolve on its vertical axis by a horizontal rack, 
which could be put into gear with a pinion on the outer ex- 
tremity of the main shaft of the winch, by means of a 
pedal. This pedal the man driving the winch pressed with 
his foot whenever he wished to cause the dredging bucket 
to revolve, whether in order to come over the mud-punt 
and deposit its load, or to return to the centre of the 
dredger. This arrangement, by which three machines— 
the engine, the winch, and the crane—were made to do the 
work of raising and lowering the dredging scoops, was 
rather an expensive one, as each machine required an at- 
tendant ; whereas had a steam crane, with rapid reversing 
and —— gear, been available, one man might have 
done the work of these three. 

The dredging apparatus, as shown in Figs. 1, 2,3, and 4, 
page 153, consists of two segmental scoops M, hinged on a 
crosshead which is firmly welded on to a wrought-iron spear 
L; this latter being attached by a key to a light wooden 
spear C. The scoops, when closed, form a bucket of the form 
of about half acylinder. Two metal collars, W and X, slide 
freely on the iron and wooden spears respectively ; the 
upper one is connected to the scoops by the light iron rods 
Y Y, and the lower one by two chains P P. One end of 
each of these chains is connected to the lower collar, and 
the other, after passing through one of the sheaves Q Q, 
1s attached to the end of one of the semi-circular ang 
irons O O ; the chain on the right hand of the spear being 
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2. 
over-running themselves, and thus getting jammed. 

One of the main features of the dredger is the float catch 
T; this catch is hinged to the top of one of the scoops, and, 
when the scoops are open, as in Figs. 1 and 4, it hooks on 


Stops R and S are provided to prevent the scoops 


toa lug on the top of the other scoop. It thus ties the 
two scoops together at the top, and prevents them from 
closing as the catch remains in that position. 

The hooks H, which are attached to the jib-head, are so 
counterbalanced by the weight K that they fall forward 
into the position shown in Figs. 1 and 2, when the rope 
attached to them is slack. These hooks have at their lower 
extremities sloping faces, such that, when the clutch collar 
X rises up to them, the projecting arms of this collar push 
back the hooks, and rise past them; when the arms are 
above the hooks, the latter fall forward and support the 
arms, so as to prevent the collar from returning. en in 
this position the main lifting chain may be lowered, and the 
whole a apparatus remains ing to the jib-head 
on the hooks H. The entire weight being thus thrown on 
the collar X, which is attached to the scoops by the rods 
rf * scoops are drawn open into the position shown in 

ig. 1. 

The lever G is centred in the jib-head, and has attached 
to it a lug or cam, which bears on a very shallow rack fixed 
tothe spear C; on pulling the rope attached to the lever, 
this cam jams the spear in the gai e E so that it cannot rise. 

N N arestiffening bars, and V V are leather valves, which 
allow water to escape if the bucket is not filled with mud, 
but which are closed by and retain any solid matter the 
scoops may cut into. 

The action of the dredge is as follows : 

The main lifting chain B is attached to a winding engine, 
or to a crab-winch worked by a portable engine, or to 
any machine such that the man who tes the ma- 
chinery can wind up the chain, or unwind it, or hold it 
stati at any + he pleases. The dredge is first 
lowered into the water in the — shown in Fig. 1, 
by unwinding the main chain. ile it is being lowered 
this chain is of course tight, as it bears the entire weight 
of all the movable parts of the dredger. The strain on the 
main chain tends to draw the travelling collar W upwards 
on the spear L; this tightens the closing chains P P, the 
strain on which, acting on the semi-circular angle-irons 
O O tends to close the scoops of the bucket. The catch |T, 
however, holds the two scoops together at the top, and 
— them from closing. In this manner the bucket 

escends, the wooden spear C sliding freely down in the 
guides D and E. 

When the bucket reaches the bottom, which it generally 
does with somewhat of a blow if the engine be run quickly, 
the scoops rest on the surface of the mud; they open 
slightly, and the strain is taken off the catch T, which 








immediately rises out of gear by means of the flotation of the 
ball attached to it: thus the scoops are released and free 
to close. The stops S prevent the scoops from opening 
more than is just sufficient to release the catch T. Im- 
mediately the scoops reach the bottom, the attendant re- 
verses the machinery and winds up the main lifting chain ; 
at the same moment the lever G is pulled over by the ro 
attached to it and jams the spear tightly in the guide E. 
As the main lifting chain ascends, it draws the collar W 
upwards on the spear L, and the collar draws up the chains 
P, which cause the semi-circular angle-irons O to press the 
scoops M into the material on which they were resting. 
The spear is meanwhile held fast in the jib-head by the 
lever, and cannot rise; thus the scoops are compelled to 
bite into the soil. But if any very hard matter is met with, 
the pressure on the spear causes the cam to jump out of the 
shallow rack, and no damage is done. As soon as 
the bucket is closed, which can be easily known by watch- 
ing the point to which the collar X descends on the spear, 
the lever is released, and the whole apparatus rises to the 
surface by the continued action of the main lifting chain. 

When the bucket rises to the surface of the water, the 
crane A is revolved until the bucket hangs over the mud- 

ant, which is alongside the dredger. As the clutch collar 
x rises the projecting arms push back the hooks, which 
immediately afterwards fall back into position underneath 
the arms. As soon as the attendant sees that the hooks 
have thus caught the arms of the collar, he reverses the 
winding of the chain ; the rods Y then take the whole weight 
of the apparatus, the ae and heavier parts descend, and 
the scoops M are pulled open, partly by the weight of the 
material they themselves contain, and partly by the weight 
of the descending parts, the whole of which presses upon 
the crosshead of the spear L, and thus tends to open the 
scoops. When the scoops are wide open the stops R bear 
on the spear L, and the catch T f. automatically into 
position, catching the other scoop. The dredger is now 
ready for another bite. The slack of the main lifting chain 
is ro te UP and the weight of the apparatus is taken off 
the hooks H sufficiently to enable them to clear the arms 
of the clutch-collar. The hooks are then drawn back, the 
crane revolved, and the apparatus run down to the bottom 
again as before. 

The engine—or winch worked by the engine—has to be 
reversed three times during each lift. Firstly, after lifting 
the clutch-collar from the hooks, it has to be reversed to 
lower the bucket; secondly, when the bucket reaches the 
bottom, it has to be reversed to lift it; and, thirdly, when 
the bucket is over the mud-punt it has to be reversed to 
empty it. In the dredgers which have already been con- 
structed, the necessarily rapid reversal of the motion of the 
main chain has been effected by sliding forks on the crab, 
which move direct and crossed straps alternately on to the 
tight pulley. It requires some practice to work the dredger 
quickly, but an intelligent labourer soon learns to do the 


work. 

Figs. 8and 9, page 156, show a modification of the dredg- 
ing scoops, which is applicable for — very soft silt or 
light sand, Similar parts are marked with the same letters 
as apply to the previous description. In this arrangement 
the spear is dispensed with, and the sliding collar X works 
on the hfting chain itself. The working of this arrange- 
ment is almost exactly similar to that of the one already 
described. 

Results of Working.—The dredger has been at work for 
about eight months at the head of the Patna Canal. The 
canal at this point has 180 ft. base, 7 ft. general depth, and 
side slopes 1} to 1. ‘There were 40,740 cubic yards of silt, 

artly sand and partly black alluviai deposit, in the first 
half mile of this canal. In some places there was as much 
as 4 ft. of silt, but in others only 14 ft. or 2ft. The 
dredger of course worked to the greatest advantage in the 
deepest silt, as less manipulation of the boat itself was 
necessary. The depth to which |the silt was dredged 
below the surface varied from 3 ft. to 7 ft. 

The dredger tried was an iron one of the following 
dimensions : 


ft. in. 

Length... ac des eve 50 0 
Breadth ... on woo * 15 0 
Eat aa ge ; 4 0 
Maximum draught of water ... 
Nominal horse power... & ose 6 
Capacity of bucket ‘st se +» 16 cub. ft. 
Greatest depth to which the dredger was 

tocut ce os sie vio 8 0 


The dredger was first started with the regulating appa- 
ratus designed by Mr. Fouracres. The dredger was secured 
in position, as shown in Fig. 6, page 156, by a T-strut, the 
base of which was fastened to the by two pins. The 
further end of the strut was fitted with an eye, which 
worked on a pin attached to the stern of the dredger at A. 
This strat fixed the point A, and the —-_ 4 was only able 
to revolve about that point asacentre. To the other end 
of the dredger a piece of quartering was attached, working 
at B on another pivot similar to the one at A. This 
| nee wy was of sufficient length to allow the bow of the 
a to be moved a few feet beyond the centre of the 
canal, The quartering was marked into divisions of 4 ft. 
each, which was the width of the bite of the bucket. After 
the bucket had taken its first bite the boat was shoved off 
the distance of one of these divisions of 4 ft. by menon 
the bank working « small twofold tackle. Thus, each time 
the bucket was lifted, the dredger was moved ont the dis- 
tance of 4 ft., and the bow of the dredger was compelled to 
work in the arc of a circle. If it wasfound that one bite of 
the scoops was not sufficient to clear out the canal to the 
requisite depth, two or three bites were taken at the same 
spot, or the “> was run a second or third time over 
the same arc. hen it was necessary to move the dred 
forward to work on a new arc, the T-strut at A was sbif 





about 2 ft. 6 in. along the bank, that being the width of 
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TABLE I.—FOURACRES’ DREDGER. ABSTRACT OF WEEKLY AVERAGES AND TOTALS OF WORKING. 

































































































































































1878. Week ending Saturday 1879. | 
ITEMs. esienn : | Total. | Average. 
| 2 Nov 9 Nov 16 Nov. | 23Nov. 30 Nov. | 7 Dec. 14 Dec. | 21 Dec. | 28 Dec. 4 Jan. 
( Quantity lifted by bucket 
each time a or cub. ft | 12.0 12.4 12.2 12.0 11.8 | 411.2 11.6 11.9 11.8 11.4 118.3 11.8 
Number of bucketfuls per 
anew rn 2.5 40.1 42.1 47.6 47.7 49.0 44.4 50.5 363.9 45.5 
aily time of dredger ’ 
working sae .. brs. mins.| 5 31 6 36 6 27 6 39 6 20 7 27 ace 6 41 6 53 oe 52 34 6 34 
Daily time of men em- 
OS i ee 9 17 8 33 7 58 8 33 9 6 - 8 54 8 25 oe 60 45 8 40 
; | Daily quantity excavated cub. ft. | 3210 3135 3604 3762 3625 4172 3839 3622 3991 3953 36,913 3691 
‘ ; | 
o / " | | | 
& ! Time of loading each r 
mg buntfal ita | | ss | 88 49 50 50 53 49 51 
| umber of bucketfuls in | 
3 ' punt... wall ne | $939.3 36.1 37.1 39.4 39.6 41.3 39.6 40.5 41.1 40.6 394.6 39.4 
= | Quantity in loaded punt cub. ft.! 467 | 426 454 465 1468 466 475 483 486 483 4673 467 
Lead of punt... tits ft.| 1200 | 1300 1400 1500 1600 1800 1900 2000 2100 2200 
Cost per 1000 cubic feet :* 
Dredging and delivering 
into punt att jee a. P.| 246,193; 1H 11,28 Si LTEeRBsi wtsseirtiwzreée.~ 1 7e1iteée?) 1s OFM 4 Bi 1 6 
Leading punts and dis- 
charging into river ... a.p.| 10 2 | 120; 01811] 013 9] 01410} 012 0; 014 1; 012 1] 012 2 O11 3}; 810 3] 01310 
| } —_— ee - | —— —_ 
‘ r.a.p.| 2 4 8 211 3 28s: 0 26 2 25 0 115 8 $$ 7i 2 2.3 229 20 832214 5 248 
[Total per 1000 enbie feet { fs. a) 047/055 050; 049/048) 040/048) 045/044 040) 2 50) 047 
[ Weekly quantity ex- | | | 
cavated... a exe eub. ft.| 22,474 15,677 | 18,022 22,572 21,752 25,033 19,194 21,732 19,956 23,720 | 210,132 21,013 
j | Weekly expenditure* ... 
E Dredging and delivering } 
md ws punt ae! r.a.p.| 2812 1/2411 9 | 29 7 9| 3410 3/30 6 6} 301011/ 28 3 0/31 2 0: 28 8 0; 81 1 5/297 4 8/2911 8 
eading punts and dis- 
4 charging into river ... r.a.p.| 2211 0 | 1710 0/15 8 6);19 3 3/1914 0/1811 6/1614 6;16 6 0 15 8 6 | 1612 0/17814 3/1714 3 
> —-_— ———_ —— —— ee 
” | Total weekly ees { r.a.p.| 51 7 1/42 5 9)45 0 3/5313 6/50 4 6/49 6 5/45 1 6/47 8 0 48 6 6} 4718 5/476 211/47 911 
ture... tie ie £s.d) 5 211 449 | 410 0 5 7 8 5 07 418 9 410 2 415 0 4 610) 415 8; 4712 4) 415 3 
l | | | 
Average cost Dredging pence) 0.84 1.03 1.06 | 0.99 0.90 | 0.80 | 0.94 0.93 | 0.90 0.86 | 9.25 0.93 
per Se Discharging » | 0.65 | 0.73 | 0.56 0.55 0.61 0.50 0.57 0.50 | 0.50 0.44 | 5.61 0.56 
yard. Total » | 149 | 1.76 1.62 | 1.54 1.51 1.30 | 1.51 143 | 1.40 1.30 14.86 1.49 
* 1 rupee=16 annas=2 shillings. 1 anna=12 pies=1$ penny. 1 pie=} penny. 
TABLE IL—COST OF DREDGING BY DIFFERENT MACHINES IN BENGAL. 
re SS ee * Cc. C. C. D. E. E. E. E. F. 
IrEMs. | Pri na 
| 1875-6. | 1876-7. | 1877-8. | Victoria. Jone | 1874-5. | 1875-6. | 1876-7. | 1877-8. | Jory, 
—_-- eee | 
Cost of dredger 2) 42000 | ... | 5838 5358 38 | SC 2000 " “a 800 
Nominal horse power... HP. 24 6 15 15 15 ees 10 aa ous | 6 
Greatest depth to whic | 
dredger will excavate ft. 5 | 5 10 10 } 10 18 a é - | pre 8 
Total period of working ... days 84 | 187 = eve | ise es 214 190 192 221 125 
Total quantity excavated... cub. yds.) 13,333 7838 40,639 10,370 | 15,896 63,579 97,611 91,537 113,926 16,838 
} | 
| Rupees.* | Rupees. Wy Rupees. Rupees. | Rupees. | Rupees. Rupees. | Rupees. | Rupees. Rupees. — 
( Dredging alone ead - oo ,083 2957 3,444 ae | ot ese ea ‘a oss 5 
| Dredging and discharging ...| 1932 1807 11,807 4851 4,880 oe 28,960 27,462 | 25,536 28,775 1063 
Working | Dredging, discharging, and/ 
cost. } repairs we eee ose 14,198 8351 5,937 on 34,934 35,401 37,175 40,858 1202 
Dredging, discharging, and) 
| repairs, and 10p. c. int., &c.| | 19,556 13,709 11,295 eae * z 1535 
| 
Pence. Pence. Pence. Pence. | Pence Pence Pence Pence. Pence. Pence. Pence. Pence. 
op (Dredging alone ... -_ ae 4.18 6.84 | 5.19 2.62 3.72 se eas wi eve 0.98 
wes 99 and dischargin one 3.47 5.53 6.97 } 11.22 | 7.36 6.42 7.60 10.92 6.75 6.69 6.04 1.50 
a 
| $e 4 on discharging and repairs oe | 8.38 19.32 8.96 eve wie 13.18 8.70 9.74 8.60 1.71 
& 8:3 | re ae repairs, and } 
<°'5 | 10 percent. interest, &c. ... 11.54 31.72 | 17.00 “d a cs is... 1 ut ea ee 2.18 
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the bucket used; and the dredger was thus set to cut | whethera well-arranged system of anchors would not always 
another arc parallel to the last. 
is arrangement, though an excellent one when working | 
near a bank, or in a narrow canal where there is rees 
traffic, was not found suitable for dredging a channel of 
50 ft. width down the centre of the canal, which was the 
work required to be done. 


teen buckets of 4 cubic feet each. 
B. Single scoop steam dred 
ing on a vertically oscillating «rm. 


. Ladder and bucket steam dredger, 94 ft. long, 15} ft. beam, 6} ft., draught. 
r, 50 ft. long, 13 ft. beam, 6? ft. draught. 


* 1 rupee=2 shillings. 
PARTICULARS OF DREDGERS INCLUDED IN TABLE II. 
Six- 


These dredgers were employed in clearing silt and sand from the heads of the High 
Scoop work- 


Level and Kendraparab Canals. The lead of the punts was not more than } mile. 


. Ladder and bucket steam dredger, 120 ft. long, 18 ft. beam, 6 ft. dranght. This dredger worked part of its time in tidal water, and was therefore hindered. It never 


actually did 120 eubic yards in a day, and generally excavated to about 7 ft. depth below water level. 


the discharging hopper-barges was short. 
. Fouracres’ steam dredger, with vertical-ac’ 
lead of the punts averaged about 500 yard 





. Ladder and bucket steam dredgers. 


hese work pretty constantly in the Calcutta circular canals. 
3. Ladder and bucket steam dredger ‘‘ Octopus.” This belongs to the Calcutta Port Trust, and has been chiefly employed in clearing out silt near the jetties. 


ting bucket, 50 ft. long, 15 ft. beam, 4 ft. draught. This dredger has been working for five months in the Patna Canal. The 
8. 


Indeed it seems doubtful | 


The cost of irs i t stated by th ineer. 
s repairs is not s y the engineer The land of 


turning the winch A, it was easy to regulate the movements 
of the yt thang causing it to oscillate in the are CD. Two 
anchors, attached by 4-in. chains to a bollard on the stern 
of the dredger, kept the point E very nearly stationary, 
the action of the current tending of course to keep the 
anchor chains tight. Occasio’ , as the stream varied, 
the dredger would perhaps float slightly out of its proper 


be more convenient for working thisdredger. The arrange- 
ment shown in Fig. 7, page 156, was therefore adopted. A 
small gipsy winch A was fitted on two uprights at the edge 
of the dredger. A small capstan would have been more 
suitable, since the regulating chain B would not have 


jammed on a capstan as it did sometimes on the winch. By 
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course, in which case the bucket might come up very nearly 
empty ; but this did not occur very frequently. When the 
dredger had worked up to the point D, the anchor chains 
were slackened and the dredger moved forward about 
2ft. 6in., the width of the bucket ; the man regulating the 
dredger then reversed the winding on the winch A, and 
gradually brought the dredger back to the point C, and so 
on continually. Occasionally, when the anchor chains 
became long and the dredger was perhaps somewhat swept 
off her course by the action of the current, or when the 
anchor chains had been slackened by more than the proper 
amount, a ridge of silt would be left which the dredger had 
to be brought back to cut. But generally speaking the 
channel was cut very cleanly. 

Some difficulty was at first found in managing the mud- 
punt in the stream, the silt generally came up so hard and 
dry that it would not spread itself over the deck, and it 
was necessary to move the punt frequently, so that the silt 
might be uniformly deposited. An arrangement of hooks 
on the punts and small bollards on the dredger was, there- 
fore, adopted ; by this the labourers were able to draw the 
punt by hand into any required position, and fasten it to 
the bollards on the dredger by small pieces of rope. Two 
pairs of bullocks towed the full punts to the river, and 
brought back the empty ones. 

The silt dredged varied from pure sand to soft black mud ; 
the heavier particles (7.e., the sand) were of course deposited 
near the head sluice, and the silt gradually became less and 
less sandy, and more and more muddy, the further the 
dredger worked from the sluices. One of the greatest 
advantages of this dredger is that it brings up the silt quite 
hard and dry. The greater portion of the silt excavated 
could have been at once carried on coolies’ heads in baskets 
if necessary. It is also remarkable how little the dredger 
stirs up the mud when working; it works most cleauly, 
taking its proper bite without disturbing the silt near it, 
and in this respect is much superior to other dredgers, 
which often plough up the silt into a thin slush as they lift 
it. The leather valves on the scoops acted capitally ; 
whenever the bucket came up partly empty, most of the 
surplus water had fallen out into the canal, before the 
bucket was turned over the mud-punt. 

It was noticed that in pure sand the scoops frequently 
failed to cut properly, and that the bucket came up only 
half full. This was due to the fact that at first the shallow 
rack arrangement, which has been described, had not been 
fitted on the dredger, but the lever G only pressed upon the 
spear by a simple cam. The consequence of this was that 
when cutting into pure sand, which is of course much 
harder than silt, the spear slipped up in the guides, and the 
bucket did not get its full bite; the shallow rack arrange- 
ment, however, cured this defect. When the dredger is 
used for cutting into very hard soil Mr. Fouracres proposes 
to make the scoops of somewhat greater radius, but forming 
only one-sixth or one-eighth of a cylinder instead of a 
quarter, ss they do at present; he also proposes to fix 
steel teeth to the edge of the bucket, so as to catch the 
ground more readily. The effect of this arrangement would 
be that the scoops would drag more along the ground, and 
not cut into it so deeply as they do at present. 

It will be manifest that this dredger possesses considerable 
advantages when working where there are waves or aswell. 
For when the scoops are resting on the bed of the river or 
harbour to be dredged, they will cut into any soft soil 
without jamming, as the buckets of an ordinary dredger 
are apt todo. It will be seen that the lever G only holds 
the spear down, so as to stop its rising ; if the dredger rose 
on a wave, the lever would not lift the spear, which would 
slip down in the guides ; and if the dredger fell on a wave, 
the lever would give way when the pressure became too 
great for it to hold. The dredger is also very handy for 
working ip corners and near wharves or piers, where an 
ordinary dredger cannot sometimes find room to work. 
Again the author believes that in the old form of dredger 
the buckets rarely bring up on the average more than half 
the quantity which they could contain; this is chiefly due 
to the fact that it is almost impossible to regulate the 
forward motion of the dredger so exactly that the cut taken 
by each bucket is just sufficient to fillit. If the feed is 
too great, the front buckets churn up the extra mud which 
they cut into slush, and this is brought up by the following 
buckets. It is very probable too that if the buckets come 
up with a good load of heavy sticky mud, it will adhere to 
the bucket, and the whole will not fall out into the shoot. 
These difficulties are entirely overcome by the new dredger, 
which can never cut more than it requires, and which must 
necessarily leave the whole of its contents in the mud-punt, 
for it opens entirely and the contents must drop out. When 
working in the most sticky stuff the bucket entirely clears 
itself, with the exception of some small lumps on the edge 
and corners of the scoops. 

_ This dredger is also peculiarly suitable for working in 
tidal waters, where the varying depth causes trouble in the 
ordinary ladder dredger, necessitating the constant altera- 
tion of the ladder. Moreover, as this gradually gets more 
horizontal the ordinary dredger works at a greater and 
greater disadvantage, as more mud drops from the buckets 
on their way to the shoot. In Fouracres’ dredger the 
efficiency increases as the tide falls; for the work done and 
friction on the parts is directly proportional to the height 
of lift. The dredger will work to advantage as long as it 
will float. 

, During the first ten weeks of the working of the dredger 
in the Patna Canal, an accurate account was kept, showing 
the engine hours, number of buckets lifted, &c. This 
account is tabulated in Table I. After those ten weeks only 
sufficient information was taken to give the cost per yard 
excavated. In Table I. the cost of repairs is not given, 
partly because the accounts were not ready at the time the 
Table was made out, and partly because the dredger was 
quite new, and needed of course but little repair during the 
first ten weeks it was at work. The results of the ten 
weeks’ trial give : 





Maximum quantity excavated 


in a day of 9} hours .. 172 cubic yards 
Average quantity per day of 

8} hours én os dein a: “4 
Maximum quantity per nomi- 

horse power per hour ... 3.82 yards 

Average quantity per nominal 

horse power per hour ae” ae 
Average number of buckets 

lifted per engine hour She 
Average quantity lifted each 

lift (full bucket being 16 cubic 

feet) ... ‘ss iy +» 11.8 eubic feet 


The amount lifted per bucket is disappointing ; for, when 
working in soft soil or in a mixture of light marl and sand, 
the bucket frequently came up containing 18 or 20 cubic 
feet, the material being heaped up above the crosshead. 
The comparatively small average per bucket must be attri- 
buted partly to the want of the rack arrangement which 
has since been introduced, and partly to the fact that, 
when cutting only a shallow layer of silt, it is not possible 
always to fill the bucket, as the material is not there to 
fill it. It will be seen that though the lead increased, the 
cost of discharging decreased during the ten weeks ; 
this was due to improvements in the discharging arrange- 
ments. 

It is not easy to compare with real accuracy the perform- 
ances of different machines, unless the observations are 
conducted by the same person, or at any rate under the 
same system, and unless the circumstances are thoroughly 
known. Through the kindness of the chief engineer of 
Bengal the author has obtained statistics of the perform- 
ances of various dredgers now in use in Bengal; these 
statistics are embodied in Table II. The information is the 
best obtainable, but the author must express his regret that 
he has not been able to obtain the facts in sufficient detail 
to enable him to fill up all the columns. This Table gives 
the cost of dredging by seven different dredgers, working 
generally in silt or sandy river deposits of a very similar 
nature to the material excavated by the new dredger. 
These seven dredgers were all working under somewhat 
different conditions, and cutting to different depths ; some 
of them were only working for a short time during the 
year, and some were working in tidal waters, where they 
were placed at the disadvantage of being hindered at low 
tide ; so that the columns which contain the charges for 
interest and depreciation are not really comparable; but 
those which show the actual cost of dredging, lead, and 
repairs are as fairly comparable as the circumstances will 


allow. 

From this Table it is clearly evident that the new dredger 
works at a much lower cost than any other in Bengal. In 
the Table is shown the working of this dredger for five 
months. During that time she worked 125 days, was idle 
23 Sundays and 1 Christmas Day, and was laid up 5 days 
for repairs. She executed on the average 134.7 cubic 
yards per day at a cost of 2.18 pence per F sn including 
dredging, lead, repairs, and interest and depreciation on 
prime cost. 

One of the greatest advantages which the dredger offers 
is the small cost of repairs. It will be noticed that during 
the five months she was working the cost of repairs was 
only 139 rupees (131. 18s.). Supposing that this figure was 
doubled, or even trebled, in an older dredger, the cost of 
the work done would still be very low. It been found 
that there is very little wear except on the cutting edges of 
the bucket scoops. These get very blunt when working in 
sharp sand. The first bucket was made of iron and wore 
away very quickly. -The later ones with steel ed, have 
worked much better. As one bucket can be detached from 
the spear and another substituted in about twenty minutes, 
ordinary repairs do not delay the working of this dredger, 
whereas in the ladder and bucket dredger the removal and 
renewal of the links and pins is a troublesome and lengthy 
business. Again, the wear of the links in the latter class 
of dredgers interferes with their efficiency ; for it some- 
times becomes necessary to lift the ladder slightly, as the 
chain of buckets sag, otherwise they are apt to foul the 
edge of the well. In the new dredger this difficulty can 
never occur, and there is nothing to interfere with the 
depth to which the dredger will cut, except the length of 
the spear and main chain. 

The comparison of the cost of the working of the new 
dredger with the cost of others working in England is 
rendered less satisfactory than the comparison just made by 
the fact that the value of labour and materials varies in the 
two countries. The establishment employed on the dredger 
in India was more numerous than would be required in 
England, but the pay of the men was less. Again, coals 


cost in India about 30s. to 40s. a ton, while on the Clyde | Tif, 


and Tees they cost from 5s. to 10s. only. If it is supposed 
that the cost of labour here would be double or treble 
what it is in India, the cost of the work done would still 
compare favourably with dredgers working here; and it 
must not be forgotten that it is comparatively much more 
expensive, as far as establishment is concerned, to work a 
dredger of six horse power than one of five or six times the 
size ; also that in a dredger properly constructed with a 
winding engine the establishment would be still further re- 
duced. There were in India no less than fourteen hands 
employed on the dredger. 

The following is the cost of dredging on the Clyde, as 


given in Mr. Deas’s paper read before the Institution of Civil 
Engineers in 1873 (Proceedings, vol. xxxvi. a 124): 
Cost of dredging onl _ « 131d. per cub. yd. 
és pe and repairs ... 2.53d. 4, ~ 
‘ = repairs, and 10 
per cent. interest and deprecia- 
tion on prime cost... coe DeGON. 99 af 
Quantity dredged per nominal 
horse power per hour... +» 1,65 cubic yards 
Mr. John Fowler has kindly informed the author that 


the following is the cost of dredging on the Tees, allowing 





‘that they are 


10 per cent. interest and depreciation, which however he 


considers too high : 
Cost of dredging onl .. 185d. per cub. yd. 
a3 pe and repairs ... 2.09d. ,, ” 
repairs, and 10 


per cent. interest and deprecia- 

tion on prime cost =... —«.. 

Quantity dredged per nominal 
horse power per hour... 1.59 cubic yards 

Design for large Dredger.—Mr. Fouracres’ dredger was 
designed, and is most suitable, for working in soft deposits 
and in comparatively shallow water. It has never as yet 
been worked to a depth greater than 10 ft.; but it is be- 
lieved by the author that for such depths it is the most 
handy, cheap, and effective dredger yet in use. When de- 
signed for deeper cutting it is proposed to alter the arrange- 
ment to some extent, and to substitute two spears for the 
one at present employed. It is proposed to make these 
spears of iron or steel pipes, and telescopic, so that they 
would not extend to an unreasonable height above the 
dredger. Figs. 10 and 11, e 157, show the general ar- 
rangement proposed for a dredger capable of dredging 150 
cubic yards per engine-hour at a depth of 20 ft. The 
details of the dredging apparatus itself are shown in 
Figs. 12, 13, and 14, e 1 

There are two revolving cranes at the bow of the dredger, 
which carry the dredging scoops ; these cranes can either 
be worked together or separately. The drawings show 
them designed for working separately, but it woul’ be easy 
so to arrange the regulating handles that one man could 
regulate both; in that case, of course, both cranes would 
revolve simultaneously, and the dredger would not then heel 
over as it does when only one crane is used. 

The scoops of the bucket, which contain about 3} cubic 
yards, are similar to those previously described, except that 
they have double spears L and double closing chains P 
the sliding collar W is also differently constructed to carry? 
the extra pulleys which are necessary consequent on the 
doubling of the chain P; by means of this doubling the 
run of the collar W is reduced by one half, and the appa- 
ratus is consequently more compact. The extra force 
necessary to close the scoops is gained by the double pulleys 
in which the main chain B runs. In order to enable one 
man to do the work which in the dredger now working 1s 
done by three men, it is porgeeet to work the hooks H by 
means of a spiral spring M placed above a small steam or 
compressed air cylinder K. 4 means of the spiral spring, 
the hooks H are kept constant y in readiness to catch the 
clutch collar X ; but when the hooks have caught the collar 
and are bearing the weight of the ap tus, the man re- 
ae oe machinery admits the s into the cylinder 

; so that as soon as the scoops are empty and the main 
chain has been sufficiently lifted to take the weight off the 
hooks, these are opened by the descent of the piston in the 
cylinder overcoming the force of the spring ; and the appa- 
ratus is then lowered. 

The pressure on the spears C is put on in the same 
manner, by admitting steam or compressed air to the 
cylinder G ; this presses the blocks F against the racks in 
the s - While the scoops are being closed, the 
attendant keeps his hand on the regulator which controls 
the valve of the cylinder G; thus he can at any moment 
release the spears by allowing the steam or air to esca 
from the cylinder, when the spiral spring N immediately 
draws the blocks F out of contact with the racks on the spears 
The teeth on these racks are so constructed that the blocks F 
would run back in the event of any extreme pressure 
coming on them, even against the pressure in the cylinder 
G. Friction blocks might no doubt be substituted for the 
rack and block F. The tubes C, which play the part of the 
wooden spears at present in use, are lightly braced together 
by iron rods. They are steadied above the jib-head by a 
light guide D attached to the head of the crane. 

It is estimated that a dredger constructed on this plan 
would dredge from a depth of 20 ft. about 1000 cubic yards 
a day of soft material, at a cost of about 14 per cubic yard, 
including establishment, materials, repairs, and an allow- 
ance of 10 per cent. for depreciation and interest on first 
— The prime cost of such a dredger would not exceed 


3.174. ,, ” 








A CABLE ACROSS THE CAsPIAN.—AII the preparations for 
laying a submarine telegraph cable across the Caspian Sea 
are now completed, and the cable itself will be laid by the 
end of September. The cable will be 150 miles long; will 
reach from Cape Gurgian to Krasnovodsk, and will cost, 
it is estimated, 700,000 roubles. Telegraphic communica- 
tion will be established between Tjikislar and Asterabad ; 
so that telegrams from the former place will be able to be 
sent by way of Teheran and the Indo-European line to 
18. 





Tue Reapine (U.8.) Iron Works.—The Reading Iron 
Works, Reading, Pennsylvania, include eight separate 
establishments, all of which are run at present to their 
utmost capacity. The total number of hands employed is 
somet over 1500. The company have one furnace in 
blast, and will light a second in the course of two weeks. 
The sheet mill was started during the winter and gives em- 
ployment to 220 hands. The boiler department is busy on 

ears for the Philadelphia and Reading Railway Com- 
pany, and is turning out oil cars month, each car 
ving a capacity of 100 barrels. e tube works are 
very busy, turning out about 80 tons per day. They have 
recently completed an order for 100 miles of pipes for the 
new pipe line, and they have a prospect of such a demand 
the works, and will shortly be able 
to weld 150tons per day. The rolling mill is very busy 
ranning double turn, so also the nail mill, which is turning 
out kegs per week. The Scott Foundry, which is 
another department of the same company, is busy on 
cotton heavy machinery. The works 





presses, and other 
oe ad shipped to Selma, Alabama, a press which weighed 
ns, 
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THE “ THREE YEARS PURCHASE SYSTEM” 
AS APPLIED TO MACHINERY. 


A cass of considerable public interest and of importance 
to engineers epoca. was decided in the Halifax County 
Court on the 12th inst. before Mr. J. W. de Longueville 
Giffard, the jadge. The are wy were in the form of a 
motion to the court on the re of Messrs. John Fowler 
and Co., of the Steam Ploug Works, Leeds, for an order 
directing Mr. J. L. Learoyd, the trustee under the liquidation 
of Messrs. Reside Cliffe and Thomas, coal merchants and 
carriers, of Barkisland, near Halifax, to hand over to 
Messrs. Fowler and Co. a traction engine which they had 
supplied to the debtors on a hire and purchase agreement. 
The facts were as follows : 

In 1877 an agreement was entered into between the 
parties by which, in consideration of 5141. 15s., payable by 
instalments, Messrs. Fowler and Co. agreed to permit the 
hirers to use the said engine for 18 months, and at the 
expiration of that time agreed to sell it to them for a 
further nominal consideration of 101. The agreement was 
in the form which Messrs. Fowler and Co. adopt, and pro- 
vided amongst other things that the engine should be kept in 
repair by the hirers, and that they should always keep _— 
ita nameplate bearing the words “‘ John Fowler and Co., 
owners.’’ When the 18 montns expired a considerable 
portion of the instalments were in arrear, and at the request 
ef the hirers, Messrs. Fowler and Co. a; that they 
should continue to keep the engine on the terms of the 
agreement as far as they would apply ; time being given 
for payment of the instalments in arrear. A few months 
afterwards while a balance of the instalments still remained 
in arrear, the hirers filed a petition for liquidation of their 
affairs, and a receiver was appointed, who took possession 
of the engine as part of their estate, and refused to give it 
up to Messrs. Fowler and Co. who fotmally demanded it 
from him as their property. A trastee was afterwards 
appointed ; and on his refusal to hand over the engine 
Messrs. Fowler and Co. commenced p ings. At the 
hearing of the motion on Tuesday it was proved that the 
traction engine was, at the date when the petition was filed, 
in the hands of the hirers on the terms of the ment so 
far as they would apply to an extension beyond the 
18 months original for, and that throughout the 
whole of the time that the engine was in the possession of 
the hirers, and at the date when the petition was filed, 
there was affixed to it the plate bearing the words “‘ John 
Fowler and Co., owners ;’’ and evidence was given by a 
number of witnesses from various parts of the country to 
the effect that the custom of letting out certain kinds of 

machinery (including traction engines) on the hire and 
ang system is an established and -known custom. 

t was contended by the trustee that at the date when the 


petition was filed, the 18 months having expired, the agree- 
ment was at an end; and that the debtors had ceased to 
be in the position of hirers, and had in fact become the 
purchasers of the engine; and also that whether this were so 
or not, there was no custom of letting out machinery of 
the description in question to people carrying on the same 
business as the debtors ; and that the engine at the date of 
the petition was in the order and disposition of the debtors, 
as the reputed owners of it, and consequently passed to 
the trustee as part of their estate. No evidence was called 
on behalf of the trustee. After hearing the evidence 
addressed on behalf of Messrs. Fowler and Co., and the 
argument of counsel on both sides, his honour made an 
order directing the trustee to return the engine to Messrs. 
Fowler and Co. within a month, or to pay to them the 
arrears of the instalments together with the nominal con- 
sideration mentioned in the agreement, and to pay the 
costs of the proceedings. Mr. E. Tindal Atkinson (instructed 
by Messrs. Eddison and Eddison, solicitors, Leeds) appeared 
for Messrs. Fowler and Co., and Mr. T. H. Jordan (in- 
structed by Messrs. Holroyde and Smith, solicitors, Halifax) 
appeared for the trustee. 








American Locomotive Burtp1ine.—The Baldwin 
Works, Philadelphia, which commenced operations in 1831, 
have lately completed their 4707th engine. This shows an 
average of five weekly for 47 years. There are 2000 men at 
work in the shops, and sometimes as many as nine locomo- 
tives are turned out in a single week. The company have 
on their books at present the following orders for locomo- 
tives: 15 for the Chicago, Burlington, and Quincy Rail- 
road, 16 for the Chicago and Alton Railroad, and six for 
the Denver and Rio Grande line, together with extensive 
orders from South America and Australia, making a total 
of about 100 locomotives now in course of construction at 
the works. The company have shipped this year 45 loco- 
motives from New York to foreign ports. The amount of 
business done this year by the works is ed as an indi- 
cation of a steady advance in the locomotive trade, and not 
as anything exceptional. 





Iron AND Street Locomotive Boriers.—Mr. 8. J. 
Hayes, of the Illinois Central Railroad, states that recent 
experience has taught him that steel is not so well adapted 
for the cylinder part of a locomotive boiler as a good quality 
of iron. There are several engines now in service on this 
road with boilers built in 1856, the outside shells of which 
were built of Lowmoor iron. These boilers have been in 
service twenty-three years, and there is but little sign of 
corrosion or pitting in the sheets. The sheets in the bottom 





of the cylinder part of these boilers have never been 








renewed, and are to all appearances in good condition at 
present. In 1874 two new boilers were built. The shell 
of one of these was made of a high grade of steel, the other 
of iron. Both engines were put in the same service on the 
same section of the road, and made equal mileage. When 
the flues were removed the steel boiler was found to have 
suffered the most from corrosion, and was pitted to such an 
extent that it was necessary to = lining plates on the 
inside along the bottom of the cylinder part, to protect it 
from further corrosion. The shell of the iron boiler was 
somewhat co ed, but not nearly so much as the steel 
one. Another boiler, built in 1876, of open-hearth steel, 
after running 73,166 miles on a section of the line where 
the water is not considered bad, was found to have been 
pitted and corroded in the bottom of the cylinder part. At 
one place, near the first seam back of the front flue sheet, a 
furrow 9in. long, and varying from one-twelfth to one- 
sixteenth of an inch in depth, been formed during the 
short time the boiler was in service. At another ee 
close to the front flue sheet, and directly opposite the hand- 
hole used, for washing out that portion of the boiler, a 
spot 2 in. in length, lin. in width, and about one-sixteenth 
of an inch in depth was eaten out of the metal. All the 
steel boilers built by the Illinois Central Railroad Company 
within the past five years have been pitted and furrowed at 
the seams from the effects of corrosion, and to a much 
greater extent than boilers the shells of which were made 
of a good quality of iron. This experience has led Mr. 
Hayes to believe that Lowmoor or any other good quality 
of iron is better adapted for the cylinder part of boilers on 
this line than steel plates. Diametrically opposed to this 
result of the use of steel for locomotive boilers are the facts 
gathered by Mr. James M. Boon, of the Pittsburgh, Fort 
Wayne, and Chicago Railroad, who holds that steel is the 
best material for boilers, with either wood or coal as fuel, 
and who finds iron to be more liable to corrosion than steel. 
The company’s first steel boilers were built in 1871, aud 
they never found any corrosion, furrows, or pitting inside 
of them. Iron boilers, of the same size, same service, and 
using the same water, have corroded on the inside in six 
years’ service so badly that sheets had to be cut out and 
replaced with new ones. Mr. Boon believes this pitting is 
produced by both mechanical and chemical action. The 
expansion and contraction of the sheets of iron open the 
fibre, water then enters, and pitting ensues. Steel being 
more homogeneous than iron, this action does not so readily 
take place. The only action of this kind which the com- 
pany have had on their steel boilers was at the inside 
cornérs of the firebox at the mud ring. They have had 
less trouble with their steel than with iron boilers. To 
overcome this, Mr. Boon believes it would be an advantage 
to have the lower ends of the firebox sheets rolled thicker 
at about the level of the fire. 
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LIST OF RAILWAY BILLS PASSED IN THE SESSION OF 1879, SHOWING THE PROPOSED AMOUNT OF CAPITAL TO 
BE RAISED THEREUNDER AND THE EXTENT OF THE PROPOSED WORKXS TO BE EXECUTED. 

















TrTLEe or Rariway. lo * riko Engineer or Surveyor. Solicitors. Parliamentary Agents. 
iy ~ McGrigor, Donald, and : 
eS a . ee 8 0 80,000 Wm. Crouch { Con eed’ Jennee Mate satin and Leslie. 
2. Ballymena and Larn a ee 0 40 ee ve ere ws eve yson and Co 
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4. Bani and Cheltenham Direct... = asé sat 60,000 J. Fowler s eno and ee Sherwood and Co. 
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iati ° ome er, r, Fowler an > 
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10. Crolsor and Portmadock ‘s 30,650 ove “0 0 ane Hanley and Carlisle. 
12. Downham and Stoke Ferry aa ale ae 7 14 80,000 |W. Shelford and J. K. Rodwell ~ mi a Copeman, a J. O. Rees. 
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14 18 
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82. London and North-Western (New Railways) ...__...|. 23 63 | 1,160,000 | W. Baker and F. Stevenson R. F. Roberts Sherwood and Co. 
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THE SARAH FURNACE, IRONTON, 


WE give on pages 162 and 163 of the present 
number engravings showing the Sarah furnace at 
Ironton, Ohio, U.S.A., together with the arrange- 
ments of hoist, blast-heating stoves, boilers, &c., in 
connexion with it, while of the blowing engine 
which supplies the furnace with blast, we also give 
this week a two-page engraving. The Sarah fur- 
nace was designed and constructed in 1877 by 
Messrs. Lambert and Gordon, of Ironton, for 
Messrs, H. Campbell and Sons of that city, by 
whom it is now owned and operated. The furnace, 
which is situated on the banks of the Ohio river. 
is 14 ft. in diameter at the boshes, 6 ft. at the hearth, 
and 10 ft. at the top, while itis 50 ft. high from the 
hearth to the bottom of the bell. It is, as will be 
seen, close topped and fitted with the cone and 


bell, the gas being taken off at one side as shown in 
Fig. 1, page 162. The down-comer is furnished 
with a dust-catcher at the bottom. 

The ore smelted is chiefly liminite, containing 
about 40 per cent. of iron in its raw state, and 50 
per cent, when calcined. It is obtained from a large 
tract of ore land, of which Messrs, H. Campbell 
and Co, are the owners, situated about eleven 
miles from the Vhio river, and it is known locally 
as the Hanging Rock ore. It has been worked in a 
number of charcoal furnaces for about fifty years, 
and produces an excellent foundry iron, while with 
cold blast it yields an iron having a high reputation 
for the manufacture of chilled car wheels. The 
Sarah furnace was constructed to smelt the native 
ore with native limestone as a flux, and Connelaville 
coke, brought by river, for fuel. The furnace has 
been very successful, it having during the year 
1878 yielded over 30 tons of iron per twenty-four 





hours of a quality which has sold at the same price 
as the charcoal irons. The furnace is onved.G a 
hoist working in a hoist tower composed of enatieen 
columns, 8 in. in external diameter, which serve to 
convey the water to and from a tank carried partly 
by them and partly by the furnace shell; 

The blast is supplied by the vertical blowing 
engine of which we this week give a two-page en- 
graving, this engine having a steam cylinder 32 in. 
and a blowing cylinder 72 in, in diameter, the stroke 
being 4 ft. and the speed 30 revolutions per minute. 
As will be seen from our engravings, the steam 
a is below and the blowing cylinder above, 

e crosshead between them being coupled to 
crank-pins in a ced of overhung flywheels mounted 
Parag t which passes below the steam 
cylinder, e steam valves of the steam cylinder 
are of the double-beat type lifted by fingers deriving 
their motion from an eccentric, as shown in Fig. 1. 
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THE USE OF STEEL, 


On the Development of the Use of Steel during the last 
Forty Years, considered im its Mechanical and Eco- 
nomic Aspects.* 

By J. Rosrnson, President of the Institution of Me- 

chanical Engineers, President of the Section. 


Mucg bas been written by poets and others of a succes- 


sion of the ages of the human race - pune their 

degradation with the various kinds of metal, consi 

met; ~ i — — — es age, the silver 
‘ rass, e of iron. 

Our own time propriately and literally be 

described as a branch of the latter age, and be named the 

age of steel. 


In the metropolis of the steel manufacture it would seem 
fitting that the Mechanical Section of this great scientific 
association should direct its attention to this wonderful 
metal, the uses of which are daily becoming more numerous 
and important. 

But it may be said, on the other hand, that as the use of 
this material is perpetually growing more common, 80 are 
discussions as to its manufacture, composition, and cha- 
racteristics, becoming almost wearisome from their fre- 


quency. 
Notwithstanding an a of truth in this objection 
to our occupying more time in referring to the subject, I 
would venture to entertain the hope that a treatment of 
the question in its mechani economic aspects may 
prove not uninteresting to this meeting. 
oa a, when railway —- ee f — 
, about forty years ago, use of s in this 
country was confined mainly to tools for mechanical pur- 
poses, including files and other articles, springs for vehicles. 
weapons of various sorts, and implements for agricultural 
and domestic uses ; and it is proposed to measure the 
scientific and mechanical energy brought to bear upon the 
manufacture and improvement of this metal, by the in- 
crease in the number of purposes to which it is applied, 
and the diminished price at which it can be maintained, as 
compared with the price at the time of its introduction for 


constructive works. There are, however, several important | Pe 





e to this method of appreciation to which reference 
will hereafter be made. 

We will take, then, the simplest form in the preceding 
list, viz., tool steel, the price of which for ordinary pur- 

es varied from 50s. to56s. per hundredweight at the period 
have named ; and we shall find that the development of the 
manufacture of steel in general has but little affected this 
particular material, which is still produced in much the 
same fashion, i.e., by the use of carefully selected Swedish 
iron, carburised by exposure in ovens to the heat of burn- 
ing charcoal, then recast from crucibles, and ham- 
mered down to the required size. The result of a some- 
what stationary condition of manufacture has been the 
maintenance of prices at the same, or about the same, level 
up to the present time. 

A superior quality of tool steel has been Senge by the 
adoption of a process invented by Mr. R. Mushet, in which 
titanium is introduced in the manufacture, and which dates 
back to the 1838-39. This steel is of great endurance 
when applied to the working of steel and iron of consider- 
able , and its higher price of 140s. per hundred- 
weight is - by the excellent results obtained 
from its use, other steels of similar fine quality are 
yommet by several manufacturers, who make specialities 
of t ° 

Some twenty-seven or twenty-eight years ago, Krapp, 
of Essen, gave an enormous impulse to the application of 
steel, by his method of producing much larger masses of 
crucible steel than had previously been possible. He at 
that time accomplished the casting of an ingot of “ cru- 
cible”’ steel of 50 owt., a — then considered incredible, 
and this was followed up by the production of weldless cast 
steel tyres in 1852, which led to the very rapid development 
in the use of his steel for railway t , cranked axles for 
locomotive and other engines, s ht axles, and shafts, 
and parts of machines in general. 

It is most interesting to consider the prices of such of 
these objects as have up to this time maintained similar 
forms, with the object of ascertaining y the selling price, 
the progress in the scientific and mechanical appliances 
used for the production of the materials just referred to. 

At the time of their coming into use, about twenty-five 
ae ago, the price of cast steel tyres was 120s. per 

undredweight ; it is now from 183, to 25s. per hundred- 
poght. The price of forged steel cranked axles was, when 
first introduced, 151. per hundredweight ; it is now from 
65s. to 70s. per hundredweight. 

The price of ight and shafts was from 40s. to 
50s. hundredweight ; it is now from 19s. 6d. to 23s. per 


h — 

Now to what do we owe this enormous redaction of price 
and consequent more frequent and more economic applica- 
tion? The answer must be that, following the initiation 
of Krupp, our lish engineers and men of science set 
th ves to work to discover and apply new processes 
for the production and manufacture of this most wonderful 
metal; and I venture to - that in the whole history of 
metallurgy, from the time of Tubal Cain downwards, there 
has been no such progress in invention and manufacture 
as has been realised by the aid of such men as Mushet, 
Krapp, Bessemer, Siemens, Whitworth, Martin, Vickers, 
Bell, Bauschinger, Styffe, and many others within the 

iod comprised in this retrospect ; and our national pre- 

i ~ ey = ap lead ay the opinion os our own 
coun may fairly appropriate a large share of merit for 
the results achieved 


Another of the uses of steel to which attention may be 
given is that of the ion of cannon of large size. 


* Address to the M ical Section (Section G) of the 





dered | heaviest being, when finis 


Efforts had been made by some of our enterprisi 
workers in metal to produce large guns of solid wrough 
iron ; but the processes of heating and hammering were 
attended with so much difficulty that the attempt was given 
up. Here again Krupp stepped in, and succeeded, thirty- 
two years ago, in manuf ing cannon of cast steel, 
which unhappily have become o i commodities with 
those euidenaiiiies who could afford such expensive weapons. 
Since that time Krupp has uced about 2000 guns, the 
i ished, 72 tons (16 in.). 

Sir William Armstrong and Sir Joseph Whitworth soon 
came into the field with guns of their own invention. The 
former, by adopting the system of iron coils aqoted ex- 
ternally to a central cylinder ; and the latter, by shrink- 
ing cylindrical hoops on to a central cylinder made of cast 


steel. 

In the adaptation of the steel manufacture of the cast or 
crucible steel period to the production of every object de- 
manded by the march of engineering and mechanical 
science, I need not mention the names of individuals an 
firms in this town who have shown themselves equal to the 
task; but I will venture to say that their success has been 
such as to raise the town of Sheffield to the he pinnacle of 
fame as producing steel of any, even the hig 
demanded inthe markets of the world. 

I must now turn to a name honoured everywhere for the 
benefits and renown he has brought to his country by his 
inventions and appliances, developed during the last 
twenty-four or twenty-five years, in the manufacture of 
steel which can be cheaply produced and readily adapted to 
the requirements of the purchaser. Iam sure the audience 
will in their minds anticipate the record of the name of 
Bessemer—a name which will be handed down to posterity 
in connexion with the manufacture of steel as long as that 
manufacture exists. ; 
Another name which will most deservedly figure in the 
history of the development of the steel manufacture is one, 
like that of Bessemer, which has been known not only in 
that development, but in connexion with many other dis- 
coveries in physical science—I mean that of Siemens, who, 
like his compeer, {has not only invented processes, but has 
rsonally carried them out into practical application. An 
expression let fall by the latter as President of the Iron and 
Steel Institute at its meeting last year in Paris, exhibits 
very strikingly the absence of any other feeling on the 
Loic of these two great men save that of the most frienaly 
rivalry. 

Speaking of a comparison between the results of steel 
manafactured by the Bessemer blowing process and the 
Siemens-Martin open-hearth process, Dr. Siemens said, 
** He did not see how the result could be the same. It 
might be better in the Bessemer process than in the open- 
hearth for aught he knew, but it could not be the same ;” 
and it seems to ai well for the advancement of science 
in our day that so little of a contrary spirit is exhibited in 
the discussions which ensue from time to time upon any 
improved process either chemical or mechanical, having 
for its object the production of a better material and at a 
lower first cost. The nam» of Robert Mushet may very 
properly be introduced here as one of our early inventors 
of the improved processes for the manufacture of steel, and 
it is gratifying to find that other countries besides England 
have learnt to appreciate the results obtained by him 
during so many years of scientific and experimental re- 
search. 
It is needless that I should do more in an assembly like 
that before me than refer in the simplest terms to the 
differences in the processes of manufacture connected with 
these names. / 
In that of Bessemer, pig iron of a selected quality is 
charged into what is technically called a ‘‘ converter,” a 
large cast-iron vessel into which air can be blown at con- 
siderable velocity by suitable blowing machinery. This 
goes on until the iron is thoroughly oxidised, and the im- 

urities contained in the metal are driven off. When this 
came the blowing ceases, and a certain proportion of 
spiegeleisen or of ferro-manganese is added to the charge 
82 as to give the required amount of carbon. Blowing re- 
commences, this time only to effect complete mixture of the 
materials, and then the casting of the ingots takes place of 
a quality corresponding to the metal selected for the 
mixtures. A mild steel—or, as it has been called, a = 
iron—is the resultant, and it is capable of being worked, 
welded, and hammered very much as in the case of the 
— wrought irons ; but it generally a much 

tensile resistance and a greater ductility. 

the Siemens-Martin or open-hearth process, a similar 

charge of pig iron of the desired quality—probably hematite 
pig—is put into the bed of a reverberatory furnace of the 
regenerative system, and the necessary oxidation is pro- 
daced by adding to the molten mass iron ores, or oxides of 
iron in proportions ascertained by ——, after which 
recarbonisation is obtained by the addition of ferro-man- 
ganese or spiegeleisen as in the Bessemer process. 
These processes have been the great factors in that re- 
duction in the cost price, and therefore in the extension of 
the use of such objects as steel tyres, axles, shafts, rails, 
&c., to which I have already referred, and which is so 
striking an instance of the results which our men of science 
can jaccomplish by their physical and experimental re- 
searches into the means of supplying the wants of our work- 
a-day world. 
I will now draw attention to another product of the 
steel manufacture which is of immense importance, and 
which coald not have been obtuined for ordinary purposes 
but for the facilities of manufacture arising out of the in- 
ventions I have just alluded to—I mean that of steel cast- 
ings, i.e., castings obtained from the crucible, precisely in 
the form in which they are to be used in the construction of 
machinery, just as is the case in ordinary cast iron run 
from the cupola furnace. This production of for 


engineering is an enormous and rapid de- 


est, quality | selected 


we obtain castings of a strength at least three to four 
times that of the strongest iron castings, the importance 
of this experimental discovery can scarcely be overrated. 

Nor must I pass over the application 
to the production of boiler plates, bridge girder plates, 
andship plates, in which, as a result of the greater tensile 
resistance of such oe (reaching for ordinary uses a 
figure of about 28 to 34 tons to the square inch), the engineer 
is not only enabled to lighten his structure, but to expect 
from it greater durability—an expectation not diminished 
by its greater capability of resisting corrosion, especially 
where care is taken to exclude manganese from the 
mixture of the metals employed. 

For specific purposes, and where price is not so much an 
element of consideration as great ile or percussive re- 
sistance, a more costly mode of manufacture has been 
ae Sir Joseph Whitworth, whose attention was 

robably drawn to the necessity for obtaining such a metal, 
uring the constraction of cannon and torpedoes, but 


d| which has now been extended to objects of a very varied 


character. The method of manufacture, which has been 
in use upwards of ten years, is by casting ingots, under 
very heavy hydraulic pressures, from very carefully 
materials, the result being the production of a 
metal of enormous tensile resistance, reaching, in some 
instances, the high figure of 100 tons per square inch, while 
at the same time the bubbles and air vesicles which some- 
times appear in metal produced in the ordinary methods 
are entirely or almost entirely got rid of, and the conse- 
quent striations and imperfections of internal structure and 
external surface disappear. 

It is hoped that ere long we shall be able to procure in 
this way cylindrical boiler plates rolled solid from the ingot, 
much after the fashion in which weldless steel tyres are 
now obtained, and that the weakening of these plates by 
the existing ey for forming horizontal rivetted joints 
may thus be avoided. 

It is desirable before closing this, I fear, already some- 
what long address, to call attention to the most recent de- 
velopment of the steel manufacture as exhibited in the 
processes of Messrs. Snelus, Gilchrist, and Thomas, by 
which iron containing a considerable proportion of, say, 
1.44 per cent. of phosphorus, may, in the course of its manu- 
facture into either Bessemer or Siemens-Martin steel, 
have this deleterious matter entirely removed, or reduced 
to an inconsiderable proportion. 

The method of carrying out this operation was exceed- 
ingly well described at the recent meeting of the Iron and 
Steel Institute in London, and it was shown that where 
such irons were melted in vessels lined with a slag having 
20 per cent. of silica and 30 per cent. of lime and magnesia, 
the phosphorus was gradually and effectually absorbed by 
this lining, and a steel of good quality, comparatively free 
from phosphorus and silica, was produced. 

The result to the community will naturally be that, as 
henceforth a much more extended area of our iron fields 
both at home and abroad will become .available for the pro- 
duction of steel, the use of that metal will be still further 
extended and its price reduced mainly by means of the 
methodical researches of our scientific metallurgists, and 
enti independently of those accidental combinations 
which have in less; scientific days led to the adoption of 
new and improved methods in the production of metals 

aired by the progress of mechanical and economic 
science. 








NATURAL SCIENCE.* 

By G. Jounstone Stoney, M.A., F.R.S., Secretary to 
the Queen’s University in Ireland, President of the 
Section. 

In order that we may understand the present position of 
natural science upon the earth, we must remember that 
the universe is in itself one great whole, which inclades 
minds no less than bodies, for thought is as much a 
phenomenon of what really exists as motion. But though 
the universe be but one; man with his limited powers is 
unable to treat it as such, but has to push his investigation 
of Nature when and where he can. Thus have arisen many 
sciences which were at first quite isolated. Their separate 
condition is a mark of the feebleness of our powers of in- 
vestigation. Their gradual convergence, and especially 
where yf complete contact can be established between 
them, is the mark that our advancing knowledge is pene- 

per. 

That there are many sciences of Nature, instead of one 

science of Nature, has its relation, then, to human imper- 

fection. But the coalescence of sciences has commenced, 
and is steadily taking place; magnetism is no longer iso- 
lated from electricity, nor light from heat, nor the power 
of thinking from the condition of the brain. In all such 
cases we have got nearer to understanding what is really 
going on in Nature. There are already many such achieve- 
ments of science; but, nevertheless, it remains true that 
human powers of investigation are so narrow, and the use 
we have made of them up to the present is so short of what 
we may reasonably look for in the future, that the sciences 
of Nature are s , and most of them stand lamen- 
tably aloof from can euler. 
e find, then, in the present passing condition of our 
knowledge, one group of sciences which investigate the 
henomena of consciousness ; another distinct group of the 

Biological sciences ; and a third, the group of the physical 

sciences. These are all but of the one great investi- 

tion of Nature, but for the present they exist almost 

Sisco mnected, as separate provinces of human aay 

When we endeavour to investigate mental phenomena, 
we are encountered by the complexity and remoteness of 
the effects which present th ves for examination, and 
by a deep and unpenetrated obscurity hanging over the 
* Address to the Mathematical and Physical Science 
Section (Section A) of the British Association, Sheffield, 
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velopment; and when it is considered thatin this metal 
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interval between them oy weed ary ey pier to make 
any progress even in the subordina tracing out 
the relations of these effects to one another, the ing 
finds it necessary to venture upon h esis, and 
metaphysi peremies. we 'y miss that healthy disci: 
= with which Nature in other branches of science relent- 
essly refutes our hypotheses if they are wrong. Here, 
then, is a region in which the plausible may be mistaken 
for the true; and it is unfortunately ce that it has 
ome been so mistaken by te aot home minds. 

@ biological sciences. treat o phenomena 
living -beings, except their mental phenomena, which are 
toot whi i mow remote from dir caass re te 
com is less, is 8 ‘or 
cmt. ie yet penetrated behind it. We are still occu- 
pied with phenomena which lie at a great distance from 
their real causes. We are accordingly still far beyond the 
ry of the exact sciences. Most of the great discoveries 
of biological science have been made by estimating the 
general hg of what is taught by a vast number of 
particular facts. This, it will be o ed, is a kind of 
reasoning that is necessarily more or less inexact, 
consequence, it is one which sognien wide i 
training great experience and tact 
safety.. When the re. <a has brought these qualifi- 
cations to his task, astonishing progress made in 
these sciences: without them the reasoning may 
into being either trivial or loose. f 

In the rest of the study of Nature we are not embarrassed 
by the phenomena of life, and many mysteries therefore 
p Be aside out of our path. Here lies the domain of the 

hysical sciences. It is here that the mind of man has best 
tom able to cope with the realities of the universe, and in 
vi Be: ro ee have been eff - Itis 
here reasoning a predominant place. 

The study of the physical sciences has been remitted by 
the British Association to its first two sections, chemistry 
being assigned to Section B, and the rest of the physical 
sciences to Section A. Accordingly, Section A includes the 
whole range of mathematics, along with the study of the 
conditions of rest and motion in that of matter which 
is endowed with mass, and of the phenomena of sound, 
heat, light, and electricity, with the applications of these 
abstract studies in molecular physics and to astronomy, 
oryetalingeanaas and meteorology. 

n meteorology, owing to the complication. of the ma- 
terials that have to be dealt with, we must have nent 
recoursé to the same kind of reasoning as ‘ound 
so effectual inthe biological sciences; but in the other 
physical sciences which I have enumerated exact reasoni 
prevails, and on this account they are frequently class 
together as the exact sciences. 

The process of investigation in the exact sciences is 
fundamentally one in all cases. It has been well described 
by Mill in the third book of his ‘‘ Logic.” Nevertheless, it 
is notorious that minds which are well fitted for some 
branches of physical inquiry find difficulty—sometimes 
insuperable difficulty—in pursuing others. It is not every 
eminent mathematician who would have made an equally 
good chemist, or vice versd. This is because there exists a 
practical distinction separating the investigation of exact 
science into two well-marked classes when they are viewed, 
not as they are in themselves, but in their relation to the 
powers of us human beings. I refer to the distinction 
between the experimental method or the method of ob- 
servation, on the one hand; and the deductive method, or 
the method of reasoning, on the other. All valid investiga- 
tions in exact science appeal to what can be directly per- 
ceived, and all lead to a conclusion which can be reasoned 


out from it ; but there are some of these investigations in | dra 


which the main difficulty consists in making the appeal to 
the senses, and there are others in which the main difficulty 
lies in the process of reasoning. 

To contend with these difficulties successfully requires 
very different qualities of mind and body. In experimental 
science the powers principally called into requisition are 
readiness and closeness of observation, dexterity in manipu- 
lation, skill in devising expedients, accuracy in making 
adjustments, and t patience. It also requires that the 
investigator should have an accurate memory of what else 
he has witnessed resembling the phenomenon under obser- 
vation, that he should be quick to detect every point of 
agreement and difference that can be perceived, and be 
skilful to select those which are significant, and to employ 
them as materials for provision to gaide his further pro- 


ceedings. But the strain on the reasoning powers is gene- | mixed 


rally less, often of trifling amount. The question is put to 
Nature, and it is Nature usually that gives the bulk of the 
answer. The most striking monument of splendid achieve- 
ments by Ge experimental method of investigation unaided 
by the deductive method is to be found in the science of 
chemistry. 

An equally typical instance of the power of the deductive 
method is the science of mechanics... This science, which 
has sunk deeper into the secrets of Nature than other 
Science, and which is the science towards whom ‘all other 
physical sciences are at present more or less gravitating, is 
essentially deductive. There is little or no difficulty about 
its fundamental data. They are facts of Nature so patent 
to all men, and so indelibly implanted in human conception, 
that some persons have supposed that we have an intuitive 
perception of them. But, while the materials from which 
the mind is to work are thus easily obtained, it has taxed 
to the utmost the reasoning powers of ings like 


Newton’s to evolve the few consequences of them which are 
already known, and the investigator has to call to his 
pra every aid to prolonged consecutive thought which 


“ ing. with ihe groblens af veldous 

n grapp i pro! sof Nature we are 

allowed the chines of the meethod of rntigetion we ckall 
. This is commonly settled for us and not by us. 


employ 
wee we cannot advance without further information, we 
must make further observations, i.c., we must employ the 


out | 
im oll | the 


® more 
vision of the sun’s glorious spectrum than had met 
he human eye before. In a eolintapal inentes, 
by an observation made by Foucault, he and Bunsen p 
a metallic vapour emitting bright rays in front of a still 
brighter background had to pass through this vapour, and 
they found that this vapour now caused dark lines in the 
spectrum occupyi aie positions which its own bright lines 
had before filled. Professor Kirchhoff thereupon added an 
appliance to his spectroscope which enabled him to bring a 
metallic spectrum and the solar spectrum together into the 
field of view, alongside of one another. On accomplishing 
this he saw sixty of the brightest of the iron rays as con- 
tinuations of sixty of the stro t of the dark lines in the 
sun’s spectrum ; and, by an rate scrutiny, he satisfied 
himself that the observations had been pushed to a suffi- 
cient degree of exactness to make sure that a deviation 
would have been detected in any one of these sixty cases if 
it had amounted to as much as one-fourth of the average 
interval between consecutive lines of the solar spectrum. 
From this it' was| obvious that the si coincidences are 
not due to chance, but indicate that there is really iron 
vapour in the path of the rays. It will be obse that 
Kirchhoff’s great merit and the real difficulty of his work 
lay in the scientific foresight and the industry which were 

uired to frame hypotheses that were worth testing, to 
guide the investigation by these hypotheses, to contrive, 
construct, and adjust adequate apparatus, and to make 
with it the elaborate observations and the exact observa- 
tions and maps which were necessary. But when by these 
means the new facts had been brought to light, the infer- 
ence from them that there is iron in the atmosphere of the 
san was an wf one. This example will better convey than a 
definition what are the characteristic features of an experi- 
mental inquiry. 

On the other hand, no series of observations or experi- 
ments, however skilfully a , could have enabled any 
one to a the — of A cps oa pa truly 
surprising phenomenon a top s upon ii 
while it is spinning. But a full ex tion of it is within 
the reach of any student who will train his mind to reason 
consecutively, and avail himself of the aids to prolonged 
consecutive thought which mathematicians have contrived. 


r.) involye as necessary consequences all the 
phenomena which he finds in the schoolboy’s top, in the 
physicist’s gyroscope, and in the precision and nutation of 


falls within the province of the deductive method. 
Wherever data are known exactly, these inferences from 
these data however remote may be depended upon as corre- 
sponding with what actually occurs in Nature. Andif in 
such cases the mind of man has a georel equal to the task of 
wing inferences which can effectually grapple with the 
problems he finds around him in the universe—which is, 
alas ! as yet but too seldom—then will the deductive method, 
our plummet, explore depths in the great ocean of ex- 
a are which our anchors of experiment could not have 
reached. 


The distinction which is here made between deductive 
and experimental investigations would have no place in a 
logical system. But it has direct reference to human con- 
venience, and derives its importance from this circumstance. 





the common and reap ee 4 
which he meets at the threshold of his élec 

within the reach of the mere experimentalist or the mere 
theorist. And if this treacherous lies before the 
immature student at his entrance, what shall we say of the 
bogs he struggles intoas headvances. We are aally 
meeting with inquiries of this mixed character in electricity 
and some of the other physical sciences, but they are com- 
paratively rare in either medicines or ry, and none 
that is difficult lies in the path of the beginner. How 
many students are there who are made to slur over the 
above and a multitude of similar difficulties, 


and who are 
told that they are a octehes, whan tn net ete SL 
to see Nature through a fog or through other men’s mental 
eyes. 
In mechanics valuable progress can be made by the mere 
mtbematidion, the: stadent-of deductive sclensey sults 
similar can le mere experi- 
Ssontalist, Of all i the most 


progress 
the physical sciences are 
thejmost purely experimental. 





mm deductive, and xperimen 
deaive particularly to invite attention to is that the two 


brighter incandescent body, so that the light from the | darkness. 


He will then see that the most obvious and familiar me- | ha’ 


the heavens. This, then, is a problem of Nature which | in sel 


uired in 
— of the 
iew to 
both 


reat methods of investigation may best be 
a ene ep oe md sound 


may be misapplied, and that 

against. The deductive method when md 
us in speculation, the i method 
becomes empiricism ; and it so the sciences of 


chem 

power of the two great methods of investigation, but in- 
structive examples of their weakness also. For in chemistry, 
scarce attempt at onged reasoning, carrying us by 
any b a distance from the experiments, 
can be relied 1e result has seldom risen to i 
better than speculation. And on the other hand, in me- 
chanics, usions which depend on experiments only are 
empirical ; that is, they are deficient in accuracy, and their 
relation to the other phenomena of the science is left in 
Here, then, we find in these two sciences not 
only how Cane See two methods of investigation are, 
but how weak they may become if misapplied. 
Ido not know whe any of predecessors in this 

i ienced so much “diffioul ty, or has hesitated so 
long and so much as I have hesitated in selecting the topic 
to which he would ask your attention. My first effort was 
an attempt to delineate the great recent progress of the 
mathematical and physical sciences, but it was unsatis- 
factory, partly from my own too scanty powers, and also 
because the variety and even disparity of the numerous 
sciences somewhat arbitrarily grouped together in Section A 
gave to the outline too tchy a character. My next 
attempt was to make a selection among , confining 
m, to those with which I am best acquainted, and en- 
deavouring to direct attention to the problems which at the 

resent time seem most to stand in need of solution. But 

ere I felt unwilling either to bring forward or to withhold 
views which might be disputed. I then applied myself to 
the single consideration of what I h might prove 
useful and not inopportune at a time when one aniversity, 
which I trust will prove a great university, is rising in the 
North of —~ pe and when another university which has 
carefully 


successfully fostered a rat ay ete of 
education for thirty years, and which has iby deserved 


on. 


and won the ect of educated men, has just sacri- 
ficed to ecclesiasticism in the sister isle. In this university 
I have held the most central office for twenty-two > 

uence 


and in the discharge jof my duty had largely to i 
its destiny in respect to almost every educational problem. 
Parliament in its wisdom has now seen fit to destroy this 
work, and I have not been without hope that from the ex- 

ce which has been gained some effect which shall 


may yet arise, and that the Queen’s University may 
a at ite death ueath a useful y to the 
niversity of Victoria. advancement of science in 


the North of England will largely d for many years 
on the wisdom of the ang song pam training 
which are adopted at by the new university ; and 1 
ve therefore ventured, at this peculiar pees to 
Srinciploc which mesa thonghb Ged ateny trisha ententing 
princi; w m many i 
over several have led me to believe should guide the 
ecting thi of a curriculum. 
I have sought to show that itis:in the study of mechanics 
and in tke practice of chemistry that the two + methods 
> i a pape uired. me em they ma 
studied separately, by s graduated difficulty, an 
with a superabundance of. materials; and each of them 
supplies the n cautions with res; to the method 
which is all powerful in the other. No scientific man is 
Sp ee capieal talks tos eqpamtclyrdcatebavena ot 
em e ately acquired a Pp 
each. Hor. tt ta: only then that ke will No nemod aguiast 
the errors which so many to mistake empiricism on the 
one hand and speculation on the other for solid science, or 
to underrate solid science mistaking it for speculation. 
Nor is it only in his scientific occupations that he will derive 
benefit from this training. All exact reasoning, whether 
in science or in common life, belongs to these great 
divisions ; and in the numberless instances in which we 
must be ee ee ee 
exact, our only safety lies in having by the practice o' 
exact reasoning, both deductive and experimental, attained 
to that intell tact and caution which alone will enable 
us to handle with safety the sharp and slippery tool. It is 
thus that a sound judgment with regard to truth may best 
be acquired by man or woman; and so of judgment 
is the noblest endownment of man’s understanding, just as 
veracity is first among his virtues. 





ON RADIANT MATTER,* 
By Wiut14m Croouns, F.R.S. 
To throw li on the title of this lecture I must go 


back more than si ears—to 1816. Faraday, then a 
pe int, 

vered a series of lect Pro ried 

“e in 

Radiant Matter.” The great'philosopher’s notes of this 


mere student and was twenty-four 
ears old, and at this early period of his career he de- 
i ures on General perti 
Matter, and one of them bore the remarkable title 
lecture are to be found in Dr. Bence Jones’s “‘ Life and 
Letters of Faraday,’’ and I will here quote a i 


which he first the expression 

“* Tf we conceive a change as far beyond 
that is above fluidity, and then take into account also the 
proportional increased extent of alteration as th¢ 
rise, we shall , if we can form any at all, 
not fall far of radiant matter; and as in the last 





* A lecture delivered to the British Association for the 





creed of Science, at Sheffield, Friday, August 22, 











166 ENGINEERING. 


[Aus, 29, 1879. 








x 


on each side of the negative pole in the centre. When the 
exhaustion is good, as in the tube before you, and I turn 
on the coil, the dark space is seen to extend for about an 
him | inch on each side of the pole. 



















































8 ing b: x 

and they show that in the intervening three 
thought much and deeply on thes Kiker 
He first points out that matter may be : 
states—solid, liquid, gaseous, and radiant—these modifica- 
tions depending upon differences in their several essential 
properties. He sdmite that the existence of radiant matter 
is as yet unproved, and then proceeds, ina series of in- 
genious ogical arguments to show the probability of its 
existence.* 

If, in the beginning of this century, we had asked, What 
is a gas? the answer then would have been that it is matter, 
expanded and rarefied to such an extent as to be impalpable, 
save when set in violent motion; invisible, incapable of 
assuming or of being reduced into any definite form like 
solids, or of forming drops like liquids; always ready to 
d where no resistance is offered, and to contract on 


DO i 
i. 


i 


Here, then, we see the induction spark actually illumi- 


| WMA 





ex - - : 
: ress : ears were | nating. the lines of molecular pressure caused by the excite- 

— a a eo oun M ae ae ment of the negative pole. The thickness of this dark 
. * | space is the measure of the mean free path between suc- 


however, has greatly and modified our views on 
the constitution of these elastic fluids. Gases are now con- 
sidered to be composed of an almost infinite number of 
small particles or molecules, which are constantly moving 
in every direction with velocities of all conceivable magni- 
tudes. As these molecules are exceedingly numerous, it 
follows that no molecule can move far in any direction 
without coming in contact with some other molecule. But 
if we exhaust the air or contained in a closed vessel, 
the number of molecules mes diminished, and the dis- 
tance throngh which any one of them can move without 
coming in contact with another is increased, the length of 
the mean. free path being inversely proportional to the 
number of molecules present. The further this process is 
carried the longer becomes the average distance a mole- 
cule can travel before entering into collision; or, in other 
words, the longer its mean free path, the more nap pee 
properties of the gas or air are modified. Thus, at a cer- 
tain point, the phenomena of the radiometer become possible, 
and on pushing the rarefaction still further, ¢.e., decreas- 
ing the number of molecules in a given space and hen- 
ing their mean free. path, the experimental results are 
obtai to which I am now about to call your attention. 
So distinct are these phenomena from anything which 
occurs in air or gas at the i tension, that we are 
led to assume that we are here brought face to face with 
matter in a fourth state or condition, a condition as far 
removed from the state of gas as a gas is from a liquid. 

Mean Free Path. Radiant Matter.—I have long believed 
that a well-known appearance observed in vacuum tubes 
is closely related to the phenomena of the mean free path 
of the molecules. When the negative pole is examined 
while the discharge from an induction coil is passing through 
an exhausted tube, a dark » is seen to surround it. 
This dark space is found to increase and diminish as the 
vacaum is varied, in the same way that the free mean path 
of the molecules | ens and contracts. As the one is per- 
ceived by the mind’s eye to get greater, so the other is 
seen by the bodily eye to increase in size ; and if the vacuum 
is insufficient to permit much play of the molecules before 
they enter into collision, the passage of electricity shows 
that the ‘‘ dark s ** has shrunk to small dimensions. We 
naturally infer that | he dark space is the mean free path 
of the molecules of the residual gas, an inference confirmed 
by experiment. 

I will endeavour to render this ‘“‘dark space’’ visible to 
all present. Hereis a tube (Fig. 1), having a pole in the 
centre in the form of a metal disc, and other poles at each 
end. ‘The centre pole ia made negative, and the two end 

les connected ether are made the itive terminal. 

he dark space will be in the centre. hen the exhaus- 
tion is not very great the dark space extends only a little 


cessive collisions of the molecules of the residual gas. 
The extra velocity with which the negatively electrified 
molecules rebound from the excited pole keeps back the 
more slowly moving molecules which are advancing to- 
wards that pole. A conflict occurs at the boundary of the 
dark space, where the luminous margin bears witness to the 
energy of the discharge. 

Therefore the residual gas—or, as I prefer to call it, the 

us residue—within the dark space is in an entirely 

ifferent state to that of the residual gas in vessels at a 

lower degree of exhaustion. ‘To quote the words of our last 
year’s President, in his address at Dublin : 

‘In the exhausted column we have a vehicle for electri- 
city not constant like an ordinary conductor, but itself 
modified by the passage of the discharge, and perhaps sub- 
ject to laws differing materially from those which it obeys 
at atmospheric pressure.’ 

In the vessels with the lower degree of exhaustion, 
the length of the mean free path of the molecules is 
exceedingly. small as com with the dimensions of 
the bulb, and the properties belonging to the ordinary 
gaseous state of matter, depending upon constant colli- 
sions, can be observed. But: in the ee ae now 
about to be examined, so high is the exhaustion carried 
that the dark space around the negative pole has widened 
out till it entirely fills the tube. By great rarefaction 
the mean free path has become so long that the hits in 
a given time in comparison to the misses may be disre- 
garded, and the average molecule is now allowed to obey 
its own motions or laws without interference. The mean 
free path, in fact, is comparable to the dimensions of the 
vessel, and we have no longer to deal with a continuous 

rtion of matter, as would be the case were the tubes less 

ighly exhausted, but we must here contemplate the 
molecules individually. In these highly exhausted vessels 
the molecules of the gaseous residue are able to dart across 
the tube with comparatively few collisions, and radiating 
from the pole with enormous velocity, they assume pro- 
— so novel and so characteristic as to entirely justify 
he application of the term borrowed from Faraday, that of 
radiant matter. 

Radiant Matter exerts Powerful Phosphorogenic Action 
where it Strikes.—I have mentioned that the radiant 
matter within the dark space excites luminosity where its 
velocity is arrested by residual gas outside the dark space. 
But if no residual e is left, the molecules will have their 
velocity arrested by the sides of the glass; and here we 





of radiant matter discharged from the negative pole—its 
power of oe phosphorescence when it strikes against 
solid matter. he number of. bodies which respond 
luminously to this molecular bombardment is very great, 
and the resulting colours are of every variety. Glass, 
for instance, is highly phosphorescent when exposed to a 





* “T may now notice a curious ion in physical 


properties accom ing changes of form, and which is 0 
perhaps safficient to induce, in the inventive and sanguine | stream of radiant matter. ere (Fig. 2) are three bulbs 
philosopher, a iderabl belief in the association 





of the radiant form with the others in the set of changes [ 
have mentioned. 

** As we ascend from the solid to the fluid and gaseous 
states, physical properties diminish in number and variety, 
each state losing some of those which belonged to the pre- 
ceding state. en solids are converted into fluids, all the 
varieties of hardness and softness are necessarily lost. 
Crystalline and other shapes are destro Opacity and 
colour frequently give way to a colourless transparency, 
and a general mobility of particles is conferred. 

** Passing onward to the gaseous state, still more of the 
evident characters of bodies are annihilated. The immense 
differences in their weight almost disappear ; the remains 
of differences in colour that were left, are lost. Trans- 
parency becones universal, and they are all elastic. They 
now form bat one set of substances, and the varieties of 
density, hardness, opacity, colour, elasticity and form, 
which render the number of solids and fluids almost infinit® 
are now supplied by a few slight variations in weight, and 
some unimportant of colour. 

“To those, therefore, who admit the radiant form of 
matter, no difficulty exists in the simplicity of the pro- 

es it possesses, but rather an argument in their favour. 
hese persons show you a gradual resignation of pro- 
perties in the matter we can appreciate as the matter 
ascends in the scale of forms, and they would be surprised 
if that effect were to cease at the gaseous state. They 
point ont the greater exertions which nature makes at 
each step of the change, and think that, consistently, it 
ought to be t in the from the gaseous to 
the radiant form,’’—Life a of Faraday, vol. i., 
page 308, 





composed of different glass : one 1s uranium glass (a), which 
phosphoresces of a dark green colour ; another is English 
glass (b), which phosphoresces of a blue colour ; and the 
third (c) is soft German glass—of which most of the ap- 
ney before you is made—which phosphoresces of a 


ht a. 
y i yng were almost entirely carried on 
by the aid of the phosphorescence which glass takes up 
when it is under the influence of the radiant Rubee ; but 
other substances possess this phosphorescent power in 
higher degree than glass. For instance, here is some 
of the luminous sulphide calcium prepared according to 
M. Ed. Becquerel’s description. When the sulphide is 
to light—even candlelight—it phosphoresces for 
hours with a bluish white colour. It is, however. much 
more strongly phosphorescent to the molecular discharge 
ina vacuum, a8 you will see when I pass the discharge 
through this tube. : 
Other substances, besides English, German, and uranium 





come to the first and one of the most noteworthy properties | P 





glass, and merel’s luminous sulphides, are also phos- 
phorescent. @ rare mineral —— (aluminate of 
e@ mineral spodumene (a 


glucinum) phosphoresces blue; t 
ilicate aluminium and lithium) phosphoresces a rich 
iden ane ge the emerald gives out a crimson light. 
ut without exception, the diamond is the most sensitive 
substance I have yet met for ready and brilliant phos- 
phorescence. Here is a very curious fluorescent diamond, 
by daylight, colourless by candlelight. It is mounted 


in the centre of an exhausted bulb (Fig. 3), and the molecular 
FICS. 





discharge will be directed on it from below upwards. On 
—— te ~—" ep ———— lew with as 
much light as a candle, phosphorescing of a bright green. 
Next to the diamond the ruby is one of the most remark- 
able stones for phosphorescing. In this tube (Fig. 4) is a 


t = 
— S55) tL 





fine collection of ruby pebbles. As soon as the induction 
spark is turned on you will see these rubies ~ wry, with a 
brilliant rich red tone, as if they were glowing hot. It 

matters what colour the ruby is, to begin with. 
In this tube of natural rubies there are stones of all 
colours—the deep red and also the pale pink ruby. There 
are some so pale as to be almost colourless, and some of 
the highly-prized tint of pows's blood; but under the 
impact of radiant matter they all phosphoresce with about 
the same colour. 

Now the ruby is goiving bee crystallised alumina with a 
little colouring matter. a r by Ed. Becquerel,* 
published twenty years ago, he describes the appearance of 
alumina as glowing with a rich red colour in: the phos- 
horoscope. Here is some precipitated alumina prepared 
in the most careful manner. It has been heated to white- 
ness, and you see it also glows under the molecular dis- 
charge with the same rich red colour. 

The spectrum of the.red light emitted by these varieties 
of alumina is the same as described by Becquerel twenty 
years ago. There is one intense red line, a little below the 
fixed line B in the spectrum, having a wave-length of about 
6895. There is a continuous spectrum beginning at about 
B, and a fewer fainter lines beyond it, but they are so faint 
in comparison with this red line that they may be neglected. 
This line is easily seen by examining with a small pocket 
spectroscope the light reflected from a good ruby. 

There is one parti of exhaustion more 
favourable than any other for the development of the pro- 
perties of radiant matter which are now under examina- 
tion. Roughly speaking it may be put at the millionth of 
an atmosphere.t At this degree of exhaustion the phos- 

horescence is very strong, and after that it begins to 
iminish until the spark refuses to pass.f 

* Annales de Chimie et de Physique, ‘I'hird Series, vol. 
lvii., p. 50, 1859. 

1.0 millionth of anatmosphere= 0.00076 mm. 
= 1.0mm. 


1315.789 99 ” 
1,000,000. 98 oe =760.0 mm. 
1 atmo. 


1,000,000. pe inn 

t Nearly 100 years ago Mr. Wm. Morgan communicated 
to the Royal Society a paper entitled ‘‘ Electrical Experi- 
ments made to ascertain the Non-Conducting Power of a 
Perfect Vacuum, &c.’’ The following extracts from this 

, which was published in the Phil. Trans. for 1785 
Pol. Ixxv., p- 272), will be read with interest : 

“A mercurial me about 15in. long, carefully and 
accurately boiled till every icle of air was expelled from 
the inside, was coated with tin-foil 5 in. down from its 
sealed end, and being inverted into mercury through a 
perforation in the brass cap which covered the mouth of the 
cistern ; the whole was cemented together, and the air was 
exhausted from the inside of the cistern through a valve in 
the brass cap, which producing a ect vacuum in the 
gage formed an i ent i well adapted for ex; 
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I have here a tube (Fig. 5) which will serve to illus- 
trate the dependence of the phosphorescence of the glass 
on the degree of exhaustion. The two poles are at a 
and b, and at the end (c) is a small stgulimanutony tube 


conn with the other by a narrow aperture, and 
containing solid caustic potash. The tube has been 
exhay to a very high point, and the potash heated 


so as to drive off moisture and injure the vacuum. 
Exhaustion has then been recommen 


heating and exhaustion repeated until the tube has been 
+ Fic.5 
of Fees 


c 


4 











brought to the state in which it now appears before 

cou: When the induction —- is first turned on nothing 
is visible—the vacuum is so high that the tube is non-con- 
dueting. I now warm the potash slightly and liberate a 
trace of aqueous vapour. Instantly conduction commences, 
and the green phosph flashes out along the length 
of the tube. I continue the heat; so as to drive off more 
gas from the potash. The green gets fainter, and now a 
wave of cloudy luminosity sweeps over the tube, and strati- 
fications appear, which rapidly get narrower, until the 
spark ‘passes along the tube in the form of a narrow purple 
line. - I take the lamp away, and allow the potash to cool ; 
as it cools, the aqueous vapour, which the heat had driven 
off, is re-absor The purple line broadens out, and 
breaks up into fine stratifications ; these get wider, and 
travel towards the potash tube. Now a wave of green light 
appears on the glass at the other end, sweeping on and 
driving the last pale stratification into the potash; and 
now the tube glows over its whole length with the green 
phosphorescence. I might keep it before you, and show 
the green growing fainter and the vacuum ming non- 
conducting ; but £ should detain you too long, as time is re- 
quired for the absorption of the last traces of vapour by the 
potash, and I must pass on to the next subject. 

The radiant matter whose impact on the glass causes an 
evolution of light, absolutely refuses to turn a corner. 
Here is a V-shaped tube (Fig. 6), a pole being at each ex- 





| 
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tremity. The poleatthe right side (a) being negative, you 
see that the whole of the right arm is flooded with green 
light, but at the bottom it stops sharply and will not turn 
the corner to get into the left side. When I reverse the 
current and make the left pole negative, the green changes 


periments of this kind. Things being thus adjusted (a 
small wire having been previously fixed on the inside of the 
cistern to form a communication between the brass cap and 
the mercury, into which the gage was inverted) the coated 
end was applied to the conductor of an electrical machine, 
and actulibenading every effort, neither the smallest ra; 
of light, nor the slightest charge, could ever be proc 


in this exhausted gage. 

** If the mercury in the e be imperfectly boiled, the 
experiment will not su ; but the colour of the electric 
light, which in air rarefied by an exhauster is always violet 
or purple, appears in this case of a beautiful green, and, 
what is very curious, the degree of the air’s rarefaction 
may be nearly determined by this means ; for I have known 
instances, during the course of these e iments, where a 
small particle of air having found its way into the tube, 
the electric light became visible, and as usual of a green 
colour; but the c' e being often repeated, the gage has 
at length cracked at its sealed end, and in consequence the 
external air, by being admitted into the inside, has 
gradually produced a c in the electric light from 
green to blue, from blue to indigo, and so on to violet and 
fue, till the medium has at length become so dense as no 

onger to be a conductor of electricity. I think there can 
be little doubt, from the above experiments, of the non- 
conducting power of a perfect vacuum.” 

**This seems to prove that there is a limit even in the 
rarefaction of air, which sets bounds to its conducting 
power ; or, in other words, that the particles of air may be 
so far separated from each other as no longer to be able to 
transmit the electric fluid; that if they are brought 
within a certain distance of each other, their conducti 
power begins, and continually increases till their Soeeaik 
also arrives at its limit.’’ 





, and the alternate | manage 





to the left side, always following the negative pole and 
leaving the positiye side with scarcely any luminosity. 
In the ordinary phenomena exhibited by vacaum tubes— 
jhenomena with which we are all familiar—it is custo . 
in order to bring out the striking contrasts of colour, 
bend the tubes into very elaborate designs. The luminosity 
caused by the phosphoresvence of the residual follows 
all the convolutions into which skilfal . glass- can 
to twist the glass. The'negative = being at one 
end and the positive pole at the other, the luminous pheno- 
mena seem to depend more on the positive than on the 
negative at the ordinary exhaustion hitherto used to get the 
best phenomena of vacuum tubes. But at a very high 
exhaustion the phenomena noticed in vacuum 
tubes when the induction spark passes thro them—an 
appearance of cloudy luminosity and of stratifications—dis- 
ap) entirely. No cloud or fog whatever is seen in the 
of the tube, and with such » vacuum as I am working 
with in these experiments, the ms light observed is that 
from the phosphorescent surface of the glass. I have here 


two bulbs (Fig. 7), alike in shape and position of poles, the 
FIG.7 





only difference being that one is at an exhaustion equal to 
a few millimetres of mercury—such a moderate exhaustion 
as will give the ordinary luminous phenomena—whilst the 
other is exhausted to about the millionth of an atmosphere. 
I will first connect the moderately exhausted bulb (A) with 
the induction coil, and retaining the pole at one side (a) 
always negative, I will put the positive wire successively to 
the other poles with which the bulb is furnished. You see 
that as I change the position of the positive pole, the line 
of violet light joining the two poles changes, the electric 
current always choosing the shortest path between the two 
poles, and moving about the bulb as I alter the position of 
the wires. 

This, then, is the kind of phenomenon we get in ordinary 
exhaustions. I will now try the same ees with a 
bulb (B) that is very highly exhausted, and as before, will 
make the side pole (a’) the negative, the top pole (b) being 

itive. Notice how widely different is the appearance 
rom that shown by the last bulb. The negative pole is in 
the form of a shallowcup. The molecular rays from the 
cup cross in the centre of the bulb, and thence diverging 





fall on the ——— side and produce a circular patch of 
green phosphorescent light. As I turn the bulb round Fea 
will all be able to see the patch on the glass. Now 
observe, I remove the positive wire from the top, and con- 
nect it with the side pole (c). The green patch from the 
divergent negative focus is there still. I now make the 
lowest pole (d) positive, and the green patch remains where 
it was at first, unchanged in position or intensity. 

We have here another property of radiant matter. In 





























































































the low vacuum the position of the positive pole is of every 
importance, whilst in a high vacuum the a ition of the 
ve scarcely matters at all; the omena seem 
nd entirely on the n ve pole. If the negative 
Ber ee pole i tively ony sate izection 

Dt e negative is en in 0} i irection 
pe! eater ty uence : the radiant matter darte all the 

ight from the negative. 


same in a 
If, instead of a flat disc, a hemi-cylinder is used for the 
negative pole, the matter still radiates normal to its surface. 
The tube before you (Fig. 8) illustrates this property. It 
contai negative pole, a hemi-cylinder ta) of polished 
. is is connected with a fine copper wire b, 
e at the platinum terminal c. At the upper end of 
ested ap ah the baad eplinhie i sagelivs tol fis lene, 
n 80 emi. is negative and the u 
pole positive, and when exhausted to a sufficient extent the 
eee Oe maicetinn tage te a focus is very beauti- 
ally shown. The rays of matter being driven from the 
hemi-cylinder in a direction normal to its surface, come to 
a focus and then diverge, tracing their path in brilliant 
green phosphorescence on the surface of the glass. 
Instead of receiving the molecular rays on the glass, I 
will show you another tube in which the foous f on a 
how brilliantly the lines of 


hosphorescent screen. 
discharge shine out, and how intensely the focal point is 
illuminated, lighting up the table. 

Radiant Matter when intercepted by Solid Matter 
casts a Shadow.—Radiant matter comes from the pole in 
straight lines, and does not merely permeate all parts of 
the tube and fill it with light, as would be the case were 
the exhaustion less . Where is nothing in the 
way the rays st the screen and produce phospho- 
rescence, and where solid matter intervenes they are 
obstructed by it, and a ww is thrown on the screen. 
In this pear-shaped bulb (Fig. 9) the negative pole (a) is 








at the pointed end. In the middle is a cross (b) cut ont of 
sheet aluminium, so that the rays from the negative pole 
projected along the tube will be partly intercepted by the 
aluminium cross, and will Project an image of it on the 
hemispherical end of the tube which is phosphorescent. I 
turn on the coil, and you will all see the black shadow of 
the cross on the luminous end of the bulb (c,d). Now, the 
radiant matter from the negative pole has been passing 
the side of the aluminium cross to produce the shadow ; 
the glass has been hammered and bom ed till it is ap- 
reciably warm, and at the same time another effect has 
Ce produced on the glass—its sensibility has been 
deadened. The glass has got tired, if I may use the ex- 
ression, by the enforced ye change has 
—~ produced by this molec bombardment which will 
prevent the glass from responding easily to additional ex- 
citement ; but the part that the shadow fallen on is not 
tired—it has not been phosphorescing at all and is perfectly 
fresh ; therefore if I throw down this cross—I can easily 
do so by giving the apparatus a slight jerk, for it has been 
most ingeniously constructed with a hinge by Mr. Giming- 
ham—and so allow the rays from the papetive pele to fi 
uninterruptedly on to the end of the bulb, you will suddenly 
see the black cross (c, d, Fig. 10) change to a luminous one 


ko) 


(e, f), because the background is now only capable of 
faintly aay py whilst the part which had the black 
shadow on it retains its full phosphorescent power. The 
stencilled image of the luminous cross unfortunately soon 
dies out. After a period of rest the glass partly recovers 
its et 4 4 phosphorescing, but it is never so good as it 
was at first. 

Here, therefore, is another important property of radiant 
matter. It is projected with great velocity from the nega- 
tive pole, and not only strikes the glass in such a way as 
to cause it to vibrate and become temporarily luminous 
while the discharge is going on, but the molecules hammer 
away with sufficient energy to luce a permanent im- 
pression — the glass. 

Radiant Matter ewerts Strong Mechanical Action 
where it Strikes.—We have seen, from the sharpness of the 
molecular shadows, that radiant matter is arrested by 
solid matter placed in its path. If this solid body is easily 
moved the impact of the molecules will reveal itself in 
strong mechanical action. Mr. Gimingham has constructed 

ious piece of unin which when placed 
lantern will render this mechanical action 
visible to all present. It consists of a highly exhausted 
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matter darts from it along the tube, and striking the up 

ye aS 

mg the way. By reversing poles I can 

arrest the wheel and send it the reverse way, and if I 

incline the tube the force of im is observed to be 
sufficient even to drive the wheel up hill. 

This experiment, therefore, shows that the molecular 
stream from the negative pole is able to move any light 
object in front of it. 

The molecules being driven violently from the pole there 
should be a recoil of the pole from the molecules, and by 


3 


arranging an ap tus so as to have the negative pole 
movable and the body receiving the im of the radiant 
matter fixed, this recoil can be rend sensible. In ap- 


pearance the apparatus (Fig. 12) is not unlike an ordinary 





radiometer with aluminium dises for vanes, each disc 
coated on one side with a film of mica. The fly is ee 
by a hard steel instead of glass cup, and the needle point 
on which it works is connected by means of a wire with a 
platinum terminal sealed into the glass. At the top of the 
radiometer bulb a second terminul issealed in. The radio- 
meter, therefore, can be connected with an induction coil, 
the movable fly being made the negative pole. 





For these mechanical effects the exhaustion need not be 
so high as when phosphorescence is prodaced. The best 
ressure for this electrical radiometer is a little beyond 
tat which the dark — round the negative pole ex- 
tends to dhe aise eh Re 9 bulb. When the pressure is 
only a few milli mercury, on ing the induc- 


tion current a halo of velvety violet light forms on the 
metallic side of the vanes, the mica side remaining dark. 





hro 


to a very high point. " 

By means of the electric lantern I project an image of 
the vanes on the screen. Wires from the induction coil 
are attached, so that the platinum ring is made the negative 
pole, the aluminium wire (e) being positive. Instantly, 
owing to the projection of radiant matter from the platinum 
rivg, the vanes rotate with extreme velocity. us far 
the apparatus has shown nothing more than the previous 


ae 


— ents neve acm us Ao ex ve lame me what 
BO \ppens. p ’ 
now happens disconnect inum wire @ small 
ee a eeiaie ae tee task is celles tpl a fut 2 
Gid whan tw ldteclion coll was'at work. 
, then, is most im + fact. Radiant 
ey oe 
a wire se 
it eee ih taree eamoloct (0 drive round the sloping 
vanes. 
(To be continued.) 





TEMPERATURE OF TOWN WATER 
SUPPLIES.* 


By Batpwin a Inst. C.E., F.G.S., 
TeMPERaTuRe has a considerable amount of influence 
n 


ing a supply of water palatable or otherwise. A 
i in beyond about 55 deg. renders water 
vapid and insipid, and favours certain organic developments 
that render some water unwholesome. 

The su of water as it exists in logical strata, 
such as the , new red sandstone, other geologi 
formations, possesses, in situ, a marked uniformity of - 
perature thronghout the year. Itis on this account that 
some of the most distinguished men of science strongly 
recommend a public supply of water from the chalk, new red 
sandstone, and other water-bearing strata, as being more 
agreeable for dietetic purposes than the water supply taken 
from other sources liable to considerable changes of tem- 
perature. 

It has been generally assumed that water taken from 
superficial sources, such as from a river, or from impound- 
ing reservoirs, contrasts unfavourably with regard to its 
temperature with water supplied from wells and springs. 
It will be generally admi that the water in deep we 
has a pretty uniform and agrecable temperature throughout 
the year. On the other hand, the water supply in rivers or 
impounding reservoirs has a fluctuating temperature vary- 
ing with the season of the year, being warm in summer 
and cold in winter, while the water in wellsis always much 
colder than the ordinary temperature of summer, and is 
warmer than the ordinary temperature of winter. The 
water of shallow and polluted wells is often used for dietetic 
purposes in preference to the supply of pure water laid on 
to a house in consequence of the agreeable and refreshing 
—— of the well supply. 

That changes of temperature do influence water to a con- 
siderable di is ‘clear, as every rise of temperature in 
water liberates air and other gaseous matter contained in the 
water ; on the other hand water will imbibe the gaseous 
matter when again cooling down, and it is on this account 
that water stored in the cistern of a house attracts to itself 
impurities, and is thus rendered foul and unwholesome. It 
is a si fact, however, that if the mean tempera- 
ture of the water, as derived from a river or from a well, 
throughout the year, is taken, there is very little difference 
in the mean temperature, but there is very considerable 
difference in the range of temperature, that is between the 
highest and the lowest tem, observed during the 

‘iod. The tem ure of water at its source whether it 
in a well or @ river, and the temperature of the water as 
delivered to the house of the consumer are, however, totally 
different things, and this is a point which has hitherto been 
overlooked. ‘ 

The author has made a number of observations on the 
temperature of ‘water both at its source and as delivered to 
the consumer, and these results show that whatever the 
source of water supply, there is little difference in 
temperature when the water arrives at ‘the tap of the con- 
some. Peaks - its source ey. have a very uniform 

m ure sach as is possessed by supplies taken from the 
chalk ee the new red sandstone, or it may have considerable 
range of temperature as in the case of water taken from an 
impounding reservoir or from a river, but notwithstand- 
these differences of ture, the water as delivered 


i 


in 

will be found to be of a tem pretty near! 
that of the of the groand throughout the — 
at the depth at which the distributing mains of the district 
are laid. In stimmer all water mains tend to either raise 


or maintain a high temperature of the water supply, while 
os winter thay on as refrigerators, and cool or ruise the 
temperature of the supply, 

at its source a higher or a lower temperature 
the temperature of the ground at the depth at which the 
mains are 





the author has daily 

temperature of the c'! water as supplied to 
his house at Croydon, and has also noted the temperature of 
Che wet is Oe aris oven wells baler’ > bas bese pemped 
for enapiy. nee eer rnnone as au s house 
the water was taken from a tap in direct communication 


For upwards of two and a half 
Pr 


hich | with the street main, and in every case the water was 


allowed to flow from the tap for a sufficiently ug ee or 
until the temperature had me uniform. It should also 
be noted that the water supply of the district has been 
constant during the whole over which the tempera- 
tures given in this paper refer, 

Taking the results of the last twelve months, commencing 
July, 1878, to the end of June, 1879, a period which em- 
braces some of the hottest and the coldest weather we have 
experienced for some years past, it was found that- while 
the temperature of the water in the wells before being pumped 
for the su; iy gave an average temperature throughout 
the year of .96 deg. Fahr., the of tempera- 
ture or the difference between the highest and the lowest 
temperatures was but 0.64 deg., the highest average tempe- 
rature for the month being 51.28 deg. in September, and 
the lowest 50.64 deg. in March. The highest av 
temperature of the water for the month delivered at the 
author’s house direct from the mains was 62.25 deg. in 
July, and the lowest was 41.11 deg. in January, showing 
a range of 21.14 deg., while the average temperature 
throughout the year was 50.37 deg., being only 0.59 deg. 
under the average of the water in the wells, while the 
difference in the range was 20.5 deg. This same water 
when stored in an exposed cistern at the author’s house 
was found to an average temperature of 68.71 deg. 
in July and 40.66 deg. in January, showing a range of 
28.05 deg. The average temperature in this cistern 
throughout the year was 52.03 7. being a difference of 
but 1.07 deg. from theaverage temperature of the water in 


the wells. 

The un und temperature has also been observed at 
various depths by the author, and a thermometer in a tube 
2.75 ft. in depth during the same period was found to give 
an average temperature throughout the year of 48.77 deg.., 

.79 deg., and the 


the greatest average being for July 
lowest 37.04 deg.'in January, showing a e of 26.75 deg. 
Another thermometer in a tube 4.75 ft. » gave an 


average temperature throughout the year of 49.41 deg., the 
greatest average temperature being in August 60.89 deg., 
and the lowest in November 40.40 deg., showing a range of 
20.49 deg. The water mainsin Croydon are laid as a rule 
at a level between the'depths of the two tubes, the tempera- 
tures of which have been before given. It will therefore 
be seen that the temperature of the chalk water at Croydon 
is modified by the temperature of the ground in which the 
mains are laid, and at which it flows to the consumer. 
ing the same iod, ly observations of the 
of the water supplied at the author’s offices in 
estminster were taken, the ly being derived from the 
ater Company’s mains by 
tem throug Lost thtpeas wapel@edoe.. 
ture on! year was 51, eg 
differing but 0.67 deg. from the average temperature of ‘the 
chalk water as delivered direct from the ‘mains at the 
author’s house at Croydon, and differing but 0.08 deg: 


from the temperature of the chalk water within the wells 


at Cro: . The range of temperature was found to be 
24.69 deg., — highest in July 65.29 deg., and lowest in 
January 40.60 deg. 


The author has also from time to time at different places 
observed that in towns drawing their water supply from 
impounding reservoirs this same marked difference of 
temperature, and that the temperature of all water, what- 
ever its source, is influenced in every case, and at every 
period of the year, by the temperatare of the ground at 
which the distributing mains are laid, and consequently the 
tem’ of water furnished from water works and sup- 
plied to the consumer is totally independent of the tempera- 
ture of the water at its source. 


Table Showing the Temperature of Town Water Supplies. 
1878- and 1879. 
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1878. 
July nail © wal 51.07 | 62.25| 68.71] 63.79| 569.86] 65.29 
August... 51.22} 61.93| 62.96] 62.90] 60.89} 63.57 
September 51.28| 58.62| 59.46] 59.51| 59.08] 58.87 
October... 51.23| 55.22| 55.76] 54.57| 55.49] 55.18 
November... -| 51,10| 46.71} 46.53 | 44,58 | 48.28) 45.46 
ream ete 50.91| 42.78] 42.61] 38,71} 43.02} 41.26 
879. 
January .. 9 +» -| 60.82] 41.11] 40.66] 37.04} 40.44} 40.60 
February ... -| 50.73 | 41.81 48.48| 3845| 40.40) 42.31 
March .| 50.64 | 43 34] 45.66} 40.95] 41.98] 44.96 
April 650.80 | 47.09 | 47.41 | 44.24) 44.31 | 46.76 
ay... 60.76| 48.85 | 51.60} 45.18] 46.96} 50.36 
June 51.03 | 54.74] 59.80} 66.42) 52.22) 57.65 
Totals 12 months 611.59 | 604.45 |624.44 [585.34 |592.93 |612.57 
Average ... 50.96 | 50.87] 52.03] 48.77] 49.41} 51.04 
Maximum ... 5L5 | 64.8 | 71.5 | 66.3 | 613 | 684 
Minimum ... 50.5 | 49.7 | 336 38.2 
Mean aa - 51.0 | 52.25] 59.55) 50.77| 49.75) 53.3 
Range pe 10 | 25.1 | 37,9 23.1 | 30.2 








As the pressure diminishes, a dark space is seen to se 
the violet halo from the metal. At 


@ pressure of a 





. read before Section G of the British Association 
at Sheffield. 
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THE SPECIFIC INDUCTIVITY OF GLASS. 
On Secular Changes in ~ aac Inductive Capacity 


m7) 
By J. E. H. Gorpon, B.A., Assi 
British Association. 
At Christmas, 1877, I made some determinations of the 
ific inductive capacity of optical fo 9 by a method 

which has already been fully descri both before this 
section and elsewhere. t 

At the end of July, 1879, I commenced a repetition of 
the experiments, using the same slabs of glass, and was 
surprised to find a large increase in the specific inductive 
capacity inevery case. In some cases the increase was as 
much as 20 per cent 




















The following is a Table of the results : 
Specific Inductive Capacity of Optical Glass. 
pa. Christmas, (July and August, 
1877. 1879. 
Double extra dense flint 3.164 3.838 
Extra dense flint 3.053 3.621 
Light flint .. 3.013 3.443 
Hard crown 3.108 3.310 











The arrangement of the apparatus, including the coil and 
rapid break, was precisely the same as in my earlier ex- 
periments. The electromotive force was as nearly as 
possible the same, and experiment has shown that moderate 
variations in it do not affect the results. 

The differences observed might have been caused by any 
one of three things : 

1. By error in the 1879 experiments. 

2. By error in the 1877 experiments. 

3. By a change in the specific inductive capacity of the 
glass between Christmas, 1877, and July, 1879. 

Careful repetition of the 1877 experiments have convinced 
me that there is no error in them. 

If the difference is caused by error in the 1877 experi- 
ments, then in 1877 I must have obtained too low a result. 
With my induction balance the effect of covering the 
dielectric with a well-conducting film is to prevent observa- 
tion ; the effect of covering it with a badly-conducting film 
is to give too low a result. 

ore rejecting the second explanation of the difference, 
based on the hypothesis of error in the 1877 experiments, it 
is therefore necessary to prove that in 1877 there was no 
film on the surface of the glass of sufficient conducting 
power to cause a large error in the results. 

In 1877 the glasses were not washed by immersion in 
water, but were thoroughly cleaned with a ‘glass cloth and 
wash-leather. To the best of my recollection they were 
first rubbed with a damp cloth, then with a dry one, and 
then polished with the leather, being frequently breathed 
on during the process, and then usually warmed at the fire. 

is process was so efficacious in removing any conducting 
film of moisture from the glasses, that at end of it they 
were usually found to be electrified by the friction of the 
leather. When this occurred they were passed rapidly a few 
times over the flame of a spirit-lamp to disc them. 
ro always so warm that any visible moisture de- 
posited by the spirit-lamp disappeared instantly. 

In the 1879 experiments, which are quoted in the pre- 
ceding Table, the glasses were washed in hot water, wiped 
and polished, and passed over the spirit lamp while still 


hot. After ob: a difference in the first two specimens 
examined, I sabie maiininane experiments on the other two 
before cleaning them. The following are the results 
obtained : 
Hard Crown Glass. 
8.1.C. 
Christmas, 1877 __... ine aa ie 3.108 
August 7, 1879.—Not wiped for more than 
@ year; p in nce covered with 
dust exactly as taken from box, which 
does not shut air-tight ... oe eve 3.236 
August 8.—Cleaned in hot water as de- 
seribed above. ove sas ia 3.310 
Light Flint Glass. 
Christmas, 1877... a+ ia Pe 3.01 
A t 4, 1879.—Dusted lightly with 
uster, not rubbed ® fos ove 2.90 
August 4.—Cleaned in hot water, experi- 
mented on while hot... “ai ene 3.44 
A t 4.—Cooled under tap, wiped with 
giass-cloth... “0 ain os a 8.44 
August 5.—Had stood twenty-four hours 
uncovered on table, not wiped... =a 3.39 
August 5.—Smeared all over with oil ... 3.48 
August 5.—Smoked on oily surface 
over paraffine lamp, so as to make glass 
semi-opaque ooo eco 3.46 
Experi- 


ment im- 
possible. 


solution of sal-ammoniac . 
August 5.—Roughly dried with duster ; 
surface appeared opaque, like ground 


August 5.—Glass made very wet a { 





g ase ove ron ais see 1.64 
August 5.—Wiped over with glass-cloth, 
but not rubbed ... ee ooo ove 2.36 
* read before Section A of the British Association 
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August 5.—Rinsed under cold tap, ard 
wiped with glass-cloth, but not polished 
August 5.—While still cold, over 
spirit-lamp till much more clouded than 
ever would be the case in actual work ; 
in . oe experiment made 

S 


as quickly as possib! wa re eee 3.48 
numbers is that —r 


8.1.0. 
3.46 


esau Wy colicindhy oat aie ation 
it is possible by sufficiently t of 
late to produce any = reduction of the specific in- 
Sasties capacity, yet that even if very much less care had 
been taken to the plates than was taken in 1877, the 
test quantity of moisture that could accidentally have 
SS left on them would have been totally incapable of 
producing anything like the difference now under examina- 
tio 


m. 
I am therefore led to the conclusion that in the course of 
a year and a half an actual change has taken place in the 
glasses, which is shown by a considerable real increase in 
their specific inductive capacities. To complete our know- 
ledge of this new phenomenon we require a series of month] 
observations, extended over perhaps a period of seve 
years. I shall hope to be able to give the results of another 
year’s experiments at the next meeting of the Association. 


These iments bave some importance as Pro- 
fessor Clerk Maxwell’s electro-magnetic oa of light. 
In a recent lecture* I ventured to suggest ‘‘ that it is quite 


ssible that the relation between electric induction and 
ight exists, namely, that they are disturbances of the 
same ether, but that there is some unknown disturbing 
cause affecting the electric induction.” 
Possibly a clue to the nature of this disturbing cause 
may be found in the fact, that the specific inductive 
capacities are affected by some of the changes} which 
chemists tell us are ay going on in glasses, but 
that these changes do not affect the refractive indices. 





THE TELEPHONE. 
On the Retardation of Phase of Vibrations transmitted 
by the Telephone. 
By Sinvanus P. Toompson, B.A., D. Sc., Professor of 

Experimental Physics in University College, ‘ 

Ir was predicted from theoretical considerations by 
Dubois-Raymond that a difference of os amounting to 
a quarter of a complete vibration, would be found to exist 
between the diaphragms of two associated Bell hones, 
the receiving telephone being a quarter of a vibration 
behind the transmitter. A more complete theory, worked 
out independently by Helmholtz and Weber, gave a some- 
what contradictory result, and required only a small dif- 
ference of phase. Recertly Kinig, in a series of delicate 
experiments, effected an optical comparison by the method 
of Lissajons of the vibrations of a pair of hones, re- 
placing the vibrating discs by tuning-forks armed with 
mirrors. ,The experiment is a delicate one, and is performed 
under conditions not free from objection. The author has 
De re the following method of observing: A pair of 

ell telephones are suspended by wires of about a metre in 
length, so as to oscillate as pendulums, to frames so disposed 
as to avoid the possibility of any mechanical transmission 
of the vibrations. Below the point of rest of each tele- 
phone, and at some little distance from it in the plane of its 
swinging, is placed a steel magnet. After the lengths of 
the wires have been so adjusted that the telephones will 
swing in identical periods, one telephone is set swinging 
As it alternately approaches and recedes from the magnet, 
the induced currents oe oe second telephone set it 
swinging. In every case the difference of phase observed 
amounted to one quarter. 

In the case of those telephones which transmit vibrations 
by varying the resistance of the circuit, ins of varying 
the electromotive force, there is no such retardation of 
oY produced in the ordinary electro- etic receiver. 

f, however, the current so transmit is first 
through an induction coil, a retardation of phase of one 
quarter is produced, and in the case of several successive 
inductions the retardati ts to an additional 
quarter for every additional induction. This remark a 
plies only to vibrations of harmonic and quasi-harmonic 
type. Vowel sounds, which consist of compound harmonic 
vibrations, are unch: to the perception of the single 
ear, which is unable to distinguish differences of phase, or 
between compound sounds which differ from one another 
only in the difference of phase of theircomponents. The vi- 
brations of consonantal sounds, on the contrary, depart 
more and more widely from their original type at each 
successive induction. 

In the case of Edison’s motographic or electro-chemical 
receiver, the velocities, not the displacement of the disc, 
are proportional to the strength of the currents received. 
Hence vibrations already one quarter in trans- 
mission, as is the case with those of the carbon transmitter 
in conjunction with its induction coil, always used with 
this instrument, are restored to their primitive phase. The 
vibrations of this receiver therefore agree in type, not 
with the vibrations of the induction current (which cor- 
respond to the derived function of those of the original 
vibration), but with those corresponding to the function 
of which the vibrations of the induction current are the 
derivate; that is to say, they agree in with the 
primitive vibrations of whatever form. Hence in the re- 
ceiving telephone of Edison consonantal sounds which de- 
part widely from the purely harmonic type are better 
rendered than in a telephone, which, like that of Bell, both 
retards the vibrations in phase, and alters them in type. 

Soutn Arrican TELEGRAPHY.—A line of telegraph 
from Pietermaritzburg to Pretoria is likely to be completed 
in about two months. 

* Royal Institution, He tony 
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SECOND-CLASS CARRIAGE; WESTERN 
RAILWAY OF FRANCE. 

We give this week on page 170 engravings of the body 
of a second-class carriage for the Western Railway of 
France. The frame upon which this body is mounted is 
practically identical in construction with that of the 
first class carriage for the same company, of which we 
gave a two-page engra in our number of April 25th 
last, the frame being merely somewhat longer to accom- 
modate the body of the carriage we now illustrate. The 
dimensions of the frame for the second-class carriage 
are given below, and a reference to Figs. 1 to 3 of the 
two-page engraving just mentioned make its con- 
struction clear. 

Referring now to the engravings which we give this 
week on page 170 it will be seen + the carriage has 
four compartments, and each compartment is made to 
seat ten people, the vehicle thus carrying 40 passengers 
in all. The constructive details are so clearly shown 
by the views given that no detailed description will be 
required. For convenience, however, we subjoin a table 
of the chief dimensions in English measures. 


Fr 


ames : P ft. in. 
Length over buffers ... =e oop 2 638 
* * tocks a. a 2.38 
Distance a of soles be aah 5 11.6 
h of headstocks ove ove 8 64 
of soles and éok 0 984 
Thickness a is a 0- 3.94 
Bearing springs : Number of plates 10 
Width sé, 0 3.54 
Gyn 3” 
Pp 
hiomng aes 
er 8) : Number 
: Wid Bt os 0 2.95 
Length Became $ ae 
to, : 
Des . Porat ~ per ton. 0 2.95 
wW-springs (iorm y voup 
the buffer s f gs*) : ae 
plate to which coupling links are 
attached... on bin oie 8 3.4 
> Draw-springs, deflection per ton 0 0.49 
‘ody : 
epee yn oe a 
’ w centre . 
ms ” ” ends eee 8 7.9 
Height from floor to roof at centre 6 42 
r area ee on 00, id rv ft. 
’ »» per passenger carried ... A &% 
Wheels and hdee ‘a , 
Diameter of wheels (iron disc with 
steel =) eee ob ‘tbe ove 8 4.5 
Axles ; diameter at centre ... 0 4,53 
” ” Pry Ww. seats aoe 0 5.12 
99 Lath of journals : ry 
Wheel base... |, 12 1.7 





ON THE ACTION OF MAGNETS ON 
LIQUID JETS. 
By Srtvanus P. THompson, B.A., D.Se., Professor of 
Experimental ics in University College, Bristol. 
In studying the phenomena of the voltaic arc, the author 
has been led to inquire into the actions produced by 
magnets upon movable conductors, such as jointed wires, 
flexible metallic leaves, liquid conductors, in high 
rarefaction, flames, and liquid jets, traversed by currents. 


Nearly all the phenomena of rotations and translations 
due to clectro«dynamic and electro-magnetic attraction or 
repulsion have m demonstrated to hold for liquid 


conductors, both those which possess m 
and those which possess only electrolytic conductivity. 
amy Casselmann, and Walker have shown the electric 
arc to behave as a mobile conductor. Pliicker and De la 
Rive, and more recently Crookes, have observed the exist- 
ence of meni gpd re ea — = eae dis- 
charges in rarefied media, and which appear to be 
electric communion currents rather than deen currents 
The author has examined the case of liquid veins, both 
of dilute acid and of traversed by currents, and 
finds that these, when sebiesied to the action of powerful 
magnets, exhibit analogous motions of translation, rotation, 
&c. Thus a liquid vein ing a current between the 
polsoek a horizontal horseshoe magnet no lo: 
alls straight but is thrust aside and falls down an averted 
curve. A vein falling in front of the pole of a vertical 
magnet is likewise drawn aside, tending to become 
to the hypothetical Ampérian currents, and to i 
opposed sense around the pole. Further, a liquid vein 


carrying a current falling upon the emer sete of a vertical 
magnet is twisted, the sense of torsion depending on 
the direction of the current and the —_ s 

ob- 


magnet. The author has also essayed to exte 
servations to the case of liquid jets which break in the air, 
and which, therefore, cannot electric 

but electric 





* The arrangement here referred to is shown by Fig. 2 
-: ay Pao engraving published with our aenbat of 
+ Paper read before Section A of the British Association 
at Shethield. 
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y mile of open railway has thas been continued. The| 


transformation of “loans” into “ debenture stock,” 
which has been going on for some years, still con- 
tinues, but the loans are now so small in the aggre- 
gate as tobe thoroughly manageable, and there 
is little more for the companies to gain in this way. 

Coming now to the receipts and expenditure, it 
appears that the total receipts from railway working 
—excluding miscellaneous receipts—amounted to 
60,454,375/., being a decrease of about 190,000/., as 
compared with the previous year. The working 
expenditure at the same time amounted to 
$2,145,150/., or a decrease of 674,945/. Thus the 
net earnings amounted to 28,309,225/., or an in- 
crease of 485,263/. over those for 1877. These, 
however, are net earnings from railway working 
alone. The entire earnings are represented by 
63,872,6742., a decrease of 110,654/. on the previous 
year; and the total working expenses by 33,189,368/., 
a decrease of 668,610/., leaving a net earning of 
29,673,306/.—an increase of 527,956/. over that for 
the preceding year. In consequence, however, of 
the increase of capital the percentage of the net 
earnings to the total share and loan capital stands 
at 4.25 as against 4.32 for 1877. 

It is a noticeable fact, and one which confirms 
very plainly the marked depression in trade, that 
the | snes in receipts is owing, entirely, to a 
falling off in the goods traffic, The receipts for pas- 
senger traffic amounted to 26,889,614/., or 355,504/. 
more than in 1877. The receipts for traffic 
amounted to 33,564,761/., or 545,186/. less than in 
1877. The passenger train mileage was 113,184,000 
miles, or 3,509,000 miles (3} per cent.) more than in 
1877. The goods-train mileage was 106,034,000 
miles, or 1,366,000 (say 1} per cent.) less than in 
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RAILWAY TRAFFIC AND EXPENDI- 
TURE FOR THE YEAR 1878. 

PROBABLY no return issued by the Board of Trade 
affords a better means of gauging the internal con- 
dition of the trade of the country than does that which 
treats of the traffic and working expenses of the rail- 
ways of the United Kingdom. As was to be expected, 
that just issued, and which deals with the year 1878, 
is by no means satisfactory in point of trade. For the 
first time since 1858 the traffic shows a falling off. 
It is not much, but still there it is, and although 
but 0.31 per cent. it stands in confirmation of the 
general depression felt more or less by all branches 
of commerce during the past eighteen months. Re- 
garded from the shareholders’ — of view there is, 
however, in it still matter for congratulation in 
many respects. The gross receipts have decreased, 
but the working expenses have decreased in a greater 
degree, so that in the end there is an increase in 
the net earnings of 1.9 per cent. Viewed from this 
stand-point railway capitalists will not re the 
yout working as wholly unfavourable. hether, 

owever, this decrease in expenses is the result of 
true economy, or merely obtained at the cost of the 
plant, or of future maintenance, time and future 
returns alone will show. 

The total mileage for the United Kingdom in 
1878 amounted to 17,333, made up as follows: 
England 12,229, Scotland 2845, Ireland 2259. The 
increase for the entire kingdom on the mileage 
for 1877 is 256 miles, showing a percentage of in- 
crease beyond that of the sseos linn year, which 
stood for 1875 and 1876 at 1.3, for 1877 at 1.2, and 
for 1878 1.5 per cent. Towards the increase of the 


past year England trib i 
6, and Teele ow ributes 131 miles, Scotland 
e total nominal capital of i 
as ie oe m of the several railway 
698,545,154/., as 
The usual steady 


of the report is set down at 
against 674,059,048/. for 1877. 
imerease of the capital cost per 


The receipts per train mile from nger traffic 
have thus fallen from 57.44d. in 1877 to 56.35d. in 
1878, and the receipts per train mile from goods 
traffic from 75.68d. to 75.40d. Compared with 1876 
the diminution in receipts per passenger-train mile 
is even more noticeable, the earning for that period 
having amounted to 58.63d., showing for the past 
year as com: with 1876, a decline of 23d. 

Analysing the receipts for 8 tratic, it is 

found that the mineral traffic is 3.0 cent. less 
than in 1877; general merchandise 0.9 less; and 
live stock 3.7 more. It is interesting to observe, 
however, that during the past five years the mi- 
neral traffic has increased from 12,605,462/. to 
18,339,440/., or 5? per cent., and general merchan- 
dise from 18,047,756/. to 18,970,276/., or 55 per 
cent. In like manner we find the tonnage of mi- 
nerals increasing during the period named from 
112,618,698 tons to 121,011,721 tons, or 7.5 per 
cent. ; and that of the general merchandise from 
53,384,004 to 56,774,846, or 6.4 percent. Com- 
pared with 1877, the mineral tonnage stands 2.6 
per cent. less, and the general merchandise 1.4 per 
cent, less. 
In the expenditure the chief reductions have been 
effected by the ‘‘ maintenance of way” and ‘ loco- 
motive” departments, The former has fallen from 
5.72d. to 6.98d., or 0.54d. per train mile ; and the 
latter from 8.99d. to 8.57d., or 0.42d. per train mile, 
Other items show no considerable variation. The 
following shows the relative position in train mileage 
cost since 1872. 


d. 
1872 ace ee 82.27 
1873 ws 36.57 
1874 ove 37.89 
1875 ose 36.88 
1876 36.13 
1877 35.82 


re a 

In 1870, the mileage rate was but 30.02d. Com- 
paring the chief items of expenditure for that year 
with that for the past year, we find: 











onme Increase. 
1870. 1878. 1878. 
d. d. d. 

Maintenance of way ... 5.89 6.98 1.09 
Locomotive Sale 7.92 8.57 0.65 
|_| i 8.64 10.76 2.12 
Other items eee ave 7.57 8.38 0.81 
Total ... .02 34.69 4.67 














Compared with 1877, there has been a slight in- 


per mile of mn railway remain pretty much the 
same. In lesemations the number is 12,969, or 





0.75 per open mile—the same proportion as in 1877. 


crease in the rolling stock, although the proportions | regard 


In coaches for passengers, the number is 28,104, or 
1.62 per open mile. Wagons of all kinds for 
minerals, live stock, and general merchandise, 
367,888, or 21.22 per mile; other vehicles attached 
to passenger trains amount to 10.962—0.63 per 
mile; and all other carriages or wagons not pre- 
viously included, 11,368, or 0.66 per mile. he 
only noticeable variation as regards agg spr per 
open mile is in the minerals, live stock, and general 
merchandise wagons, which have decreased from 
21.30 per mile to 21.22. 

The report concludes with the remark that to 
railway capitalists the result—although showing a 
decline of 0.31 per cent. in traffic—‘‘ cannot be 
deemed unfavourable, on the average, though it is 
now to be feared the decrease of traflic in the year 
1878 only marked an unusual retrogression in rail- 
way affairs, which is not yet at an end.” 





METROPOLITAN FLOODS. 

On the principle of better late than never, the 
a Board has resolved to take up practi- 
cally the question of floods caused by rainfall within 
the metropolitan districts under its control. At 
their meeting, held on the first of this month, the 
Works Committee reported on a resolution carried 
some time previously, to the effect of providing a 
remedy for the disastrous effects of the floods of 
this and previous years. It was stated that the en- 
gineer, Sir J. W. Igette, having reported that a 
large amount of relief could be provided from rain- 
floods by carrying out certain extensions of drainage 
and sewerage works at a cost of 750,000/., applica- 
tion should be made to Parliament for powers, in 
the money Bill of 1880, to borrow that amount. 
The engineer laid before the Committee a list of 
works, which he estimated would cost 708,000/., 
embracing various points north and south of the 
Thames, as Brixton, Clapham, Walworth, Deptford, 
Hackney, Holloway, Kentish Town, &c., in fact, 
ouavediig. throughout the route of the north and 
south systems of main drainage now existing. Mr. 
Dresser Rogers, in moving the adoption of the re- 

rt, showed the necessity of immediate action, 
instancing the numerous floods that had occurred in 
the metropolis of recent years, productive alike of 
danger to health and enormous damage to property. 
He traced the history of the sewage question from 
1815 to the present day. Since 1856, when the 
existing main drainage systems were designed, the 
number of houses in the metropolis have in- 
creased by about 200,000 in number. In regard 
to dealing with the existing sewers in London, Sir 
J. W. Bazalgette stated to the meeting that there 
were two ways of doing it. One would involve 
an expenditure of several millions, and would 
necessitate the draining of nearly every house in 
London. Three sewers had been made large 
enough for an increase of population, but when the 
suburbs were open fields a great deal of rainfall was 
absorbed by the soil, or passed over in natural 
course. It was not proposed by the intended new 
works to ner © any more (additional) sewage 
into the Thames, but they would enable the storm 
water, with a certain amount of sewage, to flow 
more rapidly than it did at — by allowing it 
to pass off at high as well as low tide. Messrs, 
Richardson, while admitting the necessity of the 
proposed works, feared that if the Bo carried 
them out they might become liable for future floods 
in various parts of London, if prosecuted by the 

grieved parties. Mr, Fowler showed the necessity 
of immediate action. If any great schemes were 
proposed, years would elapse, owing to Parlia- 
mentary and other delays, before anything could be 
done. But no time should be lost. As Wands- 
worth and Battersea had suffered more than any 
other districts it was contemplated that immediate 
and speedy relief should be afforded them by con- 
structing at once a line of sewer from Wandsworth 
to Vauxhall, and that an unexpended balance of 
150,000/. in hand should be applied for that —— 
After some discussion this was agreed to, and th 
engineer was instructed to prepare plans and specifi- 
cations for the execution of this work. 

We congratulate the Board on its decisions. As 
far as the ratepayers are concerned there is little 
doubt but that the small tax imposed on them will 
be gladly paid in prospect of the proposed relief. 
The reports that appear in the newspapers of course 
give us a poor glimpse of the actual damage. In 
to the shopkeepers on the proposed routes 
the result will be of immense benefit, and in respect 
to private houses the occupiers will doubtless be 





thankful to have some hopes that in future the 
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furniture of their chief sittings, the basement, will 
be spared to them. The amount of sewage-matter 
deposited in gardens, cellars, sitting-rooms, ware- 
houses, &c., during some of the storms of last year, 
was enough to breed fever to a dangerous extent. 
We referred to this matter at the time. 

We would make a suggestion to the Board of 
Works. If the scavengers did their duty in some 
localities, an immense amount of road detritus, &c., 
might be prevented from going into the sewers, and 
thus choking them. These remarks are especially 
applicable to the north of London, where there is 
often a great want of promptitude in dealing with 
the accumulations of mud. The officers of the 
Board will do wisely to keep their eye on the local 
officials in respect to this matter. 


THE BRITISH ASSOCIATION. 

Tue Sheffield meeting of the British Association 
which has just been brought to a close cannot be 
regarded as a very marked one for the variety 
or exceptional character of the communications that 
have been brought before it. There have been 
several papers of high merit, and of great value in 
the advancement of science, but the meeting which 
was concluded this week, must, we think, be 
looked back upon only as a fair average meeting, and 
if we ‘except the brilliant and highly philosophical 
lecture of Mr. Crookes, the publication of which we 
commence in the present number, it possessed no 
special features which can raise it, when com. 
pared with meetings that have preceded it, above 
that average standard. All the sectional meetings 
have been well attended, and the presence of Major 
Serpa Pinto, of M. Savorgnan de Brazza, and of 
Captain Cameron in Sheffield, who each read papers 
in the Geographical Section, gave to that always 
popular section especial attraction. 

SEcTION A. 

The business of Section A commenced on Thurs- 
day the 21st inst, in one of the lecture rooms of the 
new Firth College, by the delivery of the opening 
address of the President of the section, Mr. G. 
Johnstone Stoney, F.R.S., which we publish on 
another page. At the conclusion of this in- 
teresting address, which was delivered to a very full 
meeting and was received with great applause, the 
Reverend Samuel Earnshaw, M,.A., one of the 
sectional vice-presidents, in proposing a vote of 
thanks called attention to the great advantages that 
the experimentalist possessed over the mathematician 
in being able to demonstrate to and to interest an 
audience. Mr. Stoney had, he said, in the very 
valuable address which they had just heard, given 
due weight to-both mathematical and experimental 
research, and had pointed out how the one controls 
and depends upon the other. 

Mr, C. W. Merrifield, F.R.S., also vice-president 
of the section, seconded the vote, and cordially 
sympathised with their President in his good wishes 
for the success of the new Victoria University, 
which is about to be developed out of Owen's 
College, and he put on record the fact that 
Londoners and southerners generally felt the 
greatest interest in the success of that university. 
The vote of thanks having been put to the meeting 
and carried amidst t applause, Mr. Stoney 
acknowledged the tribute, and thanked the meeting 
for their kind reception of an address which must 
have been very dry to most of those present, but 
he took it as a sign that the same kindness would be 
extended to the readers of communications who 
would follow him in the course of the meeting. 

According to the usual practice, the reports of 
committees of the Association took ence of 
private communications, and after the President's 
address the first in order was the reading by Dr. Lodge 
of the ‘ Report of the Committee for Commencing 

Experiments upon the Elasticity of Wires.” 
This report, which we publish ix extenso on page 179, 
records in detail a series of experiments made for 
the Committee under the direction of Sir William 
Thomson and Mr, J. T. Bottom!ey in the tower of 
Glasgow University Buildings, the results of these 
experiments being tabulated at the end of the report. 
These results are of exceptional interest, showing as 
they do some un features in the behaviour of 
metals under continuous strain, and they are worthy 
of careful attention. 

The next re which was of but a few lines, 
was from the Committee for making more accurate 
determinations of the mechanical equivalent of heat. 
The report stated that the Committee had but little 
information to offer to the section, the work of the 
Committee during the past year having been devoted 











to the means of correcting errors arising from the 
alterations of the fixed point in glass thermometers, 
and the Committee had heard with great pleasure 
of the researches of Professor Rowland, of Balti- 
more, who had, altogether independently of Dr. 
Joule, arrived at an almost identical result. 

The next paper read was by the Reverend Samuel 
Earnshaw ‘(On Etherspheresasa vera causa of Natural 
Philosophy.” In this paper the author put forward 
a curious and decidedly ingenious theory, which he 
attempted to show might explain a large proportion 
of the phenomena of physical science. According 
to this hypothesis he assumes that every atom of 
matter in the universe is surrounded by an envelop- 
ing film of ether, and to this ethereal envelo e 
gives the name ‘‘ ethersphere,” and he argued that 
every material body, whether solid, liquid, or gaseous, 
whether it be simple or compound, has an ether- 
sphere which not only surrounds the whole body, 
but which penetrates the body itself and surrounds 
each one of its component atoms. If two bodies be 
taken, such as a block of lead and a hammer, each 
is surrounded by its own ethersphere, and when a 
blow is given to the lead by bringing the face of the 
hammer down upon it, the two enveloping ether- 
spheres are brought into collision and are forced into 
one another, a certain quantity of ether being at 
each blow driven into both the hammer and 
lead, whereby its density is increased, thereby 
raising at the same time its temperature, The 
phenomenon of friction was explained under the 
same theory by supposing that where two bodies 
are rubbed together, their temperature is raised by 
the forcing into the interstices of their substance 
more ether than they contained before, and thus 
ice may be melted and wood may be ignited. He 
looked upon the word friction as only another name 
for rubbing more ether into substances. Again, if 
a long wire were taken, and more ether was poured 
into its surrounding ethersphere at one end, and 
allowed to escape at the other, there would arise a 
movement of the ethersphere all along its length, 
and a current would be produced. This proposi- 
tion the author recommended to some of his 
electrical friends. The author concluded his com- 
munication by referring to the phenomena of 
astronomy and magnetism, many of which might, in 
his opinion, be explained by the hypothesis which 
he had brought forward. In the discussion which 
followed the reading of this a the following 
gentlemen took : Mr. J. E, H. Gordon, the 
Assistant General Secretary of the Association, Dr. 
Oliver J. Lodge, Professor Everett, and Mr. John- 
stone Stoney, who remarked that papers such as 
these were of value, as it was very important to in- 
vestigators of science that different views should be 
brought before them, and that they should. look at 
natural phenomena from different standpoints. 

The next communication was by Mr. J. E. H. 
Gordon, ‘‘On some New Instruments recently 
constructed for the Continuation of Researches on 
Specific Inductive Capacity.” These instruments 
were (1) a miniature five-plate static induction 
balance, similar in principle to the larger instrument 
exhibited last year at Dublin, and which we described 
_ a diagram) at the time,* but which is intended 

or the examination of rare crystals and other 
precious substances which cannot be obtained in 
sufficiently large quantities for the larger instru- 
ment. (2) A modified form of Sir William Thom- 
son’s gradient electrometer for use with the electro- 
meter last referred to, In this interesting instru- 
ment, which was a beautiful specimen of workmanship 
and finish, the quadrants consist of pieces of a flat 
disc lin. in diameter; and, in order to make the 
apparatus as sensitive as the instrument of the ordi- 
nary type, the needle is bent round them so as to be 
under the attractive or repelling influences of both 
their upper and lower surfaces, as well as of their 
circumferential edges. By this arrangement the 
capacity of the quadrants is reduced to a minimum, 
and the sensitiveness is made up by making the 
needle to embrace them on both sides, it being a 
matter of indifference increasing the capacity of the 
needle, as it is kept charged by being in metallic 
connexion with a condenser or Leyden jar. (3) A 
very rapid commutator, the invention of M. Corner, 
for use with the induction balance. By this instru- 
ment, which can be rotated by a handwheel and belt 
at a high velocity, the electrification of the plates of 
the induction ce can be reversed eighteen times 
in a second, connecting both poles of the battery 
together, and to earth and both plates of the induc- 
tion balance together, and to earth between each 





reversal; while by altering two screws the instrument 
may be made to short-circuit, and put to earth 
the two plates of the induction balance, and to in- 
sulate the poles of the battery. 

Mr. Gordon then read another paper ‘‘ On Secular 
Changes in the Specific Inductive Capacity of Glass,"’ 
giving the results of the first year’s experiments of 
an investigation which he has had in hand some 
time, and which tended to show that, during a period 
of eighteen months, glass plates, which , been 
subjected to experiment, increased their specific 
inductive capacities very considerably. We publish 
this Paper on page 169 of the — number, A 
short ussion, in which Professor McLeod, Mr. 
Stoney, and the author of the paper took part, fol- 
lowed the reading of this communication, 

The next communication was a paper by the 
President of the section, Mr. Johnstone Stoney, 
‘‘On the Cause of the Bright Lines of Comets.” 
Referring to the fact that Dr. Huggins and others 
had observed in the spectra of several of the comets 
certain bright lines corresponding to those in the 
spectrum of carbon, the author pointed out that this 
established the fact that some compound of carbon 
must necessarily be present in comets, It has pre- 
viously always been supposed that these lines indi- 
cated the presence of carbon in comets in an in- 
candescent state, but Mr. Stoney suggested another 
hypothesis to the effect that the phenomenon may be 
due to the sun’s light falling on the carbon com- 
pound, rendering it visible by reflected light, in 
much the same sort of way that the moon and the 
planets are visible from this earth, as the vapour of 
carbon is opaque to the particular rays of the re- 
frangibility of the bright lines in its spectrum. 

Mr. Stoney was followed by Dr. Janssen, member 
of the Institute of France, and director of the Ob- 
servatory at Meudon. Dr. Janssen, who spoke in 
French, read a paper ‘“‘ On Photographic Spectra of 
Short Exposure” in which he showed that in the solar 
spectrum, the point of maximum actinic intensity is 
somewhere close to the line G, while the point of 
maximum luminous intensity is near the line By 
taking a series of photographs of the solar spectrum 
with exposures diminishing from five minutes to 
one-tenth of a second, that is to say taking one 
photograph with an exposure of five minutes, a 
Seceadl with an exposure of one minute, a third with 
ten seconds, a fourth with five seconds, a fifth with 
one second, and a sixth exposed only for one-tenth 
of a second, Dr. Janssen found that the visible photo- 
graphic spectrum became shorter and shorter, each 
cutting out of time from the exposure cutting a piece 
off each end of the visible photographic spectrum, 
the portion close to G being a central point towards 
which the shortening took place on each side, until 
when the exposure was reduced to one-tenth of a 
second, the spectrum visible in the photographs was 
reduced to a narrow band of that portion of the 
— close to the line G. By this means, Dr. 

anssen pointed out, results were obtained which 
practically afforded a chronometric method of 
analysis of the solar spectrum. ‘These experiments 
had a direct bearing on the important question of 
oxygen in the sun, and these results would add to 
the science of photograpby. 

The next paper was read by Mr. T. Wrightson 
‘* On the Changes of Volume in Iron when passing 
from the Liquid to the Solid State.” In this paper 
the author contended that the prevalent idea that 
cast iron when cold would float in its own fluid was 
a fallacy ; he attributed the rapid rising to the sur- 
face of alump of cast iron thrown into a bath of 
the same metal to the expansion of the lump under 
the influence of the heat communicated to it by the 
bath of molten metal in which it is immersed. The 

of Mr. Wrightson’s communication was 
followed by a short and unimportant discussion, in 
which Professor Everett, Lord Rosse, and Mr. 
Wrightson took part. 

The business of the section was for that day 
brought to a close by the reading by Dr. McAlister, 
one of the secretaries, of an abstract of a communica- 
tion from Mr. W. Cave Thomas, of a communication 
‘*On some Observations with to Generic 
Images,” which was nothing more than a statement to 
the effect that the author had priority over Mr. Francis 
Galton, F.R.S., in the production of such “ generic 
images.” These may be briefly described as the produc- 
tion by photography of one portrait by the combina- 
tion of two or many faces, the resultant picture com- 
bining certain characteristics of them all. It may be 
remembered that we described Mr. Galton’s experi- 
ments about sixteen months ago.* 








* See ENGINEERING, vol. xxvi., page 201. 


* See ENGINEERING, vol. xxv., page 372. 
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In the section of the Association devoted to 
economic science and statistics (Section F), a highly 
valuable and interesting paper was read by Pro- 
fessor Silvanus Thompson, D.Sc., ‘On the Appren- 
ticeship Schools in France,” in which the author 
described in detail the systems adopted in that 
country of technical education, and the methods in 
use for the intelligent and intellectual training of 
artisan apprentices, The paper, which although a 
lengthy one, we intend, on account of its importance, 
and the valuable information which it contains, to 
publish in these columns, was illustrated by a large 
collection of objects in various branches of industry 
made by the pupils, as well as by diagrams and 
statistical Tables illustrating the systems and their 
results ; and toadd still more to its practical value, 
the paper concluded with a number of suggestions 
for the formation of a sound system of technical 
education for this country, which would give to the 
apprentices and artisans of Great Britain the ad- 
vantages possessed by their Continental brethren 
with respect to this all-important question. The 
author laid especial emphasis on the importance of 
the adoption of a system of instruction based upon 
drawing, which was, as he expressed it, ‘the 
language of the manufactures, of the handicrafts, 
and of the constructive industries of all kinds,” 

The reading of this paper was followed by an in- 
teresting and animated discussion, in which Dr. 
Gladstone, F.R.S., Sir Antonio Brady, Professor 
Leone Levi, Mr. Brittain, and Mrs. Lewis took part, 
and it was brought toa close by Mr, Mundella, MP’ 
for Sheffield, who, in an interesting speech, deplored 
the ignorance which existed in many industries, not 
only in the minds of the workmen, but in those of 
the masters and employers of labour; he would, 
however, express his opinion that the systems of 
technical training adopted in Germany possessed 
greater advantages for the English student than 
those in operation in France. 

In the same section Professor Leone Levi read a 
‘*Communication upon the Scientific Societies in Re- 
lation to the Advancement of Science in the United 
Kingdom.” Professor Levi commenced his paper 
by stating that he had been induced to write it in 
consequence of the renewed attempt to establish in 
London a building in the metropolis to accommo- 
date the various societies having for their object the 
advancement of the applied and technical sciences. 
In it he stated that although in the seventeenth cen- 
tury there were only two scientific societies in this 
country, there are, at the present time, scientific 
societies which can claim no less than 60,000 
members, or deducting 10 per cent. as representin, 
the proportion of that number who belong to seve 
societies, there are no less than 54,000 individual 
members. In the discussion which followed, Sir 
Rawson Rawson, Mr. Hurst, Mr. Brittain, and Mr, 
Mundella, M.P., took part. The last-named gentleman 
in the course of his remarks said that he considered 
the letters “F.R.S.” a much ater distinction 
than ‘‘M.P.,” for it could only the acquisition 
of great and solid intellectual attainments that could 
entitle a man to that honour, and he was afraid he 
would hardly be justified in claiming the same 
qualification for all the members of the distin- 
guished assembly of which he had the honour of 
being a member. 

In Section G the business commenced on Thurs- 
day last by the delivery of the presidential address 
by Mr. J. Robinson, President of the Institution of 
Mechanical Engineers. As, however, we publish 
on another page this interesting address, which was 
a review of the applications of steel, we need only 
refer to it in this place. At its conclusion a vote of 
thanks, proposed by Sir Joseph Whitworth, Bart., 
F.R.S., and seconded by Mr. W. H. Barlow, C.E., 
F.R.S., was passed by acclamation, 

The first paper read in Section G was one by Mr, 
Baldwin Latham, C.E., ‘On the ‘Temperature of 
Town Water Supplies.” In this paper, which we 
publish on page 168,the author pointed out that 
the increase of temperature in the supply beyond 
55 deg. Fahr. caused the water to have unwholesome 
properties, and that the temperature of water in a 
town supply is wholly independent of the tempera- 
ture of the water at its source of supply, and that 
without ~~ <e the temperature of the water is 
the same as that of the ground at the spot and at 
the depth where the pipes are laid. He called 
attention to the fact that the temperature of the 


water supply of a town was of the highest import- 
ance from a sanitary point of view, and one which it 


would be well to investigate 


Mr. James Glaisher, F.R.S., stated that having 
been long connected with the office of the Registrar- 
General, it had often been part of his duty to take the 
temperature of the Thames water, and he corrobo- 
rated the remarks of Mr. Latham with regard to the 
sanitary aspect of the question. It had, he said, 
long been a recognised fact that cholera and its 
allied diseases never showed themselves to any great 
extent until the temperature of the Thames water 
reached 62 deg. Fabr. He was greatly in favour of 
the employment of larger water mains than are 
generally employed, as being much slower in acquir- 
ing the temperature of their surroundings than pipes 
of smaller sectional area. 

Captain Douglas Galton, C.B., F.R.S., remarked 
that water supply pipes should be kept as much as 

ossible below the ground, and he thought that the 

acts recorded in the paper as well as in the remarks 
of the speakers who had joined in the discussion con- 
stituted a strong argument for the substitution of 
cisterns by a constant service system. 

The President, having thanked Mr, Latham on 
behalf of the section, called on Mr. Joseph Lucas to 
read his paper ‘‘On the Quantitative Elements in 
Hydrogeology.” The reading of this paper, which 
we intend to print iz extenso on an early occasion, 
gave rise to a discussion, in which Mr. Baldwin 
Latham, Mr. C. W. Merrifield, Captain Douglas 
Galton, and Mr. Granthem took part, and a vote of 
thanks having been accorded to the author, the Pre- 
sident called upon M. Bergeron to read his paper 
‘‘On Leon Francq’s Fireless Locomotive,” in which 
the motive power is obtained from a reservoir con- 
taining about 700 gallons of water heated to a 
temperature corresponding to a pressure of 224 lb, 
to the square inch. 

In the discussion which followed, Mr. W. H. 
Barlow said he considered the system worthy of 
the most careful consideration, for engines of this 
class, without fire and without smoke, would be of 
great value on lines on which there were a number 
of tunnels. 

Captain Galton said he had seen the engine at 
work in Paris, and he had been most favourably im- 
pressed with its working, and he believed that when 
the use of steam on street tramways is sanctioned 
by Parliament, engines, such as that described in 
the paper, would come into general use, After afew 
remarks from other members of the section the 
Thursday’s business of Section G was brought to a 
close by a cordial vote of thanks to the author of the 

er. 
Win the evening asoirée was given to the members 
and associates by the Master Cutler of Sheffield 
and the Cutlers’ Company in the Cutlers’ Hall. 
The gathering was purely a social one, commencing 
with a promenade and ending with a ball, and as 
there were no objects of a scientific character ex- 
hibited we need only refer to it as having taken 
place. 





Leaving until next week an account of the pro- 
ceedings of sections on Friday the 22nd of August 
and following days, we must call the attention of 
our readers to the ——_ interesting discourse of 
Mr. William Crookes, F.R.S., upon radiant matter, 
which was delivered to a large audience in the 
Albert Hall on the evening of that day, and a 
of which we publish in our present issue on page 165. 
It must, we think, be itted on all sides that 


series of the most beautiful experimental illustra- 
tions that have ever been brought before an audience, 
will hereafter be looked upon as the characteristic 
feature of the Sheffield meeting of the British As- 
sociation, 

To the readers of this journal there was not any- 
thing absolutely novel in the facts recorded in this 
lecture, for the reason that the splendid researches of 
Mr. Crookes which he brought forward the other 
evening have already been described and illus- 
trated by us in our articles on ‘‘ The Trajectory of 
Molecules,”* and on the last conversazione of the 
Royal Society,t but such researches can never lose 
their freshness, and such experiments provide in- 
creased intellectual enjoyment the .more often they 
are seen, and although many of the illustrations had 
been demonstrated before the Royal Society and 
the Royal Institution, they were shown on such 
a grander scale at Sheffield that they were all, 
in a very important sense, new experiments. 
Nothing could have been more 8 ul than 





Mr. Crookes’s lecture, illustrated as it was by a| po. 


this lecture; not one illustration failed, and we 
venture to say that seldom has it fallen to the lot of 
a scientific demonstrator or his assistant—and it 
would be impossible to omit from a notice of Mr. 
Crookes’s lecture the name of Mr. Charles H. Gim- 
ingham, who not only had manipulated most of the 
apparatus employed, but had himself constructed 
with a skill which belongs to him alone the most 
important and delicate of it,—seldom we would 
repeat has it fallen to the lot of a scientific lecturer 
or his assistant to orm before a large audience 
such delicate and difficult demonstrations, and Mr, 
Crookes must be heartily congratulated not only 
for the success that he achieved but for the enthu- 
siastic appreciation with which his lecture and 
illustrations were received by a large and distin- 
guished audience. 

At its conclusion a very hearty vote of thanks 
was proposed by Mr. Spottiswoode, President of 
the Royal Society, and seconded by Mr. Johnstone 
Stoney, who was received with loud applause, as it 
was he who first propounded the now universally ac- 
cepted theory of the —— action of the radio- 
meter, out of which the more recent researches of 
Mr, Crookes have been extended, and to which they 
bear so intimate a relationship, The vote of thanks 
having been carried by acclamation, Mr. Crookes, in 
a brief sage See ger said that it was difficult to 
say which afforded to the scientific investigator the 
greatest pleasure, the discovery of new pbhilo- 
sophical truths or the bringing them before such an 
audience as the one he saw before him. 





LIGHTING BY ELECTRICITY.—No. IV. 

Dynamo-ELectric MACHINES—(continued). 

WE have in former articles described the early 
magneto-electric machines of Holmes and of the 
Société l’Alliance* and the single current machines 
of Grammet and Siemens.{ Lach of these machines 
is typical of a class, the last named forming a class 
by itself. We now come to speak of an order of 
machines to which the name multiple circuit has 
been applied, and to which order — the 
machines of Lontin, Wallace-Farmer, and Wilde, 
as well as the multiple circuit machines of Gramme 
and Siemens. 

In the Lontin machine, which we illustrate on the 
next page, the revolving armature is in the form of 
a star-shaped wheel consisting of a central boss P, 
Fig. 1, into which are fixed ten or more radial bars 
of softiron, circular in section but slightly conical in 
form, marked in thedrawing DDD. Each of these 
radial spokes is wound with a coil of insulated 
copper wire, the ends of which are connected to- 

ether in series, and to a cylindrical commutator. 
The armature wheel is fixed on a shaft and 
revolves in the magnetic field of two powerful 
electro- ets A A fixed vertically into a bise- 
late of iron by which they become the two 
imits of a “horseshoe” electro-magnet. The 
cores of the radial en oe inductors as they re- 
volve approach very close to and recede from the 
poles of the inducing magnets A A, being at their 
int of closest proximity when their axes pass the 
X-X, Fig. 1. By Lenz’s law, a coil approaching 
a north pole of a magnet hasa current of electricity 
induced in it in one direction, and when receding 
from the same pole the induced current is in the 
opposite direction, and a coil receding from a north 
has a current induced in it in the same direction 
as a similar coil approaching a south pole, and vice 
versé. Bearing these laws in mind, and referring to 
Fig. 1, it will be seen that when the machine is 
revolving in the direction of the arrows, all the 
radial bobbins above the horizontal line X X are 
receding from the left hand or south pole of magnet 
AA and approaching the right hand or north pole, 
while those below the line X X are doing just the 
very reverse, that it is say, they are g from 
the north pole and approaching the south pole; the 
currents induced, therefore, in all the bobbins 
above the line X X are similar in direction to one 
another, but inverse to those below the line X X. 
The coilsin the arrangement shown in the figure are 
coupled together in series as in the Gramme machine, 
and each pair of contiguous coils is connected to a 
sector P of the cylindrical commutator, there bein, 
as many sectors as there are bobbins, and insula’ 
from one another by thin strips of ebonite NNN. 
Against the surface of this commutator collectors 
aa are pressed by means of springs, the one taking 
* See ENGINEERING, vol. xxvii., pose 518. 
See ENGINEERING, page 64 ante. 
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# See ENGINEERING, vol. xxvi., page 483. 
+ See ENGINEERING, vol. xxvii., page 398, 





See ENvINEERBING, page 101 ante. 
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off the positive current and the other the negative, 
and the currents so induced are transmitted through 
the coils of the large vertical electro-magnets, so 
that the machine is on the dynamo-electric or reaction 
principle. Fig. 2 is a perspective view of a Lontin 
generator with four induction wheels fixed on the 
same shaft, each wheel ing ten bobbins. In 
this machine the ends of the iron cores of the forty 
radial bobbins DDD, revolve close to the hori- 
zontal pole-pieces of the two powerful electro- 
magnets A A, which are flat in section, and fixed in 
a vertical position in a solid bedplate ofiron. In this 
machine the bobbins are attached to the central boss 
in such a way that the bobbins of one wheel pass the 
poles of the magnets a little in advance of those of 
the next wheel, in other words they are mounted 
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may be placed altogether outside the machine, and 
the latter may be completely inclosed in a protect- 
ing casing, while the. latter are perfectly free and 
accessible. M. Lontin now makes his collecting 
contact pieces of an alloy of lead and tin, and they 
are maintained against the commutator with a con- 
stant and adjustable pressure by means of a counter- 
balanced lever shown at P, Fig. 2. 
The machine described above is the continuous 
or single-current machine of M., Lontin, and it may 
used with a single lamp in the place of any 
other single-current machine, such as the Siemens 
or Gramme, both of which have a higher efficiency. 
The special feature, however, of M. Lontin’s system 
of electric illumination consists in his method of 
dividing the current, and distributing it over a series 








Fia, 2. 


helically on the shaft. The object of this arrange- 
ment is to obtain greater uniformity in the distribu- 
tion of the mechanical resistance to the rotation of 
the machine—no two bobbins being at their 
maximum points of resistance at the same time— 
and to insure greater regularity in the strength of 
the current produced by the mazhine. In some of 
the more recent machines on this principle M. 
Lontin has introduced several improvements ; one 
of these is to construct the pole-pieces of the in- 
ducing magnets A A in such a manner that their 
distance from the revolving induction wheels is 
e of being adjusted at will, so as to increase or 
diminish within certain limits, to any required degree 
the intensity of the current produced, and by carry- 
ing the conducting wires connecting the induction 
wheels with the commutator through the axis of 
the machine (which is for that purpose made hollow 
for a certain portion of its length), the commutator 








3and 4. This machine consists of a revolving cy- 
linder of brass a, Fig. 3, around the circumference 
of which are mounted radially a number of flat 
electro- ets AAA. The coils of these magnets 
(shown endwise in the illustration, which represents 
the end elevation of a machine having twenty-four 
inductors) are connected in series, but in such a 
manner that when the current from the exciting 
machine is transmitted through them they become 
a series of powerful magnets, of which every alter- 
nate magnet has one polarity, and the polarity of 
| the intermediate magnets is in a reverse direction, 

that is to say if the revolving magnets were numbered 
| consecutively around the circumference from 1 to 
24, all the even numbers would havea north _ 

at their outer extremity, and all the odd numbers 
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of different lamps, producing at the same time an 
alternating current in each circuit, by which the 
carbon pencils in the electric regulators are consumed 
ata more uniform rate, and their extremities remain 

inted, two very decided advantages in an electric 
amp. Inthe Lontin system, as in both the dis- 
tributing systems of Gramme and Siemens, two 
distinct machines are employed, the one being de- 
voted exclusively to producing the current by 
which the inducing electro-magnets of the second 
machine are excited, and the other for inducing 
from the electro-magnets so excited a series 
of currents of electricity, and distributing them 
into a number of illuminating circuits, The 
feeding or exciting machine used under the Lontin 
system is that which we have just described, 
and the currents of electricity which are generated 
by it are led by conducting wires to the second or 
distributing machine which is illustrated in Figs 
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would have a south polarity. Enveloping this re- 
volving series of electro-magnets and fixed to the 
annular frames 444 is a crown of flat electro. 
magnetic inductors B B B, having their ends pre- 
sented towards the axis of the machine, and there- 
fore towards the radial electro-magnets attached to 
the revolving wheel. There are as many of these 
induction coils as there are radial magnets, and it 
will be seen from the construction of the machine 
that when the apparatus is set in motion a series of 
alternating currents of electricity will be induced in 
each of the fixed coils as the revolving magnets, 
alternating in polarity, approach to and recede from 
it. The ends of the fixed coils are connected by 
suitable conductors to the terminal screws m of the 
manipulator or commutating switching tus M 
which is best shown in. the pe or —— 
machine, Fig. 4. is portion @ appara’ 
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TUBULAR BOILER WITH TEN-BRINK FIREGRATE. 


CONSTRUCTED BY MESSRS. SULZER BROTHERS, ENGINEERS, WINTERTHUR. 
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outside induction coils can be diverted into a 
number of different. circuits; the number of such 
external circuits depending upon the size and con- 
struction of the machine, and upon the number of 
the induction bobbins that are capable of producing 
the currents required. In the machine, as shown in 
Fig. 3, the bobbins are coupled up in pairs, so that 
twelve circuits may be fed by the twenty-four 
bobbins, Attached to the shelf, on which’ the 
commutator switches are fixed, are twenty-four 
terminal screws, twelve above it marked m, and 
twelve below it marked m', and by manipulating the 
twelve bell-crank switches I, any number of the 
upper terminals may be connected to any number of 
the lower. Thus as any of the bobbins may be con- 
nected by wires to any of the upper terminals, and 
the lower terminals may be connected to any of the 
outside circuits, the arrangements of the connexions 
of the bobbins, and the coupling up of the circuits, 
is under perfect control, and any circuit may be 
completed or thrown out of the machine instan- 
taneously by a movement of the switches. The 
wires o (Fig. 4), attached to the terminals m', lead 
to the different lamp circuits, and the wires o', 
attached to the terminals N, are the return wires 
from the same circuits. To the terminals F F are 
attached the wires leading from the exciting ma- 
chine, the current of which is transmitted to the 
coils of the rotating electro-magnets A A by the two 
contact pieces aa, which are maintained in close 
contact against the contact cylinders, one of which 
is shown in the figure, and to which the coils of the 
electro-magnets are connected. 

The Lontin system is that which was employed at 
the St. Lazare terminus in Paris of the Western 
Railway of France for illuminating the goods plat- 
form, waiting hall, and front of station by the 
electric light last year, and it supplied the light to 








| seams are all double-rivetted, 


every alternate light round the balcony of the 
Paris a Spey it being tried i the 
Jablochkoff system, which was in the intermediate 
lamps. It was also the Lontin machine that was 
employed for the electric lighting of the exterior of 
the Gaiety Theatre in London, and is interesting 
for that reason as having been the first practical 
application of electricity to street lighting that was 
ever made in this country. 





THE SULZER BOILER. 

WE give above illustrations of the tubular boiler with 
Ten-Brink grate, which was exhibited at Paris last year 
by Messrs. Sulzer Brothers, of Winterthur, and which was 
one of those supplying steam for the Swiss engines in the 
Machinery Hall. The boiler consists of a cylindrical 
shell 1.6 metres (5 ft. 3 in.) in diameter and 5.45 metres 
(17 ft. 10}in.) long, having a flat top.end and a slightly 
convex bottom, and placed inclined at an angle of about 
42 deg. to the horizontal. Close to its lower end is a 
cross furnace .95 metre (3 ft. 1.4 in.) in diameter, in which 
is a steeply sloping grate upon the Ten-Brink 
system. The furnace opens above into a conical flame- 
box, from the flat back of which a nest of 85 tubes passes 
right up to the top of the boiler. The total heating 
surface is 50 square metres (538 square feet). The main 

of the shell is entirely surrounded by brickwork 
(the sides built double, with an air space), a ane door at 
the top being provided for access to the tubes ; the gases 
after leaving the tubes pass downwards round the shell 
and then through a feed-heater on their way to the 
chimney. A diaphragm plate to aid in preventing 
the carrying off of water in the steam is placed across the 
upper end of the boiler, just below the steam pipe, and 
circulating plates (not shown in the figures) are also 
placed in the boiler to aid in the formation of a down- 
ward current along the shell and an upward current 
among the tubes. The furnace and flame-box are made 
of mild steel plates, the rest of iron. The longitudinal 
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Messrs, Sulzer publish the ts of three experiments 
made upon the boiler by. Herr Autenheimer (director of 
the technical school in Wintérthur),; Professor Veith, of 
Ziirich, and Herr Strupler, engineer to the Swiss Asso- 
‘ciation of Steam Boiler Owners, which are in many re- 
‘spects very satisfactory. ‘None of these experiments, 
however, were of very long duration. The longest was 
‘six hours and the others three and four hours respectively, 
‘The results of the three experiments were practically the 
‘same, and only the means, thereforé, are given in the 
‘subjoined Table : 


Boiler pressure (above the atmo- ) 


sp! hedges # a 79.3 Ib. per sq. in 
Temperature of feed water .. 55.6 deg. Fahr. 
ia >, Steam (observed) 358.5 _,, 
the pressure ven above te trem 
’ 
it’s safes ea ooo 328 * 
= aos oes sie » 85.5 4, 
empera’ comping gases in 
the space behind the boiler 
(about) ... sig se -. 400 * 
Feed water per hour... 990 lb 
Total coal burnt per hour... sie 108 ,, 
Pounds of water evaporated per 
Bh ame et coal... wn es 9.61 
uivalent evaporation in 
of ary 9 pound of chal fiom 
and at 212 deg. Fahr. ... Ree 11.56 


The boiler experimented on was similar to that illus- 
trated but smaller (having only 387 square feet of heating 
surface and 9.7 square feet of grate), and was without a 
feed-heater. The coal used was the best Saar coal, in 
lumps, from Altenwald. 

In enumerating the advantages of this form of boiler 
its makers lay particular stress on the superheating 
power of the tubes half in water and half surrounded by 
steam. If, however, they have really overcome the prac- 
tical difficulties—not to say dang ttendant on any 
permanent use of such tubes, they will have done what, 
we believe, no one else has yet succeeded in doing, often 

as the attempt has been made, 
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THE INTERNAL CURRENT IN A VOLTAIC 
CELL, 


On a Galvanometer for Demonstrating the Internal Cur- 
— transmitted through the Liquid within a Voltaic 
Cell.* 

By Conrap W. Cooxs, C.E., M. Inst., T.E. 


Ir is of course well known that when the external circuit 
of @ voltaic cell is closed a current of electricity is trans- 
mitted through that circuit, and at the same time a current 
of equal strength is transmitted through the liquid within 
the cell from one plate to the other. These two are in 
reality but portions of the same current, and are for con- 
venience known as the external or internal currents 
respectively, to distinguish that portion of the main current 
which flows through the external conductor from that 
portion which is transmitted from plate to plate within the 
cell. The former of these is detected by its electro-magnetic 
and electro-chemical effects, producing deflections in galva- 
nometers and electroscopes and ds in telephonic instru- 
ments, and is utilised in all the applications of voltaic 
electricity. 

As far as the author has been able to find out, there 
has not hitherto been any satisfactory means in the 
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enough to be satisfactory, and the author therefore 4 
the instrument which is exhibited on the table, which 
consists of two glass test-tubes united together by a small 
tube about 2 ft. long, and convoluted into two circular 
coils after the manner of a Thomson’s reflecting galvano- 
meter. Within the coils is suspended an astatic system of 
magnetic les of which the upper carries a light mirror 
by which its deflections may be made apparent by the 
movement of a spot of light onascreen. It may there- 
fore in this respect be looked upon asa Thomson’s re L 

galvanometer, coiled with liquid instead of with metallic 
wires. The elements are placed one in each of the little 
cells, and may be connected by a key; or, 7 aes 
reflecting galvanometer in the external circuit, both cur- 
rents may be simultaneously indicated on the screen and 
their independence or identity be demonstrated. The first 
instrument constructed by the author was made by con- 


coiled round two cardboard cylinders, but through the 
kindness and unrivalled skill of his friend Mr. Giming- 
ham, whose name is now inseparably connected with ¢ 

splendid researches of Mr. Crookes, he was able to produce 
the instrument on the table, in which the tubes and coils 
are of glass, all in one piece, and it is a very beautiful 





hands of the demonstrator o' cs by which the exist 
of the internal current within a single cell can be made 
apparent. Faraday, in the course of his early re- 
searches, made the following experiment ; he suspended a 
magnetic needle by a silk thread and lowered it into the 
liquid between the plates of one cell of a voltaic battery, so 
that its length should lie in a plane perpendicular to those 
of the plates, and he observed that when the needle 
was just below the surface of the liquid it was deflected 
the moment that the external current was closed. On 
lowering it still deeper (the current being maintained com- 
plete) its deflection gradually diminished as the depth of 
immersion was increased, until it reached a position about 
half the depth of the _ when it returned to zero, and 
after passing this depth it was again deflected, but this 
time in the opposite direction, its t deflection in 
either case increasing as its distance from the neutral or 
central point wasincreased. The cause of this phenomenon 
is obvious from the following considerations: If a wire 
carrying an electric current be held above and parallel to a 
magnetic needle, the latter, obeying ers law, will be 
deflected with an angular displacement dependent upon the 
strength of the current and its distance from the needle ; 
and if the same wire be held below the needle, the latter 
will be similarly deflected, but in the opposite direction. 
Now the flow of electricity through the liquid in a voltaic 
cell may, for the purpose of this explanation, be looked 
upon as @ up of an infinite number of currents trans- 
mitted in a horizontal direction from one plate to the other ; 
and when a magnetic needle is immersed just below the 
surface of the liquid, all these currents are flowing in one 
direction below it, and a corresponding deflection takes 
place ; when, however, it is lowered deeper into the solu- 
tion a certain number of currents are flowing below it 
tending to deflect it in one direction, and a certain number 
are flowing above it tending to deflect in the opposite direc- 
tion, and its permanent "deflection is due to the electro- 
magnetic effects of the difference between the two. When 
these become equal, as they are when the needle is at the 
middle of its depth, their effects on the needle are balanced 
and neutralised, and no deflection takes place, and when that 
int is the currents above the needle are in excess of 
bose below it, and a corresponding deflection in an opposite 
direction is given tothe needle. This is an interesting ex- 
iment, but is very difficult to repeat on account of the 
Keble and unconcentrated nature of the electric currents 
above and below the needle, and the resistance offered to its 
motion by the liquid in which it is immersed. 
essor Hughes, by ing in the current of a 
battery an apparatus, such as a clock microphone, or a key 
by which an intermittent or undulatory character may be 
given to its current, and holding one side of a rectangular 
coil of wire in circuit with a telephone over one of 
the cells of his three-cell battery, induced a secondary in- 
termittent or undulatory current in the coil by that 
portion of the primary circuit transmitted throngh the 
cell, and a corresponding ticking was heard in the tele- 
hone. 

In both these fea gen ny however, the effects observed 
must be attributed rather to the external current of the 
other cells than to the internal current of the cell under ex- 
periment ; and the author is unaware that any successful 
attempt has hitherto been made to construct an instrument 
which shall utilise the whole of the internal current of a 
single voltaic cell for the production of electro-magnetic 
effects. While en in some experiments a few years 
ago it occurred to the author that if a voltaic cell were 
divided inte two portions, having the zinc element in one 
portion and the itive element in the other, and the 
solution contained in the one portion were connected to 
that in the other by a tube filled with the same liquid, the 
tube being coiled round a etic needle, a deflection of 
the latter, due to the current within the cell being forced 
by the convolutions of the tube to circulate around the 
needle, would be produced when the two elements were con- 





nected her, and the a tus shown on the di 

was ‘cons - This will be seen to consist of two 
glass tubes closed at their lower ends with perforated 
corks th h which the ends of the coiled tube are 


inserted. ithin the rectangular coil of the tube was 
suspended a ic needle, and the whole having been 
filled with diluted sulphuric acid, a plate of zine was 
placed in one tube and a stick of carbon in the other. On 
ne See See by means of a wire, a 
slight deflection took place, but owing to the feebleness of 
the current, the directive action of the earth’s magnetism and 
the friction of the pivot, the instrament was not sensitive 





of accuracy of glass blowing. Below the base of 
the instrument is a fine slightly magnetised oom | needle, 
which can be rotated on a vertical axis throngh a small 
angle by means of a little lever, and by which the instru- 
ment may be adjusted to zero. 

The author has been induced to bring the instrument 
before Section A of the British Association in the hope 
that it may be useful, not only for science teaching, but 
for aiding investigations connected with the physical ac- 
tion of the voltaic battery. 





BRITISH ASSOCIATION. 
GRANTs FOR ScIENTIFIC PURPOSES. 
Tue following is a synopsis of grants of money appro- 
priated to scientific purposes by the General Committee at 
a meeting held at Sheffield on the 27thinst. ‘The names of 
the members who would be entitled to call on the general 
treasurer for the respective grants are prefixed. 


A. Mathematics and Physics. 








_@ read before Section A of the British Association 
at Shethela 





necting the two cells by means of a tube of india-rubber, 


BRITISH ASSOCIATION SCIENCE. 


To THE Eprror oF ENGINEERING. 
S1r,—In the presidential address delivered to the Mecha- 
ical Science Section (Section G) of the British Association, 


ni 
by Mr. John Robinson, _ _ has been — in one 
of your contemporaries, ollowing paragraph occurs : 

*‘ In the Bessemer process, a ge of aselected quality 
is charged into what is technically called a ‘converter,’ a 
large cast-iron vessel into which air can be blown at con- 
siderable velocity by suitable blowing machinery. This 
goes an until the iron is thoroughly oxidised, and the im- 

urities contained in the metal are driven off. When this 

appens the blowing ceases, and a certain proportion of 
spiegeleisen or of ferro-manganese is added to the charge 
so as to give the required amount of carbon. Blowing re- 
commences, this time only to effect complete mixture of the 
materials, and then the casting of the [ingots takes place of 
a quality corresponding to the metal selected for the mix- 
tures. A mild steel—or as it has been called, a pure iron 
— is the resultant.” 

The inaccuracies in this*paragraph are as follows. The 
converter is not, except in rare instances, a cast-iron vessel, 
but a vessel of plates rivetted ther. Theironis not and 
ought not to be oxidised atall. The impurities, sulphur and 
phosphorus, remain unaffected, while their percentage in- 
creases during the blow. It is not customary to re-blow 
after the addition of spiegel. The metal does not corres- 
pond so much to the metals used as to the part played by 
the blower, who can make the steel soft or hard at will. 

The following are corrections of misleading statements. 
The pig is made especially for the process. It is more a 
question of pressure than velocity of blast; although mild 
steels are largely produced in the Bessemer, to which the 
term ‘‘ pure iron’”’ cannot be correctly applied, hard steels 
are also frequently made. 

Yours truly, 
Atex. E. Tucker, Fell. Inst. Chem. 

Rhymney Iron and Steel Works, Rhymney, 

August 24, 1879. 








TRACTION ENGINES IN INDIA. 
To THE EDITOR OF ENGINEERING. 

Srr,—It has occurred to me that in my paper on the 
above subject, read before the Institution of Mechanical 
Engineers, 1 have omitted to give due credit to Mr. Lewis 
Olrick, who = the very special boilers which con- 
tributed so largely to the success of the engines. 

I hope you will allow me to remedy this by giving this 
letter insertion in your next number. I am quite sure from 
subsequent experience that no form of boiler that I could 
have then or now availed myself of would have given such 
uniformly satisfactory results under equally trying condi- 


tions of working. 
Yours faithfully, 
R. E CROMPTON. 


Mansion House Buildings, London, August 26, 1879. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Trade.—The mo ag egy which for a week or two past 
has been noticeable in the iron trade of the country has 
extended to Sheffield, and the leading makers have their 
sheet and plate mills busy. mer steel manufacturers 
have large orders in hand for rails and tyres, mostly for 
the English railway companies. It is thought that if 
business continues improving one or two more furnaces in 
the district will have to be blown in. The distress in the 
coal trade remains as marked as ever, and struggles 
between the employers and colliers on the matter of wages 
are taking place in all parts of the district. In the cutlery 
branches there has recently been an accession of orders, for 
Australia and the West Coast, and one or two houses trading 
with the United States have received heavy lines for edge 
tools and files. Table and pocket cutlery only find a 
limited sale, and the accession of work recently reported 
is principally confined to the heavy branches. 


Sheffield ap and Rolling Mills Company, Limited.— 
The report of the directors for the past twelve months has 
been issued. The directors have to report that during the 
past twelve months the business of the company has con- 
tinued to improve. The accounts show that a gross profit 
of 41861. 11s. 3d. has been earned, and that, after paying 
interest and all other charges and making provision for 
bad and doubtful debts, there remains a net profit for the 
year of 2091. 12s. 1d. The directors hope that this result 
will be not unsatisfactory to the shareholders when taken 
in connexion with the severe depression in trade, and the 
somewhat heavy losses in which the com has unfortu- 
nately been involved by the recent feel failures. A 
further instalment of 50001. has been paid during the year 
to the vendors’ or _—— account. The stock has om 
carefully taken and valued at the market prices of the day. 
The — has been maintained in efficient working order 
out of revenue. 


New Works on the Aire and Calder Navigation.—Mr. 
Stanhope, M.P. for the South-West Riding, Mr. Aldam, 
J.P., and other gentlemen connected with the Aire and 
Calder navigation, have been travelli cons ha line of 

ing Leeds with the Ouse and Humber, and have 
inspected the various works which are being carried on for 
the improvement of the navigation. At Goole are the 
new works on the banks of the Goole and Knottingley 
ti A coment coumeusthey, d repairing “the 

on, the com purpose an e 
screw tugs and boats used in that extensive system of inland 
navigation. These cover a considerable area of land,.being 

oe ee See the other by the 





Lodge, Dr.—New Form of High Insulation ¢. 
Cy ee ose se oe eve 1 
Adams, Professor—Standard of White Light 20 
Everett, Professor — Underground Temper- 
ature ... eco as: a - ae 10 
Joule, Dr.— Determination of the Mechani- 
cal Equivalent of Heat... - 50 
Thomson, Sir W.—Elasticity of Wires 50 
Glaisher, Mr.—Luminous Meteors ... eee 30 
Darwin, Mr. G. H.—Lunar Disturbance of 
Gravity ese = oe a eee 30 
Sylvester, Professor — Fundamental In- 
variants ove exe = pan - 50 
Perry, Mr. J.—Laws of Water Friction ... 20 
Ayrton, Mr. W. E.—Specific Inductive 
Capacity of Sprengel Vacuum _... ose 20 
Haughton, Rey. Professor—Completion of 
Tables of Sun Heat Coefficients ... ia 50 
Forbes, Professor G.—Instrument for De- 
tection of Fire Damp in Mines ... pe 10 
Thomson, Mr. J. M.—Inductive Capacity of 
Crystals and Paraffines... ee - 25 
B. Chemistry. 
Dewar, Professor—Spectrum Analysis _... 10 
Wallace, Dr.—Development of Light from 
Coal Gas ese tos ooo i As 10 
C. Geology. 
Duncan, Professor P. M.—Report on Car- 
boniferous Polyzoa ... dss pe ove 10 
Adam, Professor A. L.—Caves of South 
Ireland ae wie eee nd i 10 
oy, Professor—Viviparous Nature of 
Icthyosaurus ... aoe re <i ane 10 
Evans, Mr. John—Kent’s Cavern Explor- 
ation ... we Be ai aie 50 
Evans, Mr. John—Geological Record ~ ep 
Williamson, Professor - ©. — Miocene 
Flora of the Basalt of North Ireland ... 15 
Hull, Professor—Underground Waters of 
Permian Formations tbe cen eve 5 
D. Biology. 
Pye-Smith, Dr.—Elimination of Nitrogen 
by ily Exercise ... eos ace ong 
ing M. General — Anthropological 
otes ... eee too esp on adn 
Stainton, Mr.—Record of Zoological Litera- 
ture... ae pene og ane i 
Foster, Dr. M.—Table at Zoological Station 
at Naples nr ose eco Sei ioe 75 
Gamgee, Dr. A.— Investigation of the 
Geology and Zoology of Mexico ... Lis 50 
Lubbock, Sir J. — vations at Port 
Stewart va oe = ee aus 15 
FP. Statistics and Economic Science. 
Farr, Dr.—Anthropometry ... ees 50 
G. Mechanics. 
Bramwell, Mr.— Patent Laws 5 
960 
Summary. 
Section A . } eee 375 
" . ove te . 20 
» © eve des = au * 200 
ii -* bea ie éee ee ~ 310 
OTS ons see ra xy 50 
a. eco ove 5 
Total .. 960 


Dutch river. The di were accompanied by Mr. 
manager and engineer. 


Bartholomew, C.E., the general 
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NOTES FROM. CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market. — Y there was 
rather a smaller attendance on ’Change at Middlesbrough. 
The market ‘was a little weaker, prices bei on 
No. 3 selling to the end of next month for 38s. 9d. per ton, 
and to the end of the year for 34s. In some instances 
makers held out fer 34s. 6d. per ton. Messrs. Connal and 
Co., the warrant storekeepersof Middlesbroughand Glasgow, 
had a stock yesterday amare | to 82,200 tons at Middles- 
brough. This is an increase of 300 tons during the week. 
In Glasgow Messrs. Connal have a stock of 420 tons. 
It was seen by the telegrams on the Exchange that the 
Glasgow market was easier. Whatever may be said about 
the general improvement of trade, there are no indications 
of it in the Cleveland district yet. 


The Finished Iron Trade.—Last week the prices obtained 
for ship plates in Scotland were lower than they have ever 
been known, and this fact was felt by the plate makers 
in the North of England. Competition continues very 
keen. 


Messrs. Bolckow, Vaughan, and Co., Limited.—For the 
first time since the company was formed, Messrs. Bolckow, 
Vaughan, and Co. have felt it unadvisable to pay an 
interim dividend for the half-year ending the 30th . 
last. They attribute this to the peewee Roam «m= in the 
coal, iron, and steel trades, and the interference with and 
stoppage of the company’s works, owing to the miners’ 
strike in the county of Durham. The company are makin 
progress with the steel question. They are making stee 
rails from Cleveland iron. 


The Wages of Ironworkers.—Mr. David Dale has now 
under consideration the question of reducing the wages of 
the higher paid men in plate mills and forges 15 per cent. 
That gentleman has also been chosen arbitrator to settle 
the question of the proposed general reduction in the 
manufactured iron trade of the North of England of 5 per 
cent. On Saturday the Board of Arbitration will meet at 
Darlington to settle the matter. 








NOTES FROM THE SOUTH-WEST. 

Cardifi.—Trade generally at this port has improved 
during the past few days, and things are looking brighter 
all round. Especially is this the case in the demand for iron, 
large orders having been booked both for Canada and the 
United States, most of them for immediate delivery. The 
demand for coal is also steadily increasing, especially for 
steam, which has rather improved in price. Freights to 
the Mediterranean and French ports have a tendency to 
rise, and steamers are in demand for these places. To the 
East no improvement is shown at present, but homeward 
freights from America are good. The returns give a de- 
crease in the quantity of coal shipped foreignwise of 5714 
tons ; in iron a decrease of 928 tons; and in patent fuel a 
decrease of 1589 tons ; this is mostly accounted for by the 
a of several large steamers expected during the 
week. 


Extensions on the Great Western Railway.—The head- 
ing forthe Severn Tunnel has made pe pregress during 
the past half-year. The length under the river will probably 
be completed before the end of the yéar. The enlargement 
and lining of the lower heading to be used for the purposes 
of drain: and ventilation will be commenced imme- 
diately. The material through which the tunnel will be 
constructed appears, so far as it has been opened out, to be 
of a favourable character. The difficulties which have been 
met with in the construction of the tunnel at Mitcheldean 
have delayed the completion of the branch line from 
Mitcheldean road to the Forest of Dean coalfield, but satis- 
factory progress is now being made with the work. The 
Swansea and Clydach branch is in progress. The con- 
tractor has nearly completed the viaduct at the southern 
end of the line, and several bridges over the Swansea Canal 
have been constructed. A short branch passenger line into 
Stourbridge is completed, and the new goods _ will, it is 
hoped, be ready for traffic before the end of the pe. On 
the Western, Clevedon, and Yeovil branches the broad 
gauge, which has hitherto been in use on these lines, is 
being replaced by the narrow gauge. In carrying out this 
work some improvements will be effected in the stations. 


Coal Winning at Caerphilly. — Yesterday week Mr. 
Mr. Henry Coggins, Caerphilly, who has been driving a 
level on the Pen Capel Farm, near that place, su ed 
in winning the celebrated Llantwit seam of good house 
coal, 2 ft. thick. This colliery is in close proximity to the 
railway station, and will be very convenient to the place. 


Monmouthshire Railway and Canal Company.—The 
Talywain Branch has been comp , and is awaiting the 
approval of the Board of Trade to be opened for traffic. 
Since the last half-yearly meeting an Act of Parliament 
has obtained to enable the com to close a por- 
tion of the Monmouthshire Canal in the borough of New- 
port, extending from the Newport Dock to Llanarth-street 
Bridge; and notice has been given that such portion will 

osed accordingly on the 1st October proximo. 


a — te has been brisk in the Merthyr dis- 
trict, and the mineral traffic over the various railways is 
said to have been heavy. The surrounding iron works are 
credited with having been in full swing, the effect of recent 
large orders which have been received. There is also an 
increasingly favourable rumour with respect to the start- 
ing of the thfa Works, which it is confidently predicted 

ill soon again be in operation. 

The Tin-Plate Trade.—On Saturda: ing am 
of representatives from the Morfa, Oldcastle, en, an 
Spitty districts was held at Llanelly. It was decided 
definitely not to submit toa proposed reduction, and on 


Saturday the men will go out on strike. It was stated 
that the roller men in the works, which the notices do not 
affect, will contribute 5s. per week towards the strike fund. 





NOTES FROM THE NORTH. 
r Giascow, Wednesday. 

ay a Pig-Iron Market.—The warrant market was 
again dullish and irregular on Th ,» and prices were 
at one time 6d. per ton lower, although at the close the 
decline was only 3d. Business was done during the fore- 
noon at from 42s. 9d. to 42s. 7d. cash, and from 42s, 11d. to 
42s. 9d. one month, sellers over at the close at the lower 
quotations, and buyers offering 1d. per ton less. m 
42s. 6d. to 42s. 9d. cash and 42s. 10d. eight days were paid 
in the afternoon, and the market closed with buyers at 
42s. 9d. cash and 42s. 11d. one month, and sellers oiaing 
out for 1d. per ton higher. Friday’s market was firm, an 
a recovery of 6d. per ton took place, the week closing at 
the same quotations as those of the preceding Friday. 
This improvement was chiefly the result of the agitation 
amongst the miners for the short ‘‘ darg’”’ and increase of 
wages, combined with heavier sales on American and 
foreign account, and reported financial difficulties in the 
north-west of England. There were transactions during 
the forenoon at 43s. to 43s. 3d. cash, and at 43s. 3d. to 
43s. 6d. one month, buyers over at the higher prices at the 
close. In the afternoon 43s. 3d. cash and 43s. 44d. seven- 
teen days were the quotations, and the market closed with 
buyers at 43s. 3d. cash ahd 43s. 4}d. one month, and sellers 
asking 1}d. perton more. There was a very strong feeling 
at the opening of the market on Monday, but a weakness 
set in, and a gain of 4d. was lost, the final t ions 
being done at the same prices as those quoted at the close 
last Friday. The first business done was at 43s. 7d. cash, 
but subsequently 43s. 44d. was accepted, and from 43s. 9d. 
to 43s. 6d. one month was paid, sellers at the close i 
from 43s. 4}d. to 43s. 6d., and buyers offering 14d. per ton 
lower. The only quotations reported in the afternoon were 
43s. 3d. cash and from 43s. 6d. to 43s. 44d. one month, and 
at the close there were sellers at the lower quotations, and 
buyers offering 43s. 14d. and 43s. 3d. cash and one month re- 
spectively. Yesterday’s market was dull, and the close was 
weak, marking a decline of 3d. per ton. Business was done 
during the forenoon at from 43s. 14d. to 43s. cash, and at 
43s. 3d. one month, the market eI with buyers at the 
higher prices, and sellers asking 43s. 3d. cash and 43s. 44d. 
one month. The afternoon q otations were 43s. 14d. to 43s. 
cash, and 43s. 3d. to 43s. 14d. one month, the market closing 
with buyers at 43s. cash and 43s. 1d. one month, and sellers 
1d. per ton over those prices. There was a steady market this 
forenoon, when business was done in warrants at 42s. 10}d. 
to 43s. cash, and at 52s. 11d. to 43s. fourteen days, closing 
with buyers at the latter quotation, and sellers offering 1d. 
per ton more. The afternoon market was also steady, and 
43s. 3d. one month and 43s. 14d. cash were paid, and buyers 
over at the close. In some instances the prices of makers 
iron were advanced from 6d. to 1s. per ton in the early 
of last week, but generally the increase was taken off o 
Thursday, and the previous week’s prices ruled 
the close. The chief feature in the local iron trade is the 
American demand, which continues to develop; and the 
steadily increasing volume of business which is doing gives 
encouragement and confidence both to makers and holders. 
There is also an increased element of speculation in the 
market, which will doubtless for a time give rise to sharp 
fluctuations. For years past the ——— rate for pig 
iron by the New York liners from the Clyde has been almost 
nominal, and indeed that commodity has at times been 
taken free as ballast; at present, however, 10s. per ton 
freight is being paid, and it is also ifying to notice that 
several panos = Os lately been fixed for Boston, Provid " 
Philadelphia, and Baltimore at from 9s. to 11s. per ton 
freight, according to port—a condition of things which has 
not existed for a number of years. The Continental de- 
mand, as also that for home consumption for prompt 
delivery, is quiet, but there is rather more inquiry for for- 
ward delivery. The revival of trade in America with all 
its varied wants, will make itself gradually felt all over the 
producing world; and itis reasonable to ex that the 
great industries of this country, which are still so depressed, 
will benefit by it. Last week’s shipments of pig iron from 
all Scotch ports amounted to 7260 tons as compared with 
8700 tons in the corresponding week of last year. A large 
poaace | of pig iron has again been sent into the public 

stores, the total stock with Messrs. Connal and 

Co. up till last Friday night being 296,340 tons, thus show- 
ing for the week an increase of 3979 tons. There is no 
change in the number of blast furnaces in operation, the 
total still being 89 as against 96 at the same time last 
year. 


The New Dock Works at Leith.—Messrs. Scott and Best, 
contractors for _ 5 dock works vam aps r+ just 
begun operations for building a graving at the poin 
of the jetty running from the eastern end of the wet dock 
now under construction. The dry dock will be 300 ft. long, 
and is estimated to cost 40,0001. The whole works of 
dock extension will, it is understood, be completed in less 
than two years. The heavy task of filling up the ground 
lying between the breakwater and the railway line is being 
ioriskly carried on by the two railway companies who are 
to occupy the large reclaimed space. The North British 
Railway Company have now been engaged in the work over 
twenty months. The rubbish is o from 
the extension works at the Waverley Station, 
and from Niddrie and usie Collieries. The 





m Niddrie py depth to be 
filled up is abont 10ft. An average ons a day are 
at present being discharged by a squad of thirty men, who 
work ten hours daily for a weekly wage of 17s.. The Cale- 
dosion Railray Company. ore.wall od d with, their 
share of the work on the north side of the dock, As much 





as 1200 tons are being discharged daily, the material being 


temporarily conducted all last week and 
|The wh 1 eb 


refuse from Addiewell Oil Works, thrown into the wagons 
there instead of forming a “‘bing.” The are all 
cleared by hand. At this rate of > with three 
trains running daily, the work of filling’up the entire 
cease Se ly be completed tit Tans then Gigtate 
months. 


The Scotch Coal Trade.—The movement amongst the 
miners of Scotland for the restricted ‘“‘darg’’ or day’s 
work, the eight hours’ system, and an advance of wages, 
has now become very general, and an impression been 
created by the men suchas has not been known for a number 
of years. tterly the coalmasters have come to the con- 
clusion that the rate of pay ought to be more than from 2s. 
to 2s. 6d. per day, and they have been gradually conceding 
the miners’ demands. Ata large meeting of coalmasters 
from various parts of Lanarkshire, held in the,G w Coal 
Exchange to-day, more formal action was taken, for after 
peleel to guusha,uallies treat theta hea aman” 
80 granta ‘orm rise ° 3, and it is 
bable that an advance will at onthe made to aon 
tent of 1s. per ton in the price of round coal, and of 
6d. per ton in the price of dross. Happily, the advance 
of wages will be got by the men without anything in the 
shape of a general strike being resorted to. It is admitted 
amongst the coalmasters that the men have on this oc- 
casion got the “right end of the stick,”’ and that it would 
be very far wrong to refuse the advance of wages, especially 
when it is considered that the miners in the North of Eng- 
land are now getting about twice as much per day as the 
Scotch miners for their work. There is every probability 
that the ironmasters will also have to concede the advance 
of wages now agreed upon by the sale coalmasters. Of 
course, for such coal as they sell in the open market, they 
must also have an advance of price. 


Proposed New Line of Railway for the West of Glasgow 
and Dumbartonshire.—A meeting is to be held in Glasgow 
this day week to discuss a proj which has for some 
time been under consideration for the formation of a new 
local line to be called the West of G w and Dumbarton- 
shire Railway. The capital is pro to be 1,000,000/., in 
100,000 shares of 101. each, with the usual borrowing 
powers. 

_ Slip in the Queen-street Tunnel.—I omitted to mention 
in my “‘ Notes” last week that a most unfortunate acci- 
dent had occurred in the Queen-street tunnel of the North 
British Railway Company, at the entrance to which there 
have been in progress for many months operations for 
opening out a portion of the tunnel so as to give a great 
increase to the station accommodation. Late at night on 
Sunday week a large portion of the roof and walls fell in and 
completely blocked the line, and the quantity of débris that 

to be cleared away was so very great that - 
ments had at once to be made for otherwise contieting the 


passenger traffic. Fortunately the company have the 
Jollege Station in High-street, which is in connexion with 
> | the Eilinburgh and 


u Glasgow line by a detour of some three 
or four miles; and by that the traffic was 
till last night. 
Y ole of that portion of the tunnel which it was 
intended to remove having been cleared away, the works 
were carefully inspected yesterday on the part of the public 
authorities, and to-day the traffic has been resumed, there 
being now a full service of trains. 

Manufacture of Steel at Parkhead Forge.—Following 
the spirit of the times, the proprietors of Parkhead Forge 
have now nearly completed arrangements for the manu- 
facture of steel by the Siemens-Martin process ; indeed, it 
is stated that they have this week had several completely 
successful casts, and that they are quite satisfied with the 
experiments which they have made. 








Tue SoctaL Science AssociaTION.—It is understood 
that at the forthcoming Congress of this Association 
railway interests will be considered. Two papers have 
been promised ; one on “ The Advan of Unity of 
Administration of Railways under State Control,’’ by Mr. 
Edward J. Watherston, F.S.S.; the other on “ Legal 
Hindrances to Locomotion,’’ by Mr. C. D. Collet. 


TorPgepo Boats.—The Admiralty have entered into a 
contract with Messrs. Yarrow and Go., of Poplar, for the 
construction of some of their second-class boats. 
These little vessels are fitted with Yarrow’s patent tubular 
boiler, by means of which steam can be raised from cold 
time of lighting fires The t lin of staring ndopted 
e es. 8 of steeri is 
fant intecthnoed’ bs the anmeinahebiets; and which is now 
as the most suitable for steering this class of 
vessel. It consists of a forward, which is 
worked in conjunction with usual rudder aft. These 
torpedo boats will be completed early next year, and the 
trials of them on the Thames and at Portsmouth are 
looked forward to with considerable interest.—Times 


Houiway’s Process rok THE RepucTion or Mr- 
TALLIC SULPHIDES.—We notice that under the name of 
the Metallic Sulphides Reduction Company (Hollway’s 
eplnt), Limit,» sompany x bring formed to work Mr. 

way’s 0 
are utilised as fuel. e have from tine to tie notioed 
this , and in our number of July 11 last (vide page 
38 of our present volume) we published an article gi x 
account of the and its advantages. 

shail watch “with interest & 

development. We may add that at the 
Hatheha ed’ oo Yateoniaiag teri ox the, ahh 

an. on w 

Ctgims much detailed information, and whic we shall 








publish next week. 
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TESTING WATER PIPES. 

On the Testing of Pipes and Pi ‘oints in the 
Trenches, with a iption of Ossett Water Works. 
By Matcotm McCuuioce Paterson, C.E. 

Tue question of the supply of water for domestic and 
mantfactaring p is universally to be 
of daily increasing importance. This importance attaches. 
in the first degree, to the conservation of existing and 
known sources ; in the second degree, to the discovery and 
utilisation of new and unknown sources ; . ly, to 
the efficient and economical management of the water already 
under distribution. : 

Under the third head, or that of the efficient and econo- 
mical management of water, may be classed the remarks 
contained in the following paper. In writing it, the author 
does not claim to have le any di in matters of 
scientific principle, nor in their application to engineering 
works. He merely desires to draw the attention of those 
members of the profession concerned in water works, to 
certain facts which have come within his own experience, 
to invite discussion upon them, and so arrive at some 
practical result. So far as he is aware, from a careful ex- 





sewer, a large amount of leakage might go on un- 


detected. 
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In pointed illustration of what Mr. Deacon says as to 
pipes under intermittent service, 


of Dr, Thorne he 

ited Dr. Thorne’s report to the Local Government Board 
on an epidemic at Lewes, in which {pages 16 and 17) he 
mentions instances of this coming under his own observation. 
The three referees instructed to report upon the means 
for insuring a constant water supply to Vienna, ascribed 
rap ener Rye a tg — = we ipe conduits 
‘ ve work p in the laying pipes, and 
to hidden faults in the castings,’ occurring chiefly on 
those lines where thin pipes were used. (See Minutes of 

the Institution of i ngineers, vol. xlvi., 308.) 
ex of every engineer in the dis- 
tribution of water tends to confirm these views, and in 
the absence of systematic tests it will be conceded that very 
difficulty exists in insuring the two points most essential 
the efficiency of a pipe conduit, viz., good workmanship in 
the joints, and a jealous scrutiny of each pipe before rolling 
» 80 that the use of a defective pipe is 
difficult. It is well known that the carelessness 
of carters in unloading is a frequent cause of fracture to 
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amination of the Minutes of the Institution of Civil 


Engineers during the past twenty years, no paper has 
ap upon the systematic testing of water mains by 
hydraulic pressure while being laid, nor has any work on 
the subject ever come across his notice ; although, through 
the , he has been informed that in the neighbour- 
hood of London this method of securing good joints for 
many years been carried out by one or two engineers. 

In entering upon the subject, the almost universal diffi- 
culty of insuring good workmanshi» in cast-iron pipe 
conduits be illustrated by citing trom the Minutes of 
the Institution a few of the remarks cf some of our most 
mn yy hydraulic engineers. 

n 1859, during the discussion on Mr. Jackson’s paper 
- the Wh way ew b stp ,”” Mr. Coqnees oat 
that “‘arguing from gas piping, in which, 
under an infinitely less pressure than that to which the 
joints of water mains were usually subjected, the existence 
of considerable was —. evident, he t ht that 
the greater amount of waste took place at the joints of the 
o.. During the same discussion, Mr. Rawlinson said 

t ii 


to 
leak occurred ina pipe in a clay soil, (the 
to the surface, bu’ where there was an open subsoil, or any 
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leaks always showing themselves above 

ght to light many instances — 

ag of water friction. In dhsnntion this pa 4 
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pipes, and in consequence, the most careful testing pre- 
viously is no safeguard. The most skilful and honest in- 
spector cannot always be present during the laying, 
yarning, running, and caulking of each pipe, and_ neglect 
in any one of these operations may cause a leak. Besides, 
if he were t, even that is no absolute security against 
the insertion of defective work or materials, and more- 
over, as will hereafter be shown, sockets good enough to 
anyone | tote re of hidden det is tong. 
ing, owing to t ce idden defects in casting, 
and in such a manner that the pressure of water alone can 
The difkecit ona i of securing perfect con 
im ce a ° 
duit having thus been shown, it is trusted that the subject 
is not unworthy of the attention of the profession. In- 
stances are by 
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the temporary deprivation of one of the chief necessaries of 
life. If, then, it can be demonstrated that a practical 
method is generally available, whereby the integrity of 
the finished work can at certain intervals be in the 
of atrustworthy inspector, another guarantee for 
sone workmanship will be established, and another item 
in the engineer’s burden of responsibility and anxious 
expectation, lifted from his shoulders. 
The subject matter may properly be entered upon by a 
brief description of the 


Ossett WaTER WORKS, 


in which the systematic testing of the conduit and dis- 
tributing pipes was successfully carried out. 

The township and district of Ossett, lying on the left or 
north bank of the River Calder, midway between Dews- 

and Wakefield, in the West Riding of the county of 
York, contains an area of 3105 acres, and a population of 
over 10,000, dispersed in a very straggling manner, as will 
be seen from the plan. (Fig. 1.) ‘The principal industry, 
in addition to oe, is the manufacture of woollens 
in all its branches, including washing, scouring, milling, 
dyeing, extracting, spinning, weaving, and finishing. 

The geological formation of the district is of the upper 
carboniferous era—coal, shales, and sandstones, covered 
with a bed of strong clay, coming close up to the surface, 
which is a series of undulating ridges falling either directly 
or by transverse valleys into the Calder. 

In 1872 the township was formed into an urban sanitary 
district with an authority having the title of the ‘‘ Ossett- 
cum-Gawthorye Local Board.’’ 

In February, 1873, the author and another engineer 
were severally appointed to report upon the question of a 
public water supply, none being then in existence. The 
only sources in use were, ‘ace wells and springs, all sub- 
ject more or less to sewage contamination. 

In 1874, the author’s scheme was accepted, and applica- 
tion to Parliament for the necessary power was e in 
1875, and granted under the Ossett-cam-Gawthorpe Local 
Board Act of that year, which also provided for main 
drainage and street improvements. 

In April, 1876, the works were let in six contracts, and 
were practically completed by midsummer in the following 
year, water being thus supplied throughout the district. 

The supply is purchased in bulk from the Batley corpora- 
tion, and is delivered by them at their Staincliffe service 
tank, three miles west of Ossett, at the price of 8d. per 
1000 gallons, in the quantities contained in the schedule A 
(see Appendix), the period of agreement being only ten 
years. In quality, the water is not to be ex 
Yorkshire. It is gathered from the millstone grit forma- 
tion, about 15 miles to the south-west, upon a most pre- 
cipitous area above Holmfirth, on the borders of Cheshire, 
forming the north-eastern slope of the same ridge of hills 
which supply Manchester, the works of both corporations 
being designed by Mr. Bateman, President uf the Institu- 
tion of Civil Engineers. 

The works consist of a line of pipe conduit, a covered 
service tank, and high and low distributing pipes. 

Pipe Condwit.—The conduit is of cast-iron pipes 10 in. 
in diameter, slightly over three miles in length, with a fall 
of 56 ft. from the cistern of the Staincliffe tank to the top 
of the Gawthorpe tank ; the level (O. D.) of the former 
being 484 ft. and that of the latter 428 ft.; the average 
fall therefore is about 18 ft. per mile, but inasmuch as at 
the desire of the Batley corporation, and contrary to the 
original ment, the 10-in. Ossett branch is attached 
to the 15 in. main service pipe to Batley, the full pressure 
is not to be expected during at least ten hours of the day. 
The quantity for which the works are designed is 500,000 
gallons per de , or 20 gallons per head for the domestic 


and manufacturing purposes of a population of 25,000. | 5 to 


The section, Fig. 2, shows the nature of the ground on 
the line of conduit. The pipes are of the common spigot 
and socket kind, the socket being widened at the bottom 
in. to make a wedge joint and prevent the lead being 

lown. The maximum working pressure is 360 ft. or 156 lb. 
per square inch, and all pipes carrying a pressure above 
200 ft. are in. in thickness, the remainder being , in. 
Seven sluice valves are placed at suitable intervals, and 
air valves at every upward bend of importance. The whole 
of the pipes were tested separately, in a shed erected about 
midway for the purpose, to the pressures shown in the 
schedule B ;(see ape). and also when laid in the 
manner hereinafter described. 

A meter-house, Fig. 5, is constructed below the ground 
level at the Staincliffe end, or commencement of the conduit. 
The building calls for no special notice, and it will be suffi- 
cient to say that the meters are in duplicate, of Kennedy’s 
patent, supplied by the Glenfield Company, and each pro- 
vided with the usual rear and front stop valves to admit of 
inspection and repairs without interfering with the measure- 
ment of water. 

Covered Service Tank.—The site of the service tank is 
at Gawthorpe, distant about two miles from the centre of 
Ossett, this being the highest land in or abont the district. 
The details of construction are shown in Figs.3and4. The 
subsoil is admirably adapted for the purpose, containing 
several feet of strong puddling clay, with stiff shale below. 
An excellent bed of coal, 18in. to 20 in. thick, occurs over 
a considerable portion of the bottom area, just above 
formation level, the seat clay of which makes generally an 
excellent basis for concrete work. The nett capacity is 
1,000,000 gallous, and the mean dimensions are 108 ft. x 
100 ft. x 15 ft., the bottom being an ave' of 7 ft. below 
the surface of the ground. The floor is of Portland cement 
concrete, 16in. thick, rendered with $ in. of cement mortar, 


the proportions of the concrete being 1 part of cement, 
ly of clean sharp sand, and 5} parts of broken stone ; 

the |p + pave of mortar being 1 part of cement, and 
1 part of clean washed sand. 


The inner retaining walls are of blocking-faced masonry, 
partly of Bramley Full 
stone, with 


and of Dewsbury 


it, ' 2 
rubble backing, 5} ft. thick at the base, and 





ed in | be 


F 


2} ft. thick at the top, the face battering one-sixth, 
whole being set in lins Yin. The concrete is carried under 
the walls with a Gin. recess, and under the 
to secure a tight foundation. The puddle is 3ft. thick 

the bottom, diminishing to 2ft. at the top, where it is 
carried 6in. above water level, and protected from the 
sun’s rays by Gin. of sand. The arching is of brick, 9in. 
—_ agers —_ 4in. of on concrete = prevent the 
infiltration o' ‘ace water. There are eight rows, 
span being 13 ft. 1} in., with a versed sine of 2 ft., spri 
at top-water level from ashlar skewbacks at the » 12in. 
thick, and supported by 63 cast-iron pillars resti 


Hl 


a 


ashlar foundations, and connected by: cast-iron girders of | t 


triangular section, Fig. 6, from which the remainder of the 
arches spring. The bases of the pillars are 
ashlar foundation by rag-bolts passing through loose bed- 
plates of cast iron into the stone, and run in and caulked 
with lead, the weight on each pillar being evenly distributed 
by a ring of lead, ? in. thick, slipped over a yeep | 
ring on the surface of the bedplate, on which the tube 

the pillar rests, Fig. 7. Over each line of pillars, the 
webs of the girders are pierced by holes, through which 
are passed Lowmoor wrought-iron tie-rods, 1}in. square, 
bent down at the ends to hold the girders, and firmly kept 
in position by steel keys, Fig. 8, the extremities of each 
line of rods passing through stone springers, 24 ft- square 
by 18 in. deep, and secured at the back to wrought- 
iron wall ny of L section, Fig. 9, extending con- 
tinuously along the back of the whole wall, and evenly 
bedded thereon. The object of this is to add = 


to the arches by distributing the supports of the tie-rods. 


throughout both lines of springers. Samples of tie-rods 
withstood a strain of 22 tons per square inch, and it may 
here be stated, that so firm and immovable was this 
framework of pillars, girders, and tie-rods, that it was 
found unnecessary to carry the arching in the usual manner 
simultaneously across the whole width of the tank, poser 
a considerable saving in centering and in time was 
The work was executed in lengths of 10} ft., not more than 
three or four arches being turned at one time, and no sign 
of deviation ever ap in the lines of girders upon 
which the arches rest. For ventilation and light there are 
ten brick shafts, each 2 ft. square, protected by alight iron 
ating and stone coping, standing above the surface, and the 
ollows between the arches are filled in with 12 in. of cement 
concrete. The whole is covered with earth, 21 in. deep at 
the crown of the arch, 9 in. of good soil being placed at the 
top; and sown with fine lawn seed. The interior is reached 
by a flight of fifteen concrete steps, 3ft. wide, the entrance 
ing secured by a locked door. The 10-in. inlet pipe, 
after ing one of Kennedy’s meters, gives off a 6-in. 
branch for the high-level supply direct from Staincliffe, 
and then turns at right angles into the service tank at the 
north-west corner, where it terminates with a vertical bell- 
mouth over a sm sin. Both pipes are provided with 
sluice and reflux valves, the latter being to prevent the 
emptying of the reservoir in case of a burst on the line of 
conduit. At the north-east end are the high and low-ievel 
outlet pipes, laid 12in. aboye the bottom. The former of 
these is 9in. in diameter, and supplies the whole of the 
district below the level of 370ft. O.D.; the latter is Gin: in 
diameter, and supplies so much of the district as lies above 
that level, the direct high-level pipe, already mentioned, 
being to afford sufficiént pressure in case of fire, or w 
the tank is ran down -to its lowest level. At the point A 
communication is made between the high and low levels, 
and at the point B, between the main conduit and the low- 
level distributing pipes, so that the’ whole district may be 
supplied without the intervention of the service tank, and 
also each level by either of the mains. The ratio of the 
peas to the high-level service in terms of population, is 


Between the outlet pipes, and 6in. below the bottom of 
the tank, is the cleansing or discharge pipe, 9 in. in dia- 
meter, with which the overflow pipe, of the same diameter, 
the bell mouth of which is at the top water level, communi- 
cates, a sluice valve being placed upon the discharge branch. 

he outer retaining and boun walls of rubble in 
mortar, the flight of tooled ashlar steps, 5 ft. wide in the 
outer slope, and the meter-house, of pitch-faced Delph or 


parpoint masonry, with massive cornice of Bradford stone, | @ 


need not be more particularly described. - 

Every delivery of lime and cement was tested before using 
in respect of fineness, by being passed through sieves of 500 
and 2500 meshes per square inch respectively, with not 
more than 10 per cent. of residue, and also by setting under 


water. 

The whole of the work connected with the interior of the 
tank was completed by Augast 8, 1877, on which day at 
2.45 p.m., the water was turned on in the author’s presence. 

Although capable of being filled in less than 48 hours, it 
was deemed prudent to proceed by slower stages, and it 
may serve a useful purpose to relate as briefly as possible 
the circumstances attending upon the testing. 


On August 10 at 11.20 a.m., the entrance valve was shut be 


off with the water standing at 7 ft. 8in. in depth. The 
following observations were then taken : 


August 11, .7 a.m., water level=7 ft. 6} in. 


” ? p-m., ” =7 ft. 6 in. 
” ? 4.0 »° ” as? ft. 5} in. 
” 15, 3.0 ” ” =7 ft.5 in. 


No sign of leakage showing itself at any point, and 
it being Tecwn that the body of the retaining wall would 
absorb a la’ uantity of water, the tank was on the 16th 
of August fi Ted to top level, or 15 ft., and again tested, 
with the following results : 
August 16, water level=15 ft. 
” ’ ” =13 ft. 11} in. 


The daily observations showing a steary loss of .86 in. 
Water was found erp io way into the meter-house, and 
being now satisfied that a leak existed, the author ordered 





a shaft to be sunk on the line of outlet pipes, about midway 


secured to the } chisel 


hen | in the tube which has 





sound and dry. 
the stream inthesame position, it was concluded that the 
water escaping at this point was that absorbed into the 
body of the ini , which here found a weak point. 
The water was drawn off, and the crevice was pli with 
an oaken wedge in cement, and fresh 
around the pipes. Thus an insignificant amount of the 
leakage was dealt with. After the trifling nature of this 
leak was discovered, another shaft was sunk apon the line 
of the inlet pipe, in a position somewhat further from the 
tank and between it and the meter-house. On reachi 
the pipe, a similar drift was made towards the retaining 
ll. Water was now found in large apes ey and the 
discovery of two battens right across t ipe trench, one 
above and one below the pipe, together with some defective 
muddle, sufficiently accounted for the loss of water which 
7 been proved by ee - a a oo cge hs 
leakage occ a point. Every ve 
was followed up and taken out, and all new work done in 
the most careful manner, and on D water 
admitted and the tank gradually filled to top level, when all 
was found satisfactory after nearly five months of anxious 


. | work.* 


Here is an illustration of the need of the most rigid super- 
vision in water works construction, such as must have 
occurred within the experience of most ineers. Jealous 
of their authority, the Ossett Local thought proper 
to appoint their own clerk of works, a man wn to 
their engineer, and not in any way approved by him. He 
proved incompetent, and gg © , his place was filled up 
after the mischief was done. whole of the repairs were 
carried out by an inspector originally recommended, 
amongst others, as trustworthy in character and ability, 


by the author. 
(To be continued.) 





THE ELASTICITY OF WIRES. 

rt of the Committee, consisting of Prorzssor Sir 

ILLIAM THOMSON, ProrgssoR CLERK MAXWELL, 

Prorgessor Tarr, Dr. C. W. Stamens, Mr. F. J. 

BramMwew., and Me. J. T. Borromuny, for com- 

Worn Secular Experiments upon the Elasticity of 
res. 

By J. T. Borromury. 

Ar the last meeting of the British’ Association, the 

arrangements for suspending wires for secular experiments 

i been erected in the tower of the 

Glasgow University Buildings, and for observing these 


wires, were described and ya as complete. Some im- 
provements have since been found necessary ; but, so far as 
these are concerned, there is not much to add to report - 
given. 
The long iron tube has been closed at the top and bottom 
so as to keep out currents of air and dust, and the joints of 
the tube have been carefully caulked. 


Some improvements in the cathetometer used for observ- 
ing the marks on the wires were also found to be required, 
but the instrument is now sa‘ ry. 

Six wires have now been suspeaded in the tube; their 
stretching weights have been attached. to them, and they 
have been carefully marked and measured. These wires 
are suspended in pairs—two of gold, two of pinion, and 
two of ium. One of each of the pairs is loaded with 

ight equal to one-twentieth of its breaking weight, and 
the other of each pair with a weight equal to one- of its 
breaking weight. The points of suspension for each pair 
are very close together, so that any yielding of the place of 
support affects both wires equally. 

ach wire is marked with paint marks, and there are 
other marks on the wires and on ights attached to 
them where positions have been determined. These marks 
are described in a laboratory book which is at present kept 
in the room of the Professor of Natural Philosophy in the 
University of Glasgow. The measurements that have been 
made, and the experiments that have been undertaken in 
connexion with the work assigned to the committee, are 
all being entered fa this ay oe aes however, can only, 
as a temporary mode of k r ds. 
this book shall con- 


in : 

1. Description of the tube and arrangements for sus- 
pending the wires, and for suspending itional wires at 
uture times, and description of the mode of attachment 
of the stretching weights. 

2. Description of the cathetometer and method of 
measuring the changes, should there be any, in the lengths 
of the wires. 





re; 
It is intended that the record in 





* The custodian of the water works reports that shortl, 
after taking charge he found a loss of water from the teak 
amounting to 20,000 gallons in a fortnight, but that this 
has grad decreased until at the last egpattant’ of 
testing, he found that my pi gallons ind ortnight 

ns 


escaped, or a little over gallo » which for all 
practical ma; be dioragaadss ; 
BP ry betore Section A of the British Association at 
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CANADIAN RAILWAYS.—No. XXIV. 
GraNp Trunk RAmway or CANADA.—VIII, 


In preceding papers have been sketched the salient 
features of the Grand Trunk of Canada, and the 
most important places and interests with which it is 
identified. No one can pass over its lengthened 
route, or examine its position and details, without 
coming to the somewhat melancholy conclusion that 
there is here an immensely valuable property, with 
an enormous traffic to deal with, and mixed up with 
the development of a great growing country which 
ought to make it each year increasingly valuable, 
but that for some reason the turning-point of its 
prosperity seems indefinitely postponed, that it is 
disappointing in its results to its best friends, un- 
remunerative to its owners, and reflecting by its 
unprofitable working alike on the material interests 
of Caaada and on the astuteness and business 
qualifications of its management. Its great pro- 
portions and capacity are for some reason, perhaps 
not very apparent, imperfectly utilised, and instead 
of being as it was intended, the outlet of 4,000,000 
of an active, energetic people, who fully appreciate 
the advantages of economical intercommunication, 
it has lost its hold of their confidence, and growing 
up all round it are other and more popular lines of 
railway, absorbing the local business of the country, 
and certainly destined ultimately to impair the 
utility of the original route, if not entirely to ruin 
it by a multiplicity of rival competitors. In its in- 
ception it was proposed as the national road for the 
whole of Canada, and 30 per cent. of the necessary 
outlay for its construction was voted, practically as 
a gift, by an enthusiastic people, who were prepared 
to assist in every way to promote the construction 
of a railway, justly regarded then as the greatest 
public work that could be undertaken for the de- 
velopment of the whole community. Few people 
there now regard it in the same light. It has lost 
all trace of a national character as far as Canada is 
concerned, and the Great Trunk line of the future, 
destined to connect Halifax on the Atlantic, and 
Vancouver’s Island on the Pacific, will scarcely 
touch it, whilst its influence must be in the future 
to oppose the really national highway, and to work 
with American connexions in opposition to Canadian 
interests. When the comparatively short line beé- 
tween Toronto and Ottawa is completed, and a 
second bridge built over the St. Lawrence between 
Quebec and Montreal, the 1300 miles of the Grand 
Trunk might be closed, as far as Canada is con- 
cerned, without any of its business being much in- 
jured, and entailing perhaps but little inconvenience 
to the majority of the people. Even on the route 
of the Grand Trunk itself a complete duplication of 
lines is fast coming into operation that will super- 
sede the necessity of the English built railway, and 
release the trade of the district from the monopoly 
of a company that has not been either just or liberal 
in its dealings with those dependent upon it as an 
outlet. From Portland to Montreal, from Quebec 
to Toronto, from Toronto to Detroit, other and 
more accessible roads will be shortly in existence, 
better adapted for the wants of the country, shorter, 
cheaper in construction, and three-fourths of the 
outlay on which has been contributed by the local 
residents on the line, whose interests are thus in 
every way bound up in the opposing routes. Even 
more than this, to give the new lines every possible 
facility, nearly half the cost is in most instances 
given to the constructing companies and carries 
no interest charge, while in many instances these 
donations have been coupled with an express under- 
standing that neither the Grand Trunk nor Great 
Western should ever own or control these dangerous 
rival railways. The opposition thus threatened would 
excite astonishment in a richer and more populous 
country than Canada, where railways have seldom 
been paying investments, where money commands a 
high rate of interest, and where the necessary public 
works have to be conducted with the most 
scrupulous economy, and are financed with the 
greatest difficulty, There must be something 
beneath the surface, some stronger reason and 
more important object in view than has yet been 
stated at English meetings, or explained to the 
British investor. Both of the large English com- 


panies share in the came general disfavour, both are 
environed by the sme powerful rivalry, yet in many 
respects their policy has been widely different, and 
their clashing interests have had and are havi 
much to do with the general result being produ 
The Grand Trunk, a long main route closely hugging 
the line of navigation of the St, Lawrence 


and the 








Lakes, has studiously avoided the construction of 
iary roads ; 


branches or the co-operation of su ; 
with imperial majesty it stoops to no roadside or 
Canadian alliances, and its heavy through trains 
blunder along between its American termini as if it 
disdained the very ground over which it is com- 
pelled to pass, but which is foreign to its owners, its 
objects, and apparently to its interests. Of the 
thirty-five railways that intersect or come in contact 
with it, the Grand ‘Trunk takes but little notice, and 
if in these side lines it has no ‘‘ suckers” in the shape 
of branches, it has very few ‘‘ feeders.” The Great 
Western on the other hand is all legs and wings, and 
of the 1025 miles of railway that it works only 229 
miles from the Suspension Bridge to Windsor can 
be called main line. The profits on this portion have 
to be consumed in paying the losses of the branch 
lines, and as these Somes multiply so will the 
balance of profit, the net revenue diminish. The 
frightful duplication and competition of railways in 
— Canada is simply absurd. The opposite 
: cies pursued by these two corporations lead, 

owever, to the same result, and neither of them 
can honestly hold out to their shareholders any 
hope of remunerative working under the system at 
present being pursued. 

To understand the causes of the present unfortu- 
nate financial condition of the Grand Trunk, whose 
100/. sterling stock, which was once eagerly bought at 
1012. or 102/, and which after twenty-five years 
without a dividend is scarcely saleable now at 6/., and 
is probably worth nothing, it is necessary to go back 
to its early history. ‘The company was incorporated 
in 1852, with a capital of 3,000,000/, sterling to con- 
struct a railway between Toronto and Montreal on 
the north bank of the St. Lawrence, Another Act 
was passed the same session to construct a railway 
from Quebec to Trois Pistolles, 150 miles east of 
Quebec, along the south shore of the St. Lawrence, 
and a third Bill called the Amalgamation Act 
enabled these companies to coalesce with some 
older lines between them and with each other, 
and form really the basis of the present Grand 
Trunk system. In the next year, 1853, an Act 
was passed authorising the raising of 1,500,000/. 
to build a bridge across the St. Lawrence, and 
an extension of the Amalgamation Act of 1852 
gave the company all the legislation necessary for 
its inauguration. The entire amount of capital thus 
created was 9,500,000/7., of which 3,623,000/. was 
derived from 144,920 shares of 25/. each, and the 
same amount was raised by debenture bonds, half of 
which were convertible into shares and half into 6 
a cent. provincial debentures at the option of the 

olders. Besides this, 400,000/. of Government de- 
bentures had been already issued to one of the 
amalgamated lines, and the rest of the capital was 
made up by subscriptions already paid on the older 
railways. The proportion contributed by the 
Government under this arrangement was 2,211,500/., 
for which they held a first lien on the property, and 
the execution of the works was taken by responsible 
firms for a sum within the amount of capital thus 
created. In 1855 further assistance was sought and 
obtained from the Government to the extent of 
900,000/., the proviso being that the money 
to be advanced should not exceed 50 per cent. 
of the value of the work done, and that they 
also should be included in the first mortgage 
held by the Government. In 1856, the contractors 
being unable to raise the necessary means as ex- 
pected, it was found nece to abandon the claim 
held by the Government, and 2,000,000/. of bonds 
were authorised to be issued to have priority over 
the provincial mortgage for the 3,111,500/. altogether 
advanced. In 1857 an Act was passed to dispense 
with the Canadian directors, who had heretofore 
been nominated by the Government, according to 
the stipulations of the original Act, to extend the 
time for the completion of the works, and to post- 
pone the payment of the interest on the Govern- 
ment loan, until the company’s shares should re- 
eeive a dividend of 6 percent., which was equivalent 
to a gift of 187,4001.a year. The line was opened 
throughout in 1859. Canada had now done her fair 
share, had received nothing but abuse for her ad- 
vances, and when in 1861 the previous existence of 
directors appointed by the Government, but who 
had never in any way interfered with the manage- 
ment, was made the basis of a claim of financial re- 
sponsibility which the province had never con- 
templated, the first step was taken towards that 
alienation of feeling, which every action of the 
company for some years after seemed intended to 
increase, In 1862 the company sought and obtained 


additional remuneration for carrying the mails, be- 
sides authority to my this for 500,000/. 
sterling; the Grand securing these, and 
having received ever since a greater sum mile 
for thig service than any other railway in the 
country. In the next session equipment bonds 
were issued as a first lien on the property for 
another 500,000/., and since then other preferential 
charges have been created, all pushing back the 
original bond and share subscriptions till their 
real value is either entirely lost or irrevocably 
depreciated. Up to the end of 1861, when 1036 
miles had been constructed, and all the important 
leases had been effected, the total expenditure had 
been 11,950,486/., nearly 3,000,000/. more than the 
works were to be completed for under the different 
contracts ; and although no additional mileage had 
been constructed in the interval, 6,654,541 /. were 
added to this capital up to the end of 1870. 

The Grand Trunk is a single track road through- 
out, and is the only one of the leading east and 
west railways in America that has not more or less 
doubled its track during the lengthened period tha 
it has now been operated. Such a railway with 
equipment and structures of equal classification is 
not worth more than 8000/. sterling per mile in 
Canada, and in point of fact this is about the 
price for which Messrs. Peto, Brassey, and the 
other contractors completed the more expensive 
portions, whilst a long mileage was executed at 
considerably less. Deducting the mileage of the 
leased lines, this would amount to about 8,000,0002,, 
to which must be added 1,000,000/. for the Victoria 
Bridge. Deducting from the 9,000,000/. the 
8;000,0007. found by the Government, and on 
which no interest has been paid excepting for the 
first year, leaves 6,000,000/. as the amount on 
which the Grand Trunk ought now only to be re- 
quired to have interest to provide for, or a total 
of 360,000/. per annum. ese figures are all that 
a valuation of the property to-day would show as 
the value of the entire railway, and on this sum 
the line from its Canadian receipts alone would 
ey the 6 per cent, interest that is expected. 

here then is the other 10,000,000/. exhibited in 
the =m account in addition to the accountable 
expenditure, and the existence of which is the 
cause of the constant financial disappointment of 
the whole undertaking? It has not Soon expended 
in Canada, and in no way is this country responsible 
or blamable for the loss or deficit. The fact is 
that this immense waste of capital, which is at 
the root of all the evil, has taken place in 
the excessive cost, and the loss in working of the 
American extensions which have been leased in 
—s of other claims at absurdly high rates, 

ome of these extensions have never paid even their 
working expenses, leaving the whole rental to be 
an incubus upon the Canadian portion, while 
their interests have so warped th «whole system 
from its legitimate purposes that all Canadian 
claims have been sacrificed in a hopeless struggle 
to secure an American and foreign business. 

In 1861 there was a floating debt of twelve million 
dollars on the line, at the same time the rails and 
rolling stock were completely used up, and to quote 
the chairman’s own words, ‘‘ the road was full of de- 
cayed iron, the rolling stock was worn out, and we 
were surrounded by creditors.” This terrible loss 
of 400,000/. per annum going on for over twenty 
years is chargeable not to the Canadian railway at 
all, but to the mistaken policy of a distant Board . 
not conversant with the interests of the country, 
and in opposition to the very purpose for which the 
railway was constructed, and the carrying out of 
which is the only way to make it remunerative, But 
the same policy — likely to be followed, and 
the words of Mr. Potter, quoted above, taken from 
his speech at the opening of the International Bridge 
to Buffalo, and the sentiments then expressed are 
precisely the same as others recently employed in 
the present absorbing schemes for securing a better 
connexion with Chicago. Neither Buffalo nor 
Chicago at the west end of the road nor Portland 
at the east are in Canada, and the money contributed 
by that country to aid the railway and carry its busi. 
ness was not given for the purpose to which the 
Grand Trunk have persistently applied it. 

The intention of the railway as proposed by its 
founders and sanctioned by the Government was to 
make it the leading Canadian thoroughfare from the 
great wheat-growing district on the Western Lakes 
to the shipping ports of the east in Canada, The 
confederation of the lower provinces was not then 





in contemplation, but the St. Lawrence route for 
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SCAFFOLDING EMPLOYED IN THE ERECTION OF THE PARIS EXHIBITION BUILDINGS. 


(For Description, see Page 184.) 
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exports to England in yoy to the American 
ports of New York and Boston had taken firm hold 
of the popular mind, and the interest of Canada 
then as now was bound up with the Grand Trunk 
only 80 long as it carried out and assisted to de- 
velop this leading idea. ‘The absorption of the 
railway from Montreal to Portland in the State of 
Maine was a necessity as far as the boundary line 
between Canada and the States, and even the lease 
of the section in the States to Portland was excusable 
as a wanted outlet, and a convenient access to the 
Lower Provinces. The contract made with Messrs. 
Jackson and Peto for a railway in connexion with 
this through New Brunswick to Halifax, in Nova 
Scotia, was made simultaneously with and was ap- 
parently as binding as any other portion of the 
Grand Trunk system. The abandonment of this 
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latter part of their contract, and the creation of the 








American city of Portland as the shipping place for 
Canada, was a result that was not foreseen. Still 
less was it intended that the whole energies of the 
Canadian Trunk Railway should be devoted to 
cheapening the transportation of the produce of the 
Western States to the detriment of their own 
country. At the very time that a president of the 
Grand Trunk through the columns of the Times and 
other papers, and at public meetings, was doing his 
best to injure the credit of Canada, and declaring 
that no more English money should be expended on 
her public works until the Grand Trunk was re- 
munerative, that company under his control was 
spending 400,000/. a year in carrying American pro- 
duce through Canada between its American termini 
at discriminating and ruinous rates, and at the same 
time taxing most unjustly Canadian freighters to 
build up the most formidable rivals to the country, 









the: agricultural interests of the North-Western 
States and the sea-ports of New England, A 
bushel of wheat from Stratford to Montreal, 500 
miles in Canada, paid more freight than American 
produce from Chicago to Portland, although 
brought from the Illinois capital 400 miles further 
west, and carried to the American sea-port 300 
miles further east. At the same time the Great 
Western tariff was manipulated so as to send 
the entire produce of Western Canada over the 
Suspension Bridge to be shipped at New York, and 
both railways were working a parallel policy to sub- 
ordinate the entire trade and produce of Canada for 
the benefit of the United States. A dealer might 
urchase 20,000 bushels of wheat at Woodstock or 
Brantford in Upper Canada, and if these railways 
would have carried it at the same rate per mile to 
Toronto or Hamilton that they did to American 
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SCAFFOLDING FOR ERECTING PARIS EXHIBITION BUILDINGS. 


(For Description, see Page 184.) 
; ee sostres Caters ae 
Fg . 20. Pa i 
-o-- 6.~00.. * - i ure ceccsobeus J q 






._ ir 
*, 


‘ | 
er? Str) 





poceeee 


oreceeees 


worse! 
eoretee 










N 







oe 





< ee eee = ee 








2 


os42S 456 7O GF 10 20 
[_ oor oo | /- 7 cee *‘ 4 1 





2 Eid ad # 6p yo _-_—ap Feet 


years a barrel of flour from Chicago or Milwaukie 
in the far west paid 72 cents freight to New York or 
Portland over the Canadian railways, whilst the 
freight from towns in Upper Can from 400 to 
450 miles less in distance, was 95 cents to the same 


Ser oe 


= it might have reached its destination for one- 
what was demanded, and the railways them- 
selves have received no less, but the whole was 
controlled by American influences too far below the 
surface to be seen by a Transatlantic Board, For 








points, and this was the way that these English 
companies were milking Western Canada to build 
up rival interests in a fo: country, and at the 
same time abusing the C. upon whom 
imposed exactions and injustice that would not 
have been tolerated for a week in England. Nor is 
the injustice altogether over yet; the Canadian 
railways are still blamed for their unremunerative 
working, whilst the real mischief is the low rates 
charged on through American produce, mixed up 
and ave with the higher paid and more profit- 
able local business. In Sir Henry Tyler's of 
April 29th, 1878, at the general meeting, he gives 
the average earnings sg ton per mile for the De- 
cember halves of the six pi ing years in a 
regularly descending rate from seven-tenths of a 
penny in 1872 to four-tenths of a pennyin 1877. 
But he did not state that no Canadian produce was 
ever carried at these minimum figures, nor does he 
state what is known in Canadaas a fact, that American 
goods have been taken at the utterly unremunerative 
rate of one-fifth of a penny per ton per mile, and 
that the minimum he gives would have been smaller 
still but for the heavy discriminating rates against 
Canadian produce. Apart from incensing the 
Canadian —_ by the flagitious disregard of their 
interests, and using their money to build up rival 
districts, these American extensions, with all the 
nursing they have had, have been a dead loss to the 
company in their working. The real interest of 
these roads was so built up with the Grand Trunk 
that all of them would have been only too glad to 
have taken and worked the Canadian traffic at equal 
mileage rates down to the lowest paying point, 
without any lease or guarantee or loss to the leading 
company. rae A were all bankrupt before being 
taken over by the English railway ; they might have 
been bought for next to nothing, and even if they 
were obstinate and refused to come to terms there 
was nothing to prevent’ duplicating a railway, and 
building another Jel line 50 ft. from the first. 
But this was not the policy of the managers of the 
Grand Trunk, and with the blundering liberality 
that could notsee through a bad bargain, the Atlantic 
and St. Lawrence, the Champlain railways, the 
Buffalo and Lake Huron, and the Detroit and Huron, 
all four of them working exclusively for American 
interests in opposition to Canadian, have been taken 
over by the Grand Trunk, and absorbed into their 
system. Previous to their unfortunate transfer, the 
were all worn out, used up, bankrupt railways, wit 
their shares almost unsaleable, their bonds depre- 
ciated, and their rails and rolling stock all but 
worthless ; but by the good offices of the English 
company they have been lifted into affluence, their 
works restored, their debts paid, their bonds made 
a first charge over the Grand Trunk mortgages, and 
their shares ranking equal to Grand Trunk bonds, 
and all this solely because as independent companies 
they could not carry the traffic at less than cost 
rice, and they extended the Grand Trunk influence 
urther into American territory. The nominal 
capital of all these railways was far more than their 
real outlay, from the fact that contractors and 
employés had been compelled to accept shares and 
bonds in lieu of cash, and had taken them at heavy 
discounts. But this was all overlooked in the pur- 
chase, and a cash equivalent was paid for the most 
worthless securities. The Champlain railways, which 
extend from the St. Lawrence towards New York, 
utterly useless as feeders to any Canadian road, had 
a revenue so much less than their expenses that they 
had rolled up a floating debt of 882,813 dols., when 
they were taken over by the Grand Trunk. All 
this is now incorporated in its capital, which—more 
than double the cost of the lines—is now a prior 
claim on the Grand Trunk main line receipts of 5 


and 6 cent. per annum, although the road itsel 
scarcely pays its working expenses. The Atlantic 
and St. Lawrence had for its principal share and 


bondholder the city of Portland, which had other 
reasons besides the profit of the railway to desire 
the traffic of Canada to be brought to the city. 
The profits expected were other than the dividends 
upon the stocks, and under a better management 
the city would have given the whole to the Grand 
Trunk sooner than have lost the connexion. The 
railway was worn out, bridges and sleepers all 
rotten, road settled and unsafe, rails and rolling 
stock used up. Yet the Grand Trunk not only re- 
newed and restored all this to-a state that it was 
never in before, but it bound itself to pay 6 per 
cent, on bonds and 4 per cent. on shares that had 
been issued to contractors at an average of half. 
their fair value, and agreed, in addition, to mains 
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tain for the city of Portland a sinking fund for the 
Tedemption at maturity of her own stock debentures. 
The road does not pay its working expenses, has 
repaid nothing towards the outey on its renewals 
and restoration, but it draws 280,000 dols. a year 
from the life blood of the Grand Trunk. 

The Buffaloand Lake Huron is another useless 
purchase of the Grand ‘Trunk of Canada. It was 
an extension of the American system into the wheat 
districts, an agent for collecting freight forthe New 
York system of railways, and naturally inimical to 
Grand k interests. From the day it was opened 
it fell into debt, and before the Grand Trunk took 
it 4,000,000 dols. loss in working had been capitalised. 
The purchaser lifted it from insolvency into affluence, 
and it now rides on the national road with a priority 
of interest which must be taken from Grand Trunk 
earnings (for it nets but little itself) probably equal 
to from 15 to 20 per cent. on the amount of its cash 
cost. Nor is this the whole loss to the Grand Trunk, 
which has been induced to substitute a magnificent 
iron bridge across the Niagara river for the old ferry 
connexion formerly in use. Had Mr. Potter, whose 
speech at the opening of this bridge has been re- 
ferred to, and his fellow directors, purchased the 
Thames Tunnel, even as an investment it might 
have been as good a property, but he would not 
have been guilty of the suicidal act for the Grand 
Trunk of opening to the crushing rivalry of two 
better lines between Detroit and Buffalo, the miss- 
ing link that gives them the control of the long 
Chicago and Atlantic traffic, which the whole energy 
of the Grand Trunk for years had been bent upon 
securing. 

It is easier to point out mistakes than to apply a 
remedy, but it does seem that in the case of the 
Grand Trunk, a distant and absentee management, 
ignorant of thé country, fégardless of its local 
business, careless of its sympathy, with nothing in 
common with the people, and not represented 
or noticed in me ee assembly, has had a great 
deal to do with e mistakes and blunders that 
have been made. The senseless quarrel of the two 
largest railways in the country, coupled with the 
want of this personal knowledge of resident directors, 
has invited the aggressions of other parties, and 
so fostered the powerful development of rival roads 
that the amalgamation of the two is not now only a 
desideratum, but a necessity to prevent both being 
swamped. In fact each year that this amalgamation 
is delayed is telling ceo | upon the value of both 

roperties, the prospects of which have never been 
blacker than at the present moment. 





THE ERECTION OF THE PARIS EXHIBI- 
TION BUILDINGS. 
(Concluded from page 109.) 

Tue machine gallery adjoining the Avenue de Suffren 
was erected by MM. Schneider and Co, of Creuzot, and 
the appliances used differed entirely from those already 
described. The scaffolding consisted of a large planked 
surface 75 ft. long and 65 ft. wide, supported at a height 
of 52 ft. 6 in. above the ground. On this floor were 
placed a series of crabs and winches, and there were in 
addition two small lateral floors on which also winches 
were placed. In front of this flooring was a staging 
the form of which approximated to that of the roof, 
and on it the various sections of the latter were placed 
as they were delivered on the scaffolding. These sections, 
so far as s the columns, were delivered on the 

und in the same condition as those by the Fives- 
Company already referred to; the principals were 
in two more pieces, so that the conditions for rivetting up 
were practically the same. The columns were laid on 
the ground almost parallel to the axis of the gallery but 
slightly inclined towards the interior. Two winches on 
the scaffold floor were then attached to the column, the 
rope from one to the inner side, at the springing of the 
curved part; the second on the outer side. At the top 
of the column care was taken to level the ground, and 
to lay down planks on the path traversed by the column 
as it was shifted and raised into place. The operation 
of shifting and raising for each occupied from 45 to 50 
minutes, and as soon as a column was in place the tackle 
was shifted over to the other side of the scaffold floor, for 
the erection of thecorresponding one. 

The different parts of the roof were brought from 
Creuzot in barges, and transported trom the depédts on 
the Exhibition grounds to the point of erection by travel- 
ling steam cranes. The parts were raised on to the 
moulded staging before mentioned by means of a winch 
on the top of the latter, and in the order in which they 
were required to be rivetted up, the rivetting being done as 
soon as each principal was complete. The purlins were 
raised and secured between the two principals in the same 
manner, as well as the iron girders. The scaffolding was 
then shifted forward for the of one bay, and the 
different operations repeated, sash frames and other 


portions in the lower part of the building were put to- 
gether in the same way as by the Fives-Lille Company ; 
the difficulty, however, was increased on account of the 
ironwork having been delivered on the ground in a much 
greater number of pieces. The Creuzot contract for 
erection was commenced on the Ist of May, and was 
finished on the 4th September, 1877, and during this 
period about 17 tons aday were got into place. 

The grand vestibule opposite the Ecole Militaire was 
erected by MM. Cail and bo. Each bay of this vestibule 
was com as follows: 

1 Principal rafter, 83 ft. 11{ in. wide, with its two 
columns 52 ft. 6 in. high. 
12 Upper purlins of double T-iron. 
4 Lower con purlins. 
4 Lower purlins of double T-iron. 
2 Upper sash frames. 


2 Lower ” 

These latter were about 32 ft. long. 

Each principal and its supports were delivered on the 
ground in five parts: two columns, two lower sections, 
and one upperone, The purlins and the upper and lower 
sash frames were delivered each in one piece. Two dif- 
ferent scaffoldings were employed. The principal and 
columns were raised by means of one 79 ft. in height, 
and the purlins, &c., were raised and fixed froma second 
one following the first. The former (see Fig. 14, page 183) 
consisted of a flooring nearly 15 ft. from the ground, on 
which were placed two steam winches supplied from a 
vertical boiler, also on the staging. From each of these 
winches were led off two chains, one led over a pulley 
59 ft. above the ground, and thence going off obliquely 
to a corner of the upper part of the scaffolding imme- 
diately above the foundations of the columns. By these 
chains the columns, weighing 11.5 tons, were raised. 
Each column was laid almost parallel to the axis of the 
vestibule, as was done with those for the machine gallery 
erected by Oreuzot; on the foot was fixed a pair of rol- 
lers, under which planks were laid. The chain was 
attached to the top of the column so that when raised the 
latter was suspended exactly over the foundation piers; 
two or three men then guided it in its descent upon the 
bedplate. In the mean time the principal rafter was 
being rivetted up on the ground on a staging to the rear 
of the scaffolding. The other chains from the winches, 
instead of following the direction of those first named, 
were taken over a pulley 78 ft. 9 in. above the ground, 
and thence descended to lay hold of the principal at a 
point 13 ft. oneach side of thecentre. The principal, weigh- 
ing 8.3 tons, was then raised into place, set on the co- 
lumns, and bolted up. As soon as a pair of columns wasin 
place, and during the erection of the principal, the second 
scaffolding was brought up close to the first, and the 
sash frames, weighing 2.2 tons, were got into place. The 
scaffolding shown in Fig. 15, page 184, consisted of three 
floors 39 ft. long and from 13 ft. to 49 ft. above the ground, 
and a central stage 59 ft.above the ground. On the two 
lower stages were placed two cranes, with which the 
sash frames, as well as the upper and lower purlins, were 
raised. The upper purlins were deposited on the top 
central staging. The two lower stages served also to 
accommodate the gangs of rivetters who joined up the 
principals and the columns. 

The method adopted by MM. Eiffel and Co. for erect- 
ing the grand vestibule opposite the Seine did not differ 
materially from that just described. Two scaffoldings, 
one following the other, were employed; the first served 
for erecting the principal and the columns, the second 
the sash frames and the purlins. In this case the 
columns were delivered in two parts, both because the 
first scaffolding erected on the same system as that 
of MM. Cail was much lighter, and was not strong 
enough to support the strains safely, and because the 
smaller pieces were easier of transport. In raising 
them the lower part was laid parallel to the axis of the 
gallery, and the rollers we have referred to, were 
replaced by small carriers on wheels, which were removed 
as soon as the column was suspended. The upper 
i was then raised in the same manner, the chains 

ing carried over an iron jib turning ona pivot; by this 
arrangement the upper part could be raised from imme- 
diately beside the lower, and when lifted to the desired 
height a very slight movement of the jib brought the 
section exactly in place, when it was bolted up. The 
aoe ge were delivered in three parts, which were 

olted together on the ground and raised in one piece. 
The same scaffolding was employed to raise the two 
upper purlins and the two vertical plates of the upper 
sash frames, since this portion was sent from the works 
in two parts. The second scaffolding followed up the 
first one. It had five stages, two 49 ft. above the ground, 
two 52 ft., and one central one 59 ft. high. On these 
stages were placed the winches for raising the purlins 
and the horizontal parts of the upper sash frames. On 
the four lower stages the four gangs of winches were 
established for joining up the columns and principals 
which had been temporarily bolted together. This 
same scaffolding also carried two small stages on the 
level of the joints in the principals, and on which the 
rivetters worked. 

One of the heaviest parts of the work was the erection 
of the angle pavilions. These structures consisted 
each of four walls pierced with arched openings, 39 in. 
thick, and the following ironwork : 








Columns. 
Systems of cross bracing between the columns. 
Girders for ing the columns to the walls. 
iu Spuhainels 
per principals. 
4 toner ° om 
The dome ring and the crown, with a series of 
sash and panel bars of double T-iron. 

For the erection of these structures MM. Cail and Co. 
employed a fixed scaffolding (see Figs. 20, 21, page 183,) 
composed of four stages 23 ft. square, the upper one being 
66 ft. 3 in, above the ground, and an upper and larger stage 
108 ft.3in. high ; on this latter was placed a large turn- 
ing crane. The columns were delivered on the ground 
in two parts; the lower section weighed 7.5 tons, and 
the upper one about 5.2 tons. These columns were 
erected in much the same manner as the columns of the 
machine gallery were erected by the Fives-Lille Com- 
pany, the lower face being held in position close to the 
foundation and the column turned over and raised. 
The upper piece of the column was lifted by a winch 
placed on one of the stages of the scaffolding, and was 
controlled by means of another winch fixed to the opposite 
side of the staging in such amanner as to avoid coming in 
undesired contact with the lower part. When in posi- 
tion the two portions were temporarily bolted together. 
As soon as two of the four columns had been erected 
the fixing of the main cross girders was proceeded with. 
These, weighing each 19 tons, were delivered on the 

und in five s. They were raised by means of 
winches placed on stages 66 ft. above the ground, the 
outer and inner were first raised, and the central 
key was then added, the whole being provisionally bolted 
up to support the columns; gangs of rivetters then got 
to work on stages hanging from the bracing girders. 
After the four columns and the girders were finished, the 
erection of the upperarches was proceeded with. Each 
of these was delivered on the ground in seven parts—the 
two springings, and five lengths forming the arch. All 
these pieces weighed from 2 to 2.5 tons. These sections 
were lifted by means of a winch on the top staging, 
driven by steam from a boiler placed at the foot of the 
scaffolding. A speaking-tube was established between 
this boiler and the winch to control the movements of the 
latter. By this arrangement not only the arches, but all 
the rest of the ironwork was successively raised into 
place, and the work was finished by the construction of 
the crown. For this purpose a small supplementary 
stage was erected above the others, carrying the necessary 
winches and tackle for raising the different portions. The 
light girders connecting the columns to the walls were 
then putin place, and the small angle campaniles erected. 

For the pavilions facing the Seine Messrs. Eiffel and 
Co. employed a travelling scaffold 79 ft. long and 26 ft. 
wide, 60 ft, 6 in. above the ground ; the columns were also 
raised in two parts, but the lower part, in place of turn- 
ing round an axis, was traversed.on the small carrier 
which had already been used for the columns of the ves- 
tibule; the upper portions were raised in precisely the 
same way as that followed by Messrs. Cail. 

Four contractors divided between them the work of 
constructing the inner galleries, and this comprised the 
establishment of a floor about 11 ft. above the ground ; 
each of them employed a different method. Two of the 
contractors, M. Baudet and M. Moissant, preferred to lay 
the flooring of the gallery first, in order that their rolling 
scaffold might travel upon it. M. Baudet established two 
scaffoldings, which comprised a stage 23 ft. 9 in. above the 
ground, and on which was another inclined to an angle of 
the rafters, but able to fold down on to the staging to allow 
the scaffolding to pass beneath the trussrods ; at two of 
the corners of the staging were placed two vertical posts 
on the topof which were two horizontal jibs, the whole 
turning on a pivot. Winches were placed close beside 
the foot of the posts, the winch chain passed to the end 
of the jib, and descended into the basement of the build- 
ing where the rafters were bolted together, the various 
brackets, &c., carrying the lantern and sashes, being also 
attached to them, but the weight of each rafter, and 
especially that of the columns at the end of the jib, 15 ft. 
in length, threw too great a strain upon the scaffolding, 
and the jib was therefore extended behind, and a small 
loaded carriage was placed on it to balance the weight of 
the different parts to be lifted. Thetwo rafters were 
then laid on an inclined plane and bolted together, and 
the truss rods were added. They were then laid on the 
heads of the columns which had been previously put in 
place by the same means. The purlins were adjusted in 
the same manner. A gang of men un a stage hanging 
from the purlins followed the scaffolding and fixed the 
sash bars and lantern. 

In the contract of M. Moissant, only one scaffolding was 
employed as shown in Figs. 16 and 17, page 182; it was a 
staging 5% ft. by 79 ft., on the front of which were placed 
two cranes which served to raise all different parts of 
the roof. The rafters were put in place on a special 
trestle-work, which served at the same time as a scaffold 
for fixing the lantern. Whilst one bay was being put in 
place over the scaffolding, the two cranes placed on it 
were engaged in lifting the ironwork for the next bay; 
as this work occu less time than the erection, the 
gangs who worked the cranes had time also to set up the 
columns, lay down the gutters, and fix the sash-bars of 
the small intermediate galleries. The jibs of the cranes 
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were long enough to deal with the principals of these 
galleries, 16 ft. 4 in. in width, but not to raise the columns 
on the other side. The scaffolding was mounted on nine 
wheels, the three centre ones were on one shaft 69 ft. 
long, on which were keyed three geared wheels driven 
by pinions on the shaft which carried the controlling 
wheels. By the aid of this mechanism ten men could 
shift the scaffolding the space of one bay, that is to say, 
16 ft.4 in. in two minutes. To shift the staging from one 
gallery to another each upright was fitted underneath 
with a small castor-wheel; there weretwelve of these in 
all, and they were so fixed that they could be run down 
by means of screws and take the whole weight of the 
scaffolding, which would then be moved ina direction 
perpendicular to its normal movement ; this operation of 
shifting the gantry occupied rather less than a day. 

After the erection of the inner galleries, M. Moissant, 
with a slight modification in the staging, erected the 130 
principals of the machinery annexes. These principals, 
weighing 2.4 tons, were delivered in four parts, which 
were rivetted up into two parts and then raised by means 
of two small winches on the top of the staging and two 
others below; the ribs, when raised, were bolted toge- 
ther at the crown and the purlins were erected. These 
latter were of wood. On anaverage four priacipals were 
erected daily, the maximum during one day of eight 
hours having been six. 

The two other contractors, Messrs. Rigolet and 
Roussel, preferred placing their staging on the basement 
level of the buildings. M. Rigolet used five scaffoldings, 
three for the 82 ft. galleries and two for those of 
16ft.4in. They were composed each of a small staging 
placed on the level of the capitals of the columns and on 
them were fixed the tackle employed in raising the iron- 
work. The principals were erected complete on the ground 
and raised in one piece. M. Roussel had four scaffold- 
ings (see Figs. 18 and 19, page 182), two for the larger 
and two for the smaller galleries, all of them moving on 
the basement level. The two larger stagings consisted 
of a floor at such a height above the ground that it 
could pass freely beneath the principals of the roof; in 
front of this flodr were mounted on small towers two 
cranes. The central part of the flooring was fixed on 
an independent framework, which could by means of 
chains and winches placed at the bottom of the scaffold- 
ing be raised up to the level of the roof ridge. The 82 ft. 
truss was erected on the ground and then lifted by means 
of the two cranes on the tops of the columns. The 
purlins, sash bars, and pieces of the lantern when 
lifted where placed on the movable part of the scaffold- 
ing, and this latterwas then raised to any desired height. 
As soon as one bay was completed all parts of the scaf- 
folding above the level of the truss-rods were lowered 
and the structure advanced through another bay. 








ON THE PRESENCE OF NITROGEN IN 
STEEL.* 


By Atrrep H. ALLEN. 

WHETHER nitrogen is a normal constituent of steel is a 
uestion which has been attacked by many investigators. 
i of the most recent researches was that made in 1864, 
by Messrs. Stuart and Baker, who concluded that nitrogen 
was not an essential constituent of steel. Their method of 
research was very strongly criticised, and their experiments 

have generally been regarded as inconclusive. 

The author made some preliminary experiments on the 
subject in 1872, but has only recently obtained any definite 
results. The method adopted has been to dissolve the steel 
in hydrochloric acid, by which means any combined 
nitrogen may be presumed to be converted into ammonia. 
The solution obtained was then distilled with excess of 
lime, and the distillate examined for ammonia by Nessler’s 
method. The employment of this extremely delicate test 
enabled the author to operate on a much smaller quantity 
of steel than was employed by previous a 
Very special precautions were taken to obtain the hydro- 
chloric acid and other materials free from any trace 
of ammonia or nitrous compounds, and the air was entirely 
expelled from the apparatus before commencing the opera- 
tion. The hy m evolved was freed from any traces of 
ammonia by passing it through a tube filled with glass 
beads moistened with hydrochloric acid. It was proved by 
blank experiments that no source of ammonia existed 
in the reagents or apparatus. 

When absolutely pure materials were used, and every 
precaution taken to get rid of the contained air and other 
sources of error, the addition of Nessler’s solution to the 
—_ obtained on distilling with lime caused a very marked 
yellowish-brown coloration, On comparing the tint pro- 
duced with that yielded by a dilute solution of ammonium 
chloride of known strength, the following results were 
arrived at as the proportions of nitrogen present in various 
typical specimens of steel : 


+. a Fe 
Expt. I. pt. II. 
1. Bessemer steel (Phoenix Works) 0107 

¢, oh * ie ines 0107 

3. a ” (Atlas Works ... .0148 

4, Siemens-Martin Steel ... ecb 0063 

5. Blister steel (Brittain) ... -0086 0094 
6. - »» (Jessop) . -0090 .0086 
7. Double shear steel (Jessop) 0078 

8. Crucible cast steel (Jessop) 2 0049 -0049 
9. 5s » , 9 (Brittain) ... 0049 

10. Pianoforte wire ... “ 0020 








As the results obtained from steels of different kinds vary 
greatly, it cannot be assumed that there is a constant source 
of error in the mode of manipulation ; while as the same 
samples gave substantially concordant results on repeati 
the experiment, the figures obtained are not the result o 
accident, but are true exp of the proportions of 
nitrogen present. 

In order to obtain ammonia in quantity sufficient for its 
sotgaien by other reactions than that with Nessler’s test, 
the following plan was employed. 

Steam, generated by boiling water in a flask, was passed 
over a considerable quantity of steel —- contained in a 
combustion tube which was bent e furnace, and 
prolonged so as to form the inner tube of a Liebig’s con- 
denser. To the further end, a tube filled with glass beads 
and furnished with a glass stop-cock was attached. A 
rapid current of steam was driven through the apparatus 
for a considerable time to expel every trace of air. On 
condensing the steam, it was found free from any trace of 
ammonia. The steel borings were then heated to redness 
by a combustion furnace, and a rapid current of water 
passed through the condenser. The condensed steam, 
when tested by Nessler’s solution, was found to contain 
abundance of ammonia, which did not diminish in amount 
till the borings were almost entirely odidised. On redistil- 
ling the condensed steam, a distillate was obtained, having 
a distinctly alkaline reaction to litmus paper, and on treat- 
ing it with hydrochloric acid and platinic chloride a sensible 
amount of yellow precipitate was obtained, ing the 
characteristic crystalline form of ammonium chlo: te. 
The amount found was larger than could possibly have been 
produced had the whole of the nitrogen of any residual 
trace of air been converted into ammonia. 

The author —— the results now recorded as prelimi- 
nary merely, and proposes to extend the research to various 
classes of steel and iron, and especially to such specimens 
as have been found to possess anomalous c rs. Of 
these, the evolution of ammonia from freshly fractur 
surfaces is the most striking. 








DEPOSITS FROM MINERAL WATER. 


On Some Curious Concretion Balls derived from a Colliery 
Mineral Water.* 
By THomas ANDREWS, F.C.S. 

THE water on which these observations were made was 
collected from the ‘‘sump’’ of the Wortley Silkstone Col- 
liery, a small pit situated near the ‘‘ Bassett’ or ‘‘ outcrop’’ 
of ‘the great Silkstone seam of coal; the samples being ob- 
tained during typical dry and rainy seasons. The water 
had percolated from the surface a distance of 35 yards. 

The bottom layer in which the water lodged was the 
Silkstone seam of coal, here some 5 ft. in thickness. 

One noticeable feature of this water is, that it always 
gives an acid reaction with blue litmus paper. 

Sev analyses of this water made at various times in- 
dicate that the chief mineral constituents of the water are, 
iron—calcium, magnesium, in the form of sulphates. 

This water when heated quickly throws down a copious 
ochreous deposit. The deposit found in the engine boilers 
after having used the water in them for steam purposes 
was of the composition given below. 

The boiler residue from which this sample was taken, 
consisted of an incrustation about 1in. thick, which had 
adhered to the bottom of the boiler. 

The incrustation was of a light reddish yellow colour in 
the bulk, it was very hard and tough, and not easily broken 
in pieces. 

The ironwork in connexion with this colliery engine and 
boilers, in any way exposed to the action of either the acid 
water itself, or the steam generated from it, becomes cor- 
roded and partially dissolved. The most effectual remed 
against this corrosive action and deposit, is that described 
in my letter to the Chemical News, June 15, 1877. 


Analysis of Boiler Deposit, from a 
Coli 


iery Boilers, September 15, 1875. 
Per cent. 

Moisture fa ind = oe 6.85 
Combined water, organic matter, &c. 5.80 
Silicious matter aa eas ‘ia A 1.80 

Peroxide or iron and alumina containing 
hosphoric acid 0.76 per cent. ... a CO 
Sulphate of lime .. ico val 78.55 
Magnesia... ee ogi ove 0.65 
99.75 


Some curious balls of mineral matter are occasionally 
found in the feed tank of the colliery boilers which are 
supplied with this water. The water is pumped up from 


heated by the exhaust steam from the engine playing on 
its surface (not blowing through it). The water in this 
feed tank has an average temperature of 164 deg. Fahr. 

It sometimes happens that during the short space of even 
two or three weeks, great numbers of these balls are formed, 
varying in size from about 3} in. in diameter to § in. in dia- 
meter, and in weight from about 14 lb. to a 4.02. 

The author has many of these in his possession. They 
are perfectly hard and compact when taken from the tank, 
and are no doubt formed from the deposit thrown down 
when the mineral water is heated. 

The action of steam playing on the surface of the water 
probably causes circular eddies, and when a nucleus has 
thus once been formed, it is easy to conceive of the gradual 
formation and consolidation of these balls. 

The author suggests that the conditions of formation of 
natural nodules of iron ore, lusite, &c., may be similar 
to those observed by him in the foregoing cases. 








* be read before Section B of the British Association 
at Sheffiel 





the — pond into a cylindrical feed tank, and is there 1 


The following is the a is of the balls formed in the 

feed tank, from which it be seen that they are quite 

gifeent ip compotion to th residue depen the 

, 0 TO e 

between the eed tank and the boiler. —— 

Analysis of a Concretion Ball found in the Engine Feed 
Tank. Wortley Silkstone Colliery. 


cent. 

Moistare io 8 RRs 2.30 
Loss on ignition, organic matter, &c., 
contains matters extracted by ether, 5.8 

cent. ss se tne w. 24.40 

Sev ete ove eve oe 1.80 

Peroxide ofiron ... - eee 62.86 

Alumina asa ol a 5.48 

Phosphoric acid ese se 2.81 

Lime ... oon ee eee 0.40 

Magnesia ois oe o. trace 


100.00 


They also differ in composition from concretions deposited 
at the pit bottom in the cold, which show only 47.71 per 
cent. of Fes0;. 


Observations made to ascertain the Temperature at which 
the Deposit and Turbidity take place. 





Temperature at which Turbidity commences. 





Dry Seasons.|Wet Seasons. 





Average of four observations...) 147 deg. F. |160.4 deg. F, 











The action of this mineral water is destructive to all iron- 
work with which it comes in contact, the amount of iron 
dissolved by samples of the water in the cold being as 


follows : 

July, 1868—7,000 fluid grains=1 lb. of the water dissolved 
1.85 grain of iron during one month. 

Feb., 1876—3500 fluid grains=4 lb. of the water (collected 
during a dry season) dissolved 2.91 grains 
of iron in eight months. 

July, 1876—3500 fluid grains=}1b. of the water (collected 
during a dry season) dissolved 4.78 grains of 
iron in eight months. 

Reaction of the water with litmus at the conclusion of 

ese experiments only faintly acid. 

Quantities of iron pyrites are found in the coal strata of 
this neighbourhood, and account for the large quantities of 
sulphates often found in these colliery waters. 

he water during flood seasons required (as an average 
of five determinations) an addition of 10.48 grains of anhy- 
drous Na,O gallon, before an alkaline reaction was ob- 
tainable, and during dry seasons (as an average of three 
determinations) an addition of 17. ins of anhydrous 

Na,O per gallon. This amount of alkali does not all corre- 

spond to free acid, as the sulphate of iron would also neu- 

tralise soda. 


Determinations of the Total Inorganic Constituents were 
made at the Dates and with the Results as below.— 
Results in Grains per Gallon. 











Total Amount of Ino ic 
oy a 
June 20, 1865 ‘i 56.60 
3 ee 
y > ae eee . ery ry season 
June 25, 1874 «ws | 188.70 
June 27, 1874 a 198-80} (Very dry season) 





The sulphates, a very important element in the composi- 
tion of this water, were determined as per following results. 
An av of six estimations of the total sulphates (results 
ote as SO), extending from 1865 to 1876, made 
uring 

seasons—giving 115,41 grains per gallon of SO;, 
joe of eight estimations, extending over the same 
ra ining seats gore 67,62 penins per gallons of SO 
seasons—gave.-67, . 
A fact worthy of notice in course of these analyses is the 
steady and large increase in the amount of the sulphates, 
— the commencement of these observations in 1865 to 


The same result is also noticeable on reference to the 
total amounts of inorganic matter, which show a great 
increase in quantity during the latter of the time. 
Now why this increase in the total sulphates and total 
matters in solution should take place, it is not easy to say. 
It may be owing to the fact of the increased length and area 
of the workings in the colliery, as undoubtedly there is 
more bulk of water to contend with now than formerly on 
this account; but why the mineral matter in the water 
should have increased owing ge od to this increase in 
quantity is not at first sight very clear. 
It may be possible that the lessdiy increased number, 
area, and length of air-ways has a tendency to expose the 
water for a longer time to oxidising influences, and thus 
add to the percentage of sulphates, and this in 
facility for oxidation no doubt also induces more rapid 
solution of the strata as the water slowly permeates 
through it. : 
The author hopes these few imperfect observations may 
not prove ali her uninteresting to those who take plea- 





* P, read before Section B of the British Association 
at Shetheld. 


sare in the study of mineral waters. 
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LARSEN’S TRAMCAR WITH RADIAL AXLES. 


Pig.t. 

















We give, above, engravings of an arrangement of 
tramcar designed and patented by Mr. J. D. Larsen, 
who, it may be remembered, exhibited an example of 
this system at tLe Paris Exhibition last year, constructed 
at his works at Levallois-Perret. The chief feature of 
the arrangement consists in mounting the body of a 
tramear or other carriage upon three-wheel trucks in 
such a manner that the axles are always at right-angles 
to the rails or nearly so. The middle wheel truck, which 
carries two wheels rather smaller than the ordinary size 
and which is not directly connected with the carriage, is 
perfectly free to follow the curves of the lines notwith- 
standing the rigidity of the main frame of the car. This 
truck is connected by articulating bar: with two other 
wheel trucks provided with wheels of the ordinary size, 
these trucks being fixed to the frame of the car by pivots 
or bogie-pins round which they are free to play. The 
middle truck, on account of its small wheels, moves 
under the flooring of the car from one side to the other 
as the line may require it, and being connected with the 
two end bogies it obliges them, by its backward and 
forward motion, to always assume a perpendicular posi- 
tion with the line upon which the car is running. This 
arrangement enables the car to traverse curves of small 
radius with great facility. 

In our engravings A A are the two bogie trucks work- 
ing on the bogie pins B B, each truck receiving its 
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central load through an india-rubber cushion spring. C 
is the middle truck which slides underneath the main 
frame, as above explained, and which is connected with 
the bogie trucks A A by the bars DD. It will also be 
seen from our engraving that the wheels of the two 
bogie trucks a a are provided with false inside tyres to 
carry the brake blocks. This arrangement obviates the 
great wear to which the tyres of ordinary tramcars are 
subjected from the action of the brake blocks, a wear 
found to be more serious indeed than that caused by their 
friction with the rails. 





VIRCK’S HORIZONTAL ENGINE. 

We give on pages 187 and 190 engravings of a type 
of horizontal engine designed by Mr. C. Virck, of 
Kirch Mulson, near Neubukow, Mecklenburg, Ger- 
many. The engine has an automatic cut-off gear, and in 
general principle it has a certain similarity to the Corliss 
type of engine, inasmuch as it has separate admission 
and eduction ports at each end of the cylinder, and the 
closing of the steam valves is effected suddenly by an 
apparatus which works independently of the main gear. 
But here the similarity ends ; instead of the Corliss valves 
it has ordinary flat slide valves, which are so arranged 
that the clearance spaces are remarkably small. 
The motion of the exhaust valves is quite in- 
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dependent of the motion of the steam valves, and the 
cut-off can be effected at any part of the stroke. The 
steam valves are not closed by the release of a spring 
or weight, but by a separate small steam cylinder, the 
valves of which are under the control of the governor. 
The latter has practically no work to do, and in conse- 
quence a uniform speed of the engine is insured, 

An elevation of the engine with the valve gear in front 
is shown by Fig. 1, page 190. Fig. 2 is a longitudinal 
section, and Fig. 3 a plan. Fig. 4 is a cross section 
through the slide bars and the governor gear. Fig. 5 is a 
cross section through the frame just in front of the cy- 
linder, and Fig. 10, page 187, one through the centre of 
the cylinder. Figs. 6, 7, 8, 9, page 190, and 11, 12, 13, 
14, and 15, page 187, are enlarged detail views. 

Fig. 2 shows most clearly the ports a anda', and the 
exhaust passages b and 5!. The steam valves c and c! 
are flat slide valves, and move in ordinary steam chests 
B and B', and their spindles have, where they enter 
and leave their respective chests, the same diameter, 
so that the steam has no tendency to move them either 
way. One steam inlet, I, suffices for both the steam chests 
as they are connected with each other by the steam pas- 
sages O and O', Fig. 10. The exhaust valves d and ad 
are also slide valves, but have no special steam chest, 
the covers are placed inside and on the bottom of the 
cylinder in such a way that they necessitate no dead 
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steam space. They receive their movement by levers 
eand e'l, which engage at their one end with the valve 
spindles f and /!, and at the other ends, which are pro- 
provided with rollers to lessen friction and abrasion, with 
cams g and g' on the discs Dand D'. These discs are 
keyed on the shaft E, which is driven direct from the 
crankshaft F by the bevel wheels o and o', and which 
makes the same number of revolutions as the engine 
itself. The levers e and e!' are connected by the rod J, and 
if either of the two valves opens the other must shut, and 
vice versd. (See also Figs. 1, 3, 4,5, and 10.) By choosing 
a proper shape for the cams g and g', and a correspond- 
ing lap for the valves, a prompt motion, a correct com- 
pression, and a timely release can be easily obtained. 

The steam valves are also worked, as far as their 
opening is concerned, by levers e! and e'', which are of 
the same design as the levers e and e", and the cams f 
and /' on the discs D and DI, but their closing is effected, 
at the proper instant, by a small steam cylinder G called 
the “ expansion cylinder,” and which is shown to anen- 
larged scale in Figs. 11,12, and 13. It has two slide valves 
¢ and i’, which are so connected with each other that if 
the one opens the other closes, and vice versd, and which 
work in two separate steam chests H and H!, these being 
placed in communication with the corresponding ends 
of the main steam cylinder A by two steam pipes z and 
2'.. The rods & and k', when they are moving outwards, 
can not engage with the levers e and e!, on account of 
the slots y and y' at the ends of these rods, but when 
they are moving inwards the ends of the slots take hold 
of the pins z and #', and the levers must follow the move- 
ment of the rods, and the valves c and c! are closed. 

If now the valve of the expansion cylinder G be opened 
after the piston C of the main steam cylinder has made 
part of its stroke towards the left, steam will enter G 
from A, and the piston rod & will move inwards, and by 
imparting motion to the lever e' will shut the steam 
valve c, and the expansion in the main cylinder will 
begin ; while if the valve i remains open until the end of 
the stroke, the steam, which has worked in the expansion 
cylinder at full boiler pressure, will expand back into the 
main cylinder. If now the valvei still remains open during 
the return stroke, the expanded steam in the expansion 
cylinder will find its way out through this very same 
valve into the main exhaust, and only when the expan- 
pansion for the return stroke is initiated by the opening 
of the valve ', and the simultaneous closing of i, the 
communication between the two cylinders will be inter- 
rupted at this side, and reopened at the opposite one. 

Such a motion of the valves as just described is auto- 
matically imparted to them by the governor R (see Figs. 
3, 4, 6, and 7) which may have any speed most suit- 
able to its construction, but the spindle n, which receives 
its rotation from the governor shaft by a pair of spur 
wheels, must make the same number of revolutions as 
the engine itself. On the top end it carriesa sleeve o, 
with a cam v, which, on account of a spiral face worked 
on the upper part of the spindle nm, must change its an- 
gular position when it is lifted or lowered by the go- 
vernor; but if the governor does not alter the position of 
the sleeve, the cam simply participates in the rotation of 
the spindle n, and its position on it is so adjusted, that 
during each stroke of the engine the cam v strikes once 
against the frame p, and, by means of the connexions 
q, 7, 8, t, w, and w', acts on the valves i and i', opening 
the one and shutting the other. This will take place 
according to the height of the governor balls, and (on 
account of the spiral face on which the sleeve has to 
slide) sooner or later after the commencement of the 
stroke; the governor thus completely controls the expan- 
sion of the engine, and a correct and quick cut-off, vary- 
ing from 0.08 to 0.8 of the stroke, can be obtained. 

To gradually reduce the speed of the steam valves 
after they have closed their ports, and to prevent a shock, 
two steam dashpots, P and P' (which are cast together 
with the steam chests B and B!) are provided, and the 


valve for regulating their action are shown in Figs. 14 and | 1979 


VII WUT 
YS AN) 
Zi@Get' WZ 


"Vas hy 
ZS WZ 


SSSSSSSSSSSSSS SS 


13 





15. The steam passage a, communicates with the dash- 
pot, and the passage } with the steam chest, and the 
two small handwheels ¢ and d serve to fix the valve in its 
proper position. 

The expansion cylinder need only be made very small, 
as only the friction resulting from the stuffing boxes and 
the dead weights has to be overcome, and the cubical 
contents of it and its piping will always be but a small 
fraction of the necessary space between the piston and the 
cylinder cover of the engine. 

The draining of the cylinder is effected at each stroke 
when the exhaust port is open through a hole or recessin 
the end, at the bottom of the exhaust valve, see Figs. 1 
and 10, and a bridge in the centre of the port prevents the 
escape of the steam through this opening when the valve 
is closed. 


ON RADIANT MATTER.* 
By Witt1am Crooess, F.R.S. 
(Concluded from page 168.) 
Radiant Matter is deflected by a Magnet.—I now pass 
to another property of radiant matter. This long glass 








tube (Fig. 14) is very highly exhausted ; it has a negative 
FIG. 4. 








le at one end (a) and a long phosphorescent screen (bc) 
own the centre of the tube.. In front of the negative pole 
is a plate of mica (b d} with a hole (e) in it, and the result 
is, when I turn on the current, a line of phosphorescent 
light (e, f) is projected along the whole length of the tube. 
I now place beneath the tube a powerfal horseshoe magnet : 
observe how the line of light (e, g) becomes curved under 
the magnetic influence, waving about like a flexible wand as 
I move the magnet to and fro. ; , 
This action of the magnet is very curious, and if care- 
fully followed up will elucidate other properties of radiant 
matter. Here (Fig. 15) is an exactly similar tube, but 





having 1t one end a small potash tube, which if heated will 
slightly injure the vacuum. I turn on the induction 
current, and you see the ray of radiant matter tracing its 
trajectory in a curved line along the screen, under the in- 
fluence of the horseshoe magnet beneath. Observe the 
shape of the curve. The molecules shot from the negative 
pole may be likened to a discharge of iron bullets from a 
mitraillense, and the magnet beneath will represent the 


earth curving the trajectory of the shot by gravitation. 
Here on this luminous screen you see the curv —- 
of the shet accurately traced. Now suppose the deflecting 


force to remain constant, the curve traced by the projectile 
varies with the velocity. If I r more powder in the gun 
the velocity will be greater and the trajectory flatter, an 

if I interpose a denser resisting medium between the gun 
and the target, I diminish the velocity of the shot, and 
thereby cause it to move in a greater curve and come to 
the ground sooner. I cannot well increase before you the 
velocity of my stream of radiant molecules by putting more 
powder in my battery, but I will try and make them suffer 


* A lecture delivered to the British Association for the 
Advancement of Science, at Sheffield, Friday, August 22, 























a 
Adjustung Valve tor Steam Das 


greater resistance in their flight from one end of the tube 
to the other. I heat the caustic potash with a spirit-lamp 
and so throw ina trace more gas. Instantly the stream 
of radiant matter responds. Its velocity is impeded, the 
magnetism has longer time on which to act on the indi- 
vidual molecules, the trajectory gets more and more curved, 
until, instead of shooting nearly to the end of the tube, my 
molecular bullets fall to the bottom before they have got 
more than half way. . 

It is of great interest to ascertain whether the law 
governing the magnetic deflection of the trajectory of 
radiant matter is the same as has been found to hold good 
at a lower vacuum. The experiments I have just shown 

ou were with a very high vacuum. Here isa tube with a 
ow vacuum (Fig. 16). When I turn on the induction 
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spark, it passes as a narrow line of violet light joining the 
two poles. Underneath I have a powerful electro-magnet. 
I make contact with the magnet, and the line of light dips 
in the centre towards the magnet. I reverse the poles, and 
the line is driven up to the top of the tube. Notice the 
difference between the two phenomena. Here the action 
is temporary. The dip takes place under the magnetic in- 
fluence ; the line of discharge then rises and pursues its 
path to the positive pole. In the high exhaustion, how- 
ever, after the stream of radiant matter had dipped to the 
magnet it did not recover itself, but continued its path in 
the altered direction. 





By means of this little wheel, skilfully constructed by 
Mr. Gimingham, I am able to show the magnetic deflection 
in the electric lantern. The apparatus is shown in this dia- 
gram (Fig. 17). The negative pole (a, b), is in the form 
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d|as if it were an overshot water-wheel. 











of a very shallow cup. In front of the cup is a mica screen 
(c, d), wide enough to intercept the radiant matter comin 
from the negative pole. Behind this screen is a mica whee 
(e, f), with a series of vanes, making a sort of paddle-wheel. 
So arranged, the molecular rays from the pole ab will be 
cut off from the wheel, and wiles roduce any movement. 
I now put a magnet g over the tube, so as to deflect the 
stream over or under the obstacle cd, and the result will 
be rapid motion in one or the other direction, according 
to the way the +r is turned. I throw the image of 
the coperine on the screen. The spiral lines painted on 
the wheel show which way it turns. I arrange the 
magnet to draw the molecular stream so as to beat 
against the upper vanes, and the wheel revolves rapidly 
I turn the magnet 
so as to drive the radiant matter underneath ; the wheel 
slackens speed, stops, and then ae to rotate the other 
way, like an undershot water-wheel. This can be repeated 
as often as I reverse the position of the magnet. 

I have mentioned that the molecules of the radiant 
matter discharged from the negative pole are negatively 
electrified. It is probable that their velocity is owing to 
the mutual repulsion between the similarly electrified pole 
and the molecules. In less high vacua, such as you saw @ 





few minutes ago (Fig. 16), the discharge passes from one 
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decide the question at once. The tube contains two nega- 
tive terminals (a, 5), close together at one end, and one 
positive terminal (c) at the other. This enables me to send 
two streams of radiant matter side by side along the phos- 
phorescent screen, or by disconnecting one negative pole, 
only one stream. 

If the streams of radiant matter carry an electric current 
they will act like two parallel conducting wires and attract 
one another; but if they are simply built up of negatively 
electrified molecules they will repel each other. 

I will first connect the upper negative pole (a) with the 
coil, and you see the ray shooting along the line d, f. 
now bring the lower magetive pole (5) into play, and another 
line (e, h) darts along the screen. But notice the way the 
first line behaves ; it jumps up from its first position, d, f, 
to d, g, showing that it is repelled, and if time permitted I 
could show you that the lower ray is also deflected from its 
normal direction; therefore the two parallel streams of 
radiant matter exert mutual repulsion, acting not like 
current carriers, but merely as similarly electrified bodies. 

Radiant Matter produces Heat w its Motion is 
Arrested.—During these experiments another property of 
radiant matter has made itself evident, although I have 
not yet drawn attention to it. The glass gets very warm 
where the green phosphorescence is strongest. The mole- 
cular focus on the tube, which we saw earlier in the 
evening (Fig. 8) is intensely hot, and I have prepared an 
apparatus by which this beat at the focus can be rendered 
apparent to all present. a 
have here a small tube (Fig. 19, a) with a cup-shaped 
negative pole. This cup projects the rays to a focus in the 
middle of the tube. At the side of the tube is a small 
electro-magnet, which I can set in action by touching a 
key, and the focus is then drawn to the side of the glass 
tube (Fig. 19, 4). To show the first action of the heat I 
have coated the tube with wax. I will put the apparatus 
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in front of the electric lantern (Fig. 20, d), and throw a 
magnified image of the tube on thescreen. The coil is now 


at work, and the focus of molecular rays is projected along 
the tube. I tarn the magnetism on, and draw the focus to 





the side of the glass. The first thing you see isa small | 
circular patch melted in the coating of wax. The glass | 
soon begins to disin te, and qrneks are shooting star- 

wise from the centre of heat. Theglassissoftening. Now 
the atmospheric pressure forces it in, and now it melts. 










perforated in the middle, the air rushes in, and 
ent is at an end. ’ : 

I can render this focal heat more evident if I allow it to 
play on a piece of metal. This bulb (Fig. 21) is furnished 
Pith a negative pole in the form of a cup (a). e rays 
will therefore be projected to a focus on a piece of iridia- 
platinum (6) supported in the centre of the bulb. 


hole (e) is 
e 





I first turn on the induction coil slightly, so as not to 
eos | out its full power. The focus is now playing on the 
metal, raising it to a white heat. I bring a small magnet 
near, and you see I can deflect the focus of heat just as I 
did the luminous focus in the other tube. By shifting the 
magnet I can drive the focus up and down, or draw it com- 
pletely away from the metal, and leave it non-luminous. I 
withdraw the magnet, and let the molecules have full play 

in ; the metal is now white-hot. I increase the intensity 
of the spark. The iridio-platinum glows with almost in- 
supportable brilliancy, and at last melts. 

The Chemistry of Radiant Matter.—As might be ex- 
pected, the chemical distinctions between one kind of 
radiant matter and another at these high exhaustions are 
difficult to recognise. The physical properties I have been 
elucidating seem to be common to matter at this low 
density. hether the gas originally under experiment be 
hydrogen, carbonic acid, or atmospheric air, the phenomena 
of phosphorescence, shadows, magnetic deflection, &., are 
identical, only they commence at different pressures. 
Other facts, however, show that at this low density the 
molecules retain their chemical characteristics. Thus by 
introducing into the tubes appropriate absorbents of 
residual gas, I can see that chemical attraction goes on 
long after the attenuation has reached the best stage for 
showing the phenomena now under illustration, and I am 
able by this means to carry the exhaustion to much higher 
degrees than I can get by mere pumping. Working with 
aqueous vapour I can use phosphoric anhydride as an ab- 
sorbent; with carbonic acid, potash; with hydrogen, 
palladium ; and with oxygen, carbon, and then potash. 
The highest vacuum I have yet succeeded in obtaining has 
been the 1-20,000,000th of an atmosphere, a degree which 
may be better understood if 1 say that it corresponds to 
about the hundredth of an inch in a barometric column 
three miles high. 

It may be objected that it is hardly consistent to attach 
met importance to the presence of matter, when I 

ave taken extraordinary pains to remove as much matter 
as possible from these bulbs and these tubes, and have suc- 











atmosphere in them. At its ordinary 
sphere is not very 
of the world of matter is quite a 
seem that when divided by a million, so little matter will 
A | necessarily be left that we may justifiably neglect the 


ceeded so far.as to leave only about the one-millionth of an 
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dense, and its ition as a constituent 
ern notion. It would 


trifling residue andapply the term vacuum to space from 
which the air has been so nearly removed. To doso, how- 
ever, would be a great error, attributable to our limited 
faculties being unabie to grasp high numbers. It is generally 
taken for granted that when a number is divided by a 
million the quotient must necessarily be small, whereas it 
may happen that the original number is so large that its 
division by a million seems to make little impression on it. 
According to the best authorities, a bulb of the size of the 
one before you (13.5 centimetres in diameter) contains 
more than 1, ,000000,000000 (a quadrillion) 
molecules. Now, when exhausted to a millionth of an 
atmosphere we shall still have a trillion molecules left in the 
bulb—a number quite sufficient to justify me in speaking 
of the residue as matter. 

To su gest some idea of this vast number I take the 
exhaus' alb, and perforate it by a spark from the induc- 
tion coil. The spark produces a hole of microscopical 
fineness, yet sufficient to allow molecules to penetrate and 
to destroy the vacuum. The inrush of air impinges against 
the vanes and sets them rotating after the manner of a 
windmill. Let us suppose the molecules to be of sucha 
size that at every second of time a hundred millions could 
enter. How long, think you, would it take for this small 
vessel to get full of air? Anhour? Aday? Ayear? A 
century? Nay, almost an eternity? A time so enormous 
that imagination itself cannot grasp the reality. Supposin 
this exhausted glass bulb, indued with indestructibility, h 
been pierced at the birth of the solar system ; supposing 
it to have been present when the earth was without form 
and void ; . it to have borne witness to all the 
stupendous changes evolved during the full cycles of 
geologic time, to have seen the first living creature appear, 
and the last man disappear ; supposing it to survive until 
the fulfilment of the mathematicians’ prediction that the 
sun, the source of energy, four million centuries from 
its formation will ultimately become a burnt-out cinder ;* 
pune all this—at the rate of filling I have just de- 
scribed, 100 million molecules a second—this little bulb 
even then would scarcely have admitted its full quadrillion 
of molecules.t 

But what will you say if I tell you that all these mole- 
cules, this quadrillion of molecules, will enter through the 
microscopic hole before you leave this room? The hole 

ing unaltered in size, the number of molecules un- 
diminished, this apparent paradox can only be explained 
by again supposing the size of the molecules to be dimi- 
nished almost infinitely—so that instead of entering at the 
rate of 100 millions every second, they troop in at a rate of 
something like 300 trillions a second. I have done the 
sum, but figures when they mount so high cease to have 
any meaning, and such calculations are as futile as trying 
to count the drops in the ocean. 

In studying this fourth state of matter we seem at 
length to have within our p and obedient to our control 
the little indivisible particles which with good warrant are 
ane to constitute the physical basis of the universe. 

e have seen that in some of its properties radiant matter 
is'as material as this table, whilst in other properties it 
almost assumes the character of radiant energy. e have 
actually touched the border land where matter and energy 
seem to merge into one another, the shadowy realm be- 
tween known unknown which for me has always had 
peculiar temptations. I venture to think that the greatest 
scientific problems of the future will find their solution in 
this border land, and even beyond; here, it seems to me, 
lie ultimate realities, subtle, far-reaching, wonderful. 

** Yet all these were, when no Man did them know, 

Yet have from wisest Ages hidden beene ; 

And later Times thinges more unknowne shall show. 
Why then should witlesse Man so much misweene, 
That nothing is, but that which he hath seene ?”’ 








HARLEM River CANAL.—Work on a proposed improve- 
ment of the Harlem River by widening  ¥ deepening it 
from the Hudson to the East River has not yet been com- 
menced, because the National Government cannot procure 
the right of way. A sum of 400,000 dols. has been appro- 
priated by Congress for the work, with the proviso that 
nothing shall be paid for the right of way. 





Lonpon AssocIaTION OF FoREMEN ENGINEERS AND 
DRAUGHTSMEN.—At the monthly sitting of this institu- 
tion to be held at the Cannon-street Hotel, on Saturday, 
September 6 (8 p.m.), Mr. Noel Chandler ( r of the 
Cannock Chase Foundry, Hednesford, near Stafford) will 
read a paper, illustrated with large models and diagrams, 
on ‘‘ An Apparatus for Coupling and Uncoupling Railway 
Vans and Wagons from the Sides.’’ Mr. Joseph Newton, 
C.E., will preside, and all interested in railway economy, 
whether members of the Association or not, are invited 
attend, and share in the discussion. 


* The possible duration of the sun from formation to 
extinction has variously estimated by different au- 
thorities, at from 18 million years to million years. 
= ad purpose of this illustration I have taken the highest 
estimate. 
+ According to Mr. Johnstone Stoney (Philosophical 
Magazine, vol. xxxvi., page 141), one c.c. of air contains 
about 1000,000000,000000,000000 molecules. Therefore 
a .bulb 13.5 centims. diameter contains 13.5% x 0.5236 x 
1000,000000 ,000000,000000 or 1,288252,350000,000000,000000 
molecules of air at the ordinary pressure. Therefore 
the bulb when exhausted to the millionth of an atmo- 
sphere contains 1,288252,350000,000000 molecules, leaving 
1,288251,061747,650000,000000 ,molecules to enter through 
the perforation. At the rate of 100,000000 molecules a 
second, the time required for them all to enter will be 
12882,510617,476500 seconds, or 

214, 708510,291275 minutes, or 
3,578475,171521 hours, or 











149103,132147 or 
408,501781 4 
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THE PAWTUCKET PUMPING ENGINE. 


In our number of the week before last:we published a 
two-page engraving giving a side elevation of the com- 
pound pumping engine designed and constructed for the 
water works at Pawtucket, Rhode Island, U.S.A., by Mr. 
George H. Corliss, of Providence, Rhode Island. This 
week we give another two-page engraving showing a plan 
of the engine as well as some indicator diagrams taken 
from it during a recent trial. 

As will be seen from our engravings, the engine is of 
novel design,and possesses several peculiarfeatures. It 
is of the compound intermediate receiver type, and the 
two cylinders, which are horizontal, are respectively 
15 in. and 80 in. in diameter, the stroke in each case 
being 30 in. Both of the cylinders are thoroughly steam 
jacketted both over the barrels and covers, and they are 
fitted with valve gear of the same pattern as Mr. Corliss 





applied to his large engine at the Philadelphia Centennial 


.|.was started on January 31st, 1878, and we hope in an early 
--number to be able to give a complete report of some ex- 


periments- which have since been made with it. Mean- 
while, we subjoin a report on the contract test made by 
Mr. Walter H. Sears, the chief engineer of the Paw- 
tucket Water Works, and Mr. Isaac R. Scott, president to 
the Water Board of Waltham, Massachusetts, this report 
explaining the conditions the engine was built to fulfil, 
and also showing that its performance has far exceeded 
the results contracted for. The report is as follows: 


To Messrs. S. 8. Collyer, Wm. H. Haskell, and Geo. H. 
Fuller, Water Commissioners, and Geo. H. Corliss, 
Treasurer Corliss Steam Engine Company, Con- 
tractors. 

Gentlemen— hi 

‘ no 5th of your contract made April 24, 1877, is as 

OLIOWS : 

**5, The engine when completed and ready for service 
shall be subjected to trial tests for duty and capacity ; such 


; Duty. 
5.6952 onb. ft. x 74,463 rev. x 635882 Ib. x 266.4852 ft. x 10 
— — 5272 
= 133,522,060 foot-pounds per 100 1b. of coal. 

Several other trials of the duty were made, the details of 
which will be presented in a more extended report to be 
made hereafter. 

ane eae aes Cnt ea, puaite hoo samnelet, fhe e 
rantee on weeks’ ‘‘ every running,” 

cent., and on that of the 24 hours’ test 





more than 30 

we than 59 pe aa tulate both parti 
n presen’ is ‘We co es 

to the contract, the Pe sth on having 80 peer ally 

designed and built, and the Commissioners on the part of 


the n on ha obtained a pumping engine unequalled 
for the rk moe bo offuel. ~ - 
submitted, 


ALTER H. Szars. 
Isaac R. Scorr 


Pawtucket, R. I., October 7, 1878. 




















Average Average Average Coal Value Duty Calculated| Average 
Wansber of |. Menmaeat Reading of Reading of | Total Head be mee og Coal used tolof Fuel used ae * - Cont eee on Total Fuel | Temper- 
DAYS. Fens = Pte ~ ae Water /|Draught In-} against} Fi Start Fires, | in Starting Pumping, in} Fuel used, used, in Foot-| ature of 
ours Aun./Hevolutions.| Gange,in | dicator, in | Pump, in in P res, | in Pounds, | Fires, in Daas | ta Deenee Pounds per Water in 
Pounds. Feet. Feet. ounds. Pounds. | 100 Ib. Coal. p Well 
deg. 
Tuesday, August 6... 10 30,581 111.248 16.595 274.1674 164 520 593.8 2,284.5* 2,878.3 103,191,770 78.666 
Wednesday ,, , a 10 31,016 109.404 16.256 269.055 170 499 575.5 2,216.5 2,792 105,877,530 79 
Thursday ” 8... 10 $1,132 110.0728 16.7088 271.5053 164 469 542.8 2,283 2,825.8 105,973,950 78 
Friday _. ” 9... 10 31,279 98.275 16.6224 244.1110 i170 527.6 604 2,041 2,645 102,021,290 78 
Saturday 0 wie 10 31,107 110.238 16.0193 271.2179 170 522 598.5 2,217.75 2,816.25 106,132,830 78.5 
Monday oo BBico 10 31,262 110.3424 16.8617 272.2822 170 775 851.5 2,271.5 3,123 600,311 78 
Tuesday 0 Stee 10 31,293 110.154 17.160 272.1334 170 $11.5 588 2,227 2,815 107,183,480 77.833 
Wednesday , 14... 10 $1,261 110.010 16.844 271.5028 227 501 603.15 2,250.75 2,853.9 105,359,104 78.166 
Thursday 15... 10 31,067 110.001 16.610 270.2578 211.5 483 678.175 2,231.6 2,809.675 1065, 460 78.5 
Friday so  BBrco 10 30,956 110.228 15.5529 270.7103 170 501 677.5 2,171 2,748.5 108,021,020 78 
Saturday “a pe 10 31,054 110.042 15.5049 270.2339 170 436.5 613 2,224 2,787 108,591,650 78 
Monday ‘a 10 81,116 110.037 15.7709 270.4735 170 775.5 852 2,180 3,032 98,845,727 77.666 
Totals and averages .., 120 373,124 109.164 16.3169 269.0185 2126.5 6521 7477925 26,598.5 34,076 425 104,357,654 78.194 
Thursday, October 3... “| 24 74,463 108.06 16,6706 266.4852 bad ove 5,272 5,272 133,522,060 68,458 






































* The coal value of the cinders remaining on August 19, estimated at 50 per cent., was deducted from total coal used on August 6, 


Exhibition of 1876. The induction valves of both 
cylinders are connected to one lever for hand adjustment, 
while they are also controlled by a governor which is set to 
limit the speed of the engine to 52 revolutions per minute. 

The condenser is a jet condenser, and the air-pump, 
which is 20 in. in diameter with 7} in. stroke, is vertical 
and situated below the engine-room floor. It is worked 
from an arm on one of the vertical rocking levers, to 
which we shall refer presently. In our engraving of the 
week before last there was insufficient depth available to 
allow of the air-pump being shown, but the connexion 
for working it will be seen on the right-hand side of 
the illustration. 

The pumps are double-acting plunger pumps, the 
plunger in each working through a central partition, and 
being keyed on a prolongation of the corresponding 
steam piston rod. The pump plungers are 10.52 in. in 
diameter, and the piston rods 24in. in diameter, Each 
plunger works in a barrel 15 in. in diameter, on the upper 
and lower sides of which the valves are placed. The 
suction and discharge pipes are 15 in. in diameter. As 
will be seen from our illustrations, the piston rods are 
extended right through the pumps, and each is coupled 
by a short connecting rod to a vertical locking lever 
working on a centre at its lower end. The construction 
of these rocking levers is peculiar, the lower part of 
each consisting of a cast-iron segment of the form shown, 
while the upper part consists of four wrought-iron bars, 
arranged so as to form a truss frame. From the upper 
end of each rocking lever a connecting rod is led off to 
a crank on the end of the flywheel shaft, this shaft 
running on bearings carried by the pump castings. The 
flywheel is 18 ft. in diameter. 

The engine is supplied with steam by three of Mr. 
Corliss’s patent vertical tubular boilers, similar to those 
which furnished steam to the engine at the Centennial 
Exhibition. These boilers have each 19.63 square feet 
of grate surface, and 560 square feet of heating surface, 
and they each consist of a plain cylindrical barrel 4 ft. 
in diameter and 14 ft. long, traversed from end to end by 
48 tubes 3 in. in diameter. The tubes are so disposed as 
to leave a central space, to which access is given by a 
couple of manholes, the manhole rings being fixed at 
about the centre of the height of the boiler, and on 
opposite sides, so that they form, as it were, trunnions 
on which the boiler is hung. A mud-catcher is provided 
in the central space a short distance above the bottom 
of the boiler, the bottom of this mud-catcher being stayed 
to the bottom of the boiler, and longitudinal stays being 
led from the sides of the mud-catcher to the boiler 
top. The lower part of the boiler hangs into a cylin- 
drical furnace of brickwork containing the firegrate, 
a back casing being also carried up around each boiler 
for its whole height, terminating at top on a kind 
of smokebox, from which a flue is led off laterally to the 
chimney. The water level is usually from 3 ft. 6 in. 
to 4ft. from the top of the boiler. The average steam 
pressure is 125 lb. per square inch. 

Of the indicator diagrams, which we give this week on 
our two-page engraving, Figs. 1 and 2 are from the high- 
pressure cylinder, Figs. 8 and 4 from the low-pressure 
cylinder, and Figs. 5 and6 from the pumps. The engine 








trials to be made ye chief engineer of the Pawtucket 
Water Works and his assistants on the part of the party 
of the first part, with the co-operation of and in concert 
with such parties as the party of the second part shall see 
fit to appoint. One of the said tests shall continue for 
twen — hours incessantly, and shall be similar to the 
Lowell tests in June, 1876, with a similar provision in case 
of di ent, as specified in sections 7 and 11 of the 
** Specifications for a Pumping —_ heretofore issued 
by said Water Commissioners. The other shall occupy 
two weeks, omitting the intervening Sunday, running the 
fires ten hours per day as nearly as may be with the engine 
at such a speed as shall guarantee the delivery of 3,000,000 
gallons in twenty-four hours. In this ‘every-day run- 
ning’ test all the fuel used shall be taken into account, 
the wood used for kindling being reckoned as equivalent to 
45 per cent. of its weight in coal. No allowance to be 
made for ashes or clinkers. The coal used in these tests 
is to be first-class run of the mine, and the quantity of 
water delivered is to be ascertained by weir measurement.”’ 

The undersigned, appointed in acco » with said 
section, having made the tests as provided for in said con- 
tract, hereby present the following report: 

The two weeks “every-day running’ test was com- 
menced August 6th, and the computation of the duty for 
the average of the twelve days is as follows : 


Number of hours run... ove 120 
- — t. és oot 373,124 

Average reading of water gauge in 

pounds... ep pie oie 109.164 
Average reading of draught indi- 

cator, being distance from centre 

of water gauge down to surface 
Pr. ee a 9d protien ha a ove 16.3169 

verage 0} against pum 

in feet ae. : oa ——, 
Average temperature of water 5 g- 
Weight of a cubic foot in pounds ... 62.20625 


ment of one revolution in 
cubic feet ... ~- ati ee 5.6952 
Wood used to start fires in pounds 2126.5=956.925 coal 
Coal used to start fires in pounds 6521 
», While pumpingin pounds 26,598.5 
Total pounds of fuel used ... oe 94,076.425 


Duty. 
5.6952 c. ft. x 373,124 rev. 62, 20625 Ib. x 269.0185 ft. x 100 


34,076.425 lb. coal 
equal 104,357,654 foot-pounds per 100 lb. of coal. The 
details of each day are given in the annexed Table. 


The weir measurement was made for four hours on Au- 





gust 28, and showed the boc aged the e at the 
average speed of the two weeks’ test to be 3,060,000 gal- 
lons in 24 hours. 


The 24 hours’ test was commenced on October 3, at 
9 o’clock a.m., and the details and computation of the duty 
are as follows : 


— of < age oe ss eos ave 74,463 
ve rea of water gauge, in 
bounds Seis te "108.06 
vi ing of dranght indicator, in 
ee a eee ee 
Average of total head against pump, in 
Bee ee 266.4882 
Average temperature of water ... 458° 
Weight of a cubic foot,in pounds .. 62.2882 
i ent of one revolution, in cubic 
feet bin ae aa ase sh 5.6952 
Coal used while pumping, in pounds ... 5272 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Oleveland Iron Market.— Yesterday there was 
a good attendance on ’ at Middlesbrough, and the 
tone of the market was a little better. Makers quoted 
No. 3, 35s. per ton, but the general price was 34s. 6d. per 
ton. It will, however, be found when the Cleveland Iron- 
masters’ Association returns are issued for August, that 
while the total make of pig iron has been rather smaller 
the makers’ stocks have increased about 10,000 tons, an 
makers’ stores have gone up about 2000 tons. This proves 
that the inflated accounts about the improvement in trade 
should be read with due caution. It is no easy matter to 
see where any early improvement can come from, and 
thoughtful people are still very depressed as to the con- 
dition and prospects of the iron trade. 

The Wages Question.—Mr. David Dale, of Darlington, 
the arbitrator in the questions of proposed reductions in the 
North of England anoaiactensl iron trade, has heard the 
evidence, and will in the course of a week give his award. 
He is to decide whether there is to bea 15 per cent. reduc- 
tion in the wages of the higher paid workmen, whether 
there is to be a general reduction of 5 per cent. in the 
wages of the ironworkers in the North of England. 


The Eston Steel Works.—This week the Eston Steel 
Works of Messrs. Bolckow, Vaughan, and Co. have been 
re-started on reduced wages. A fortnight ago the men re- 
ceived notice of a reduction, and were afterwards informed 
that the revision would be equal to 5 per cent., and in some 
cases 10 per cont. The notices terminated on Saturday. 
On Monday the works were opened as usual, but a section 
of the men did not come to work. In the present state of 
the labour market the firm were not inconvenienced, and 


re works mh ao ts their usual active state. To-morrow 
ursday 
Com: intend 


directors of the North-Eastern Railw: 
pany visiting these works, where they will 
witness the rolling of some steel rails which are being made 
for their line. : 
Shipbuilding and Engi 


i u ] gineering.—There is very little 
shipbuilding going on just now on the Tees, and there is 
a re on the Tyne in getting orders. En- 
— are not so actively nanael as they ought to be. 
usiness generally is very quiet. 

The Coal and Coke Trades.— Within the last few days 
there have been more numerous inquiries for fuel, but that 
has been owing to the more cheerful reports of the revival 
in trade. Prices are still low and the production is 


abundant. 


Steel Making in Cleveland. — Not only are Messrs. 
Bolckow, Va , and Co. now engaged in ing steel 
ona large exclusively of Cleveland iron, but they 
expect shortly to add another Bessemer converter to the 


two which are now entirely used on Cleveland iron. At 
Guisbro’ Mr. Sutherst has orders for 4000 steel wheels and 
rollers. 


_ AmERioaAN ANTHRACITE.—Notwithstanding the large 
increase of 4,638,739 tons in the production of ‘anthracite coal 
this = in Pennsylvania, as shown by a statement 





from official sources up to June 30, 1879, there is a 
ecrease of 61,356 tons in the stock on hand at shipping 
points, as compared with the quantity on hand June 29, 
1878. The stock on hand at tide-water shipping P anger 
June 30, 1879, wag 482,167 tons, while June 29, 8, it 
was 493,523 tons, 
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COMPULSORY WORKING OF PATENTS. 

AmonG the countries whose patent laws provide for 
forfeiture of a patent in the event of non-working is 
Belgium, where the owner of a patent must work 
the patented article within one year from its having 
been worked in any other country, and it is also 
provided that the patent shall be liable to annul- 
ment if at any time the patented article worked 
abroad is no longer worked in Belgium during 
a year, unless the owner of the patent should 
show good reason for his inactivity. The 
word used in the law to denote working is 
exploiter, and, as we have stated on a former 
occasion, there has been much controversy as to 
what does in reality constitute compliance with this 
requirement, it having been urged that inasmuch as 
the law does not prohibit the importation into 
Belgium of articles made abroad according to the 
Belgian patent, therefore the importation of such 
articles and their mere sale and use in Belgium 
should suffice to constitute the working; but, as a 
matter of fact, the Government, or, in other words, 
the Minister of the Interior—not the courts—is sole 
judge. Now we propose to show, by reference to a 
recent example, how this provision of the law is 
worked in practice, 

Our readers will be familiar with the inventions 
of Martini and Peabody in breechlosding small 
arms, and will be aware that the British service arm 
is of the Martini type. These several inventions 
formed the subject matters of Belgian patents, which 
had been in due course assigned to the National 
Arms and Ammunition Company of Birmingham. 
In July, 1877, certain manufacturers of Liége 
petitioned for the annulment of these Belgian 
patents, alleging that the owners had not conformed 
to the provisions of Art. 23 of the Belgian Patent 
Law of the 24th of May, 1854. A statement was 
sent into the then Minister of the Interior, proving 
that there was no foundation or reason for annul- 








ment, and this view of the case was accepted by 
that minister, who informed the Liége petitioners 
that their demand could not be acceded to, as the 
owners of the patents in question had not failed in 
their obligations. After the above period the 
owrers did not fail in the due payment of the an- 
nuities, nor yet as regards the working, the patents 
having been worked even more than before, in 
proof of which it may be mentioned, as respects 
the Martini invention, that they granted licenses, 
and continued to receive royalties periodically, 
through a Belgian representative, for the manu- 
facture of Martini rifles and Martini-Zeller carbines, 
the latter being an adaptation of the Martini action 
to the Zeller gun. ‘The Peabody patents were 
also worked, and we are informed the company 
hold an official certificate to this effect. A circular 
issued July 1, 1877, was distributed in Belgium, 
setting out the terms of royalty and offering 
to grant licenses. In order that no grounds for 
renewed agitation should arise the company were 
very careful as to the workings, and did all that 
was deemed necessary in the opinion of their 
Belgian patent agents, whom they from time to 
time consulted on the subject, and so late as in 
August last they were assured by one of these 
gentlemen that no question could arise as to the 
working. Notwithstanding all their efforts in this 
direction, however, a second petition, dated March 
12, 1879, was presented by the Liége gunmakers 
to the present (new) minister, applying for the 
annulment, and alleging that ‘‘ the patents have 
not been worked since the date of the ministerial 
decree, viz., September 26, 1877, by which the 
patentees were maintained in possession of their 
patents.” fk 
The company at once furnished a representative 
in Brussels with the necessary proofs. That gentle- 
man went to Liége, and obtained from a gunmaker 
there a letter, stating that he had manufactured the 
Martini rifles in 1878, also from another gentleman 
an extract from his books, giving the dates and 
numbers of arms (Martini and Martini-Zeller) which 
he had marked or stamped in 1877 and 1878. The 
company’s representative then answered the 
ministerial despatch, giving these documents, and 
offering to furnish the receipts for royalties paid to 
the company through the gentleman appointed to 
receive the same on their behalf, also furnishing 
proof of the Peabody rifle having been manufactured 
and kept onsale in Liége, at the same time enclosing 
a journal, The Meuse, which contained an article 
on the manufacture of arms in Liége, which attri- 
buted the present calm in the trade in military arms 
to the absence of proper machinery for the manu- 
facture at Liége, and not mentioning any other 
cause. Subsequently the company’s representative 
with an avocat had an interview with theminister, who 
received them very courteously, and explained that 
he had taken the opinions of all the leading men in 
his department, and they were generally of opinion 
that the proper interpretation of the law should be 
that Belgian patents should be worked seriously 
so that the national industry of Belgium should 
profit by them, and it was not by charging 
a high royalty that this end could be ob- 
tained, and though the ——*, might charge 
the same royalty to outsiders in England, yet he 
felt sure their own works being so admirably 
organised and their being able themselves to supply 
to all the world without being encumbered with 
such a royalty, would naturally place the Belgian 
manufacturers at a great disadvantage. Had the 
patentees themselves established works in Belgium, 
and manufactured there, the case would have been 
different, but they did not themselves manufacture in 
Belgium, and the large royalty claimed precluded the 
Belgians from doing so. According to the minister’s 
view, patents were taken out for small improve- 
ments, every one of which constituted a monopoly, 
and the Liége people were hampered in their in- 
dustry so that they could not keep their standing, 
and as the patentees did not manufacture, nobody 
could. He did not consider that the few rifles 
manufactured since 1877 at all complied with the 
spirit of the law, which he found it his duty to 
uphold, He was reminded that it had been the 
company’s constant desire to comply with all the 
requirements of the law, and as it had been found 
by his predecessor that their former endeavours 
had been sufficient, they had believed that the arms 
manufactured since that time had fully met the 
case, and that if he judged any modification in the 
interpretation of the law ne , and had notified 
it to them, he would have found them quite ready 


to me 9 any suggestion at once. There was also 
pointed out a recent case where the annulment of 
@ patent had been demanded from lack of working, 
and it had been proved that though the patented 
articles had been largely imported into gium, 
none had been manufactured there, and yet that 
patent was maintained, whereas in the present 
cases he was disposed to annul patents which had 
been worked to a certain extent, under which 
articles had not been imported into Belgium, 
and for which there was no demand, the Govern- 
ment not having adopted the Martini rifle. 
These are the most important points that were 
discussed, and of course far more in detail, the 
foregoing being merely a summary from recollec- 
tion of what occurred, The result of the interview 
was that the minister promised to give the matter 
further consideration, and perhaps to modify his 
decision if he saw his way to doing so, In spite, 
however, of all the company’s efforts to uphold 
the patents, a decree of annulment was signed by 
the king, and promulgated in Le Moniteur Beige, 
dated July 26, 1879. The promulgation was de- 
layed a few days to give the company time to see if 
some compromise could be effected with the Liége 
manufacturers as to the amount of royalty (thereto- 
fore 8 francs), as that was considered high, and was 
said to have a prejudicial effect upon the industry 
of the country, preventing the Belgians from com- 
peting with others. Hereupon, in the hope of saving 
the patents, the company agreed to reduce the 
royalty one-half, although the 8 francs royalty was 
the same as charged to English manufacturers. 
This information was written to the minister on 
July 17, who had previously promised to examine 
the question with dienveillance, but, as stated above, 
the ag gg appeared on July 26. 
The Belgian law respecting the working of 
atents is one of the most nebulous in the world. 
in reading over the debates in the Chambers when 
the law was being discussed, it will be seen that 
some members wished that the meaning of the word 
euploiter should be defined, but it was decided that 
its intention was that the national industry should 
be promoted and favoured, and that the extent of 
the working should be left to the appreciation of 
the minister. It is thus that the courts of law are 
not cognisant of such matters, and the minister has 
supreme power to decide what he considers working 
in each particular case. It may seem strange that 
whilst in one case a patent was maintained, although 
it had not been worked by manufacturing ‘the 
article in Belgium, and notwithstanding that large 
— of the said article were imported into 
elgium from abroad, the Martini and Peabody 
patents were cancelled, notwithstanding that 
arms had been made in Belgium, and the 
tentees were willing to do everything required 
of them; but as possibly throwing some light 
upon the matter, it may be mentioned t 
Turkey has purchased about 500,000 Martini-Henry 
rifles, the defence she was able to maintain in the 
late Russso-Turkish war having been in a | 
measure owing to the excellence of the arm, e 
success she thereby attained has since caused the 
adoption of this arm by Roumania, which has at 
present issued large contracts for it; Portugal has 
also ——— and promised to employ it; and 
Servia it now under consideration. Now the 
recognition of the merit of this arm evidently makes 
the manufacture of it a desirable object of i- 
sition to the Belgian gunmakers, who are taveusnbiy 
equipped for its manufacture, both by their me- 
chanical skill, and still more by the cheapness of 
labour prevalent in that country, The English gun. 
making companies, who all now equally enjoy the 
privilege and special facilities for making this arm, 
are, nevertheless, from various economic causes, in- 
cluding the high value of labour here, at a relative 
disadvantage, and they will be still more so if the 
Belgians are allowed, through the annulment of the 
patents, to manufacture the arm in competition 
without paying anything by way of royalty for so 
doing. The American company who supplied the 
Turks have paid a royalty to the English company 
for the half million arms, little, if any, less than the 
terms offered to the Belgian gunmakers. It has 
lately come to the knowledge of the owners of the 
Belgian patents already alluded to, that a certain 
manufacturer in Liége has made a considerable 
number of guns embodying all the details of the 
present Martini gem, to which he has added certain 
improvements of his own, and some of these have 
been imported into this country and exhibited for 





sale. e cite this to show that there has been no 
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restriction upon the manufacture of the arm in 
Belgium as thus evidenced. It would be difficult 
to find a stronger argument against a 
working than is afforded in the cases of these 
Martini and Peabody Belgian patents, which 
forcibly illustrate the serious injury and injustice 
that may be done in carrying out any law 

lacing so much arbitrary power in the hands of 
individuals. Not only so, but the absolute uncer- 
tainty attaching to patent property, liable to such 
and similar legal provisions, is calculated to deter 
capitalists from embarking money in such property. 
The clauses as to working contained in the Attorney. 
General's last Bill were strongly objected to on this 
account, The cases above cited should suffice to 
satisfy any reasonable person that the objections 
soled were well grounded. 

To further illustrate the objections and diffi- 
culties attending compulsory working clauses, 
it may be well to refer to the practice obtain- 
ing in one or two other countries, from which it 
will be seen how widely different may be the inter- 

retation given to apparently similar laws. The 

anadian law of 1872 provides that every patent shall 
be subject to the contiition that it, and all the rights 
and privileges granted under it, shall cease and 
determine, and the patent shall be null and void at 
the end of two years from its date, unless the 
patentee or his assignee or assignees shall within 
that period have commenced, and shall after such 
commencement continuously carry on in Canada 
the construction or manufacture of the invention or 
discovery patented, insuch manner that any person 
desiring to use it may obtain it, or cause it to be 
made for him, at a reasonable price at some manu- 
factory or establishment for making or constructing 
it in Canada, It also provides that in case disputes 
should arise as to whether the patent has or has not 
become null and void under this provision, such 
disputes shall be settled by the Minister of Agricul- 
ture or his deputy, whose decision shall be final. 
An amended Act, passed in 1875, provides that 
whenever a patentee has been unable to carry on 
the construction or manufacture of his invention 
within the two years, the Commissioner may at any 
time, not more than three months before the expira- 
tion of that period, grant to the patentee a further 
delay, on his adducing proof to the satisfaction of 
the Commissioner, that he was, for reasons beyond 
his coatrol, prevented from complying with the above. 
mentioned condition. Now, in 1876, a dispute arose 
against the existence of three patents granted in 1873 
to one Smith for flour-dressing machinery, for alleged 
forfeiture on the ground, inéer alia, of non-manufac- 
ture within two years from the date of each patent. 
It was proved that none of the respondent’s inven- 
tions were put up in Canada within the time pre- 
scribed, but no proof was given that he had refused 
to furnish them to any one at any time; on the con- 
trary, it was shown in the clearest manner that he 
had not been requested by any one to be supplied 
with them during the time of inactivity. The con- 
clusion of the deputy of the Minister of Agriculture, 
embodied in an elaborate judgment, was that the 
respondent had not forfeited his patents. Yet, if the 
law be literally construed, it is difficult to understand 
how such a decision could be arrived at. Anything 
more distinctly contrary in spirit to the Belgian 
minister's interpretation of the analogous clauses of 
the Be law in the Martini and Pesbody cases 
cannot be conceived, 

The obligation to work existed for a certain 
time in the United States. It was introduced 
by a short Act in 1832; this Act was repealed 
by the Act of 1836, but a provision of the kind 
was maintained in the last-mentioned statute. 
By the fifteenth section the defendant in an action 
for damages was permitted to plead the general 
issue, Atthe end of the enumeration of defects we 
read, ‘‘or that the patentee if an alien at the time 
the patent was ted has failed or neglected for 
the space of eighteen months from the date of the 
patent, to put and continue on sale to the public on 
reasonable terms, the invention or discovery for 
which the patent issued, in either of which cases 
judgment be rendered for the defendant with 
costs.” The provisions of this clause were invoked 
in a case of assigned alien's rights, when it was 
decided that even if the plaintiffs took their 
right with the addition attached to alien patentees, 
yet they had satisfied the statute; they need not 
prove that they hawked the patented improvement 
to obtain a market for it, or that they endeavoured 


to sell it to but that it rested upon those 
who sought to defeat the patent to prove that the 





plaintiffs neglected or refused to sell the patented 
invention for reasonable prices when application 
was made to them to pure The present law 
of the United States does not contain any provision 
for compulsory working. 

The French law provides for depriving of all rights 
the patentee who shall not have worked his invention 
in France within two years from the date of signature 
of the patent, or who shall suspend his operations for 
two consecutive years, unless he show cause for such 
inactivity, Whether or no the owner of a French 
patent has failed to comply with the law is a ques- 
tion which the courts are left to decide. It has been 
said by a leading authority that the tribunals will 
appreciate according to circumstances whether the 
invention has been worked or not; whether or not 
the working has been interrupted; whether the 
reasons of non-working are sufficiently justified, 
Another high authority has said, the spirit of the 
law is indubitable; it intends to punish only 
voluntary, premeditated, and calculated inactivity. 
Again, this same authority has said: ‘‘ The voidance 
of paragraph 2 of Article 32 touches only voluntary 
inactivity. The law wishes to punish for inaction, 
only the one who has willingly remained idle. 
would have been really too unjust to extend the penalty 
to the one who has abstained on account of cir- 
cumstances independent of his will.” Under the 
French law it has been held that where an inven- 
tion could not be put in use by the general public, 
but only by a restricted number of manufacturers 
(un nombre trés restreint d’industries) it was evident 
the resistance of these manufacturers to the employ- 
ment of the invention during two years could not 
have the effect of bringing about for their advantage 
the annulment of the patent. 

In Austria patents are granted for one, two, or 
more years, with option of prolongation up to fifteen 

ears, but the authorities will not grant the pro- 
ongation unless satisfied the invention has been 
duly worked. This working must be in the shape 
of actual manufacture within the empire, and it 
must be shown to have commenced within one year 
at latest from the issue of the patent. Ifa patent 
be not duly worked, and proof of the working 
furnished, the annulment forthwith takes place, It 
is left to so-called experts to decide whether the 
law has been complied with or not. What one will 
consider sufficient will fail to satisfy another. In 
practice the whole business is frequently nothing 
short of a farce, Yeta patentee who fails to satisfy 
the experts, however crotchety, may lose a valuable 

tent ; and this notwithstanding that he may have 


een all along not only willing but most anxious to} Y 


grant licenses or sell the patent, or to make the 
patented article on receipt of an order. 

What we have said shows how uncertain patent 
property becomes under compulsory working clauses 
which leave discretionary powers to the authorities. 
Yet no compulsory working clauses would be 
practicable which should draw a hard and fast line, 
applicable to all cases alike, inasmuch as the different 
cases to be dealt with under any such provision 
must vary greatly, so that every one must stand on 
its own merits, viewed in the light of facts confronted 
with the spirit of the law. Hence there must be in- 
herent in any sort of compulsory provision the serious 
evil above indicated, that under it the utmost 
uncertainty will attach to patent property. This 
uncertainty constitutes a formidable bar to indus- 
trial progress. The Americans displayed sound 
common sense in excluding anything of the sort 
from their new law. The German law of 1877 
contains stumbling-blocks to patentees somewhat 
resembling those in recent English Bills. According 
to Article 11 of the German law a patent can be 
revoked after the expiration of three years, (1) if the 
patentee fails to carry out his invention in Germany 
to a suitable extent, or fails to do everything that 
is necessary to insure its being carried out; (2) if 
the grant of license to others for using the inven- 
tion appears to be demanded in the interest of the 

ublic welfare, but the patentee nevertheless re- 
uses to grant such license upon an adequate com- 
ogee and against sufficient security. It would 
e difficult to conceive anything more elastic. The 
annulment and revocation of patents is vested in 
the Patent Office, but a recent attempt to obtain 
from that office an interpretation of the article in 


question, was met by a brief reply to the effect | gra 


that the annulling of 


— would be a judicial 
of the Patent O 


ce business, and that such 


judicial decisions could be given only in —— 
cases, the office being unable to bind itself by an 
interpretation of the law. In other words, the 





law on the subject would have to be extracted 
from the decisions that might happen to be given 
in special cases, from the motives of the law, and 
from treatises on the subject. In short, it would 
appear that few German patents more than three 
years old will, as the law stands, be absolutely 
secure. Inventors will probably not be slow to 
adopt this view also in regard to Belgian patents 
more than one year old. 

The conclusion to be drawn from all past expe- 
rience is that, in practice, compulsory working 
clauses fail to achieve the object aimed at, since, 
so far from promoting industrial and commercial 
activity, they have a precisely contrary effect, by 
reason of their seriously hampering patent property, 
and opening the door to injustice. 








THE STEAM ENGINE MAKERS. 

Tue Steam Engine Makers’ Society is quite dis- 
tinct from the Amalgamated Society of Engineers, 
although to a very great extent it embraces within 
its pale precisely the same class of workmen, com- 
prising fitters and erectors, turners, pattern-makers, 
smiths, and miliwrights. The scale of entrance fees 
is similar to that of the engineers, ranging from 15s. 
for those not exceeding 25 years of age, to 3/. for 
those not exceeding 40 years of age. The contri- 
butions are 9d. per week, with extras by levies for 
the accident, contingent, and benevolent funds. 
The benefits are: 10s. per week in case of sickness ; 
funeral benefit, at member’s death, 10/., on death 
of wife 5/.; when out of employment, 10s. per 
week, and if travelling in oneeh of work, 6d. per 
night extra to pay for bed; accident allowance, 
100/. ; superannuation from 5s, to 9s. per week, ac- 
cording to the term of membership; and strike pay, 
15s. per week. 

The fifty-fourth annual report, 1878, is a lengthy 
one, consisting of 272 pages; in addition to whic 
there are 20 pages of introductory matter, sum- 
maries, and tables. At the end of last year the 
society had 85 branches scattered over various parts 
of the country, the number of members in each 
varying according to the locality ; it is strongest in 
the northern and midland towns. The 85 branch 
reports occupy 241 pages, the name of every mem- 
ber being given in full, and also the names of those 
receiving benefit, the kind of relief given, the 
amount in each case, the number of weeks and days 
they have been on the several funds, together with 
a summary of the whole income and expenditure of 
each branch in the form of a balance-sheet for the 
ear. 

The number of members in union at the end of 
last year was 4247, being an increase during the 
year of 123, after allowing for deaths and exclusions. 
In 1877 the net gain was 186. The numberof new 
members admitted in 1878 was 351, those excluded 
185. The average of new members initiated during 
the last four years has been 341 annually, but in con- 
sequence of the loss by removals, deaths, and exclu- 
sions the net increase for the same period is only 
376. The report regards the progress thus made as 
being a matter for congratulation under the circum- 
stances, at the same time it complains that in twelve 
branches, and those, too, situated in districts where 
large numbers of the trade are employed, not a single 
new member has been added during the year. The 
members in these localities are exhorted to be more 
active and energetic in the future. 

The total income of the society from every source 
in 1878 was 8994/. 0s. 3d. This amount was con- 
tributed as follows: Contributions, 7589/. 19s. 4d. ; 
initiations (entrance fees), 190/. 12s. 4d.; fines, 
40/. 7s. O}d.; accident levies, 401/. 16s. 10d.; con- 
tingent fund levies, 182/, 19s, 5d.; benevolent fund 
levies, 94/.38. 1d; by sale of reports, rules, lists, 
contribution cards, and emblems, 115/. 10s. 8}4.; 
bank interest, 338/. 18s. 1ld.; moneys returned, 
and miscellaneous, 40/. 2s, 7d. 

The expenditure for the year was 11,519/. 16s. 
10}d., being 2525/. 16s. 7d. in excess of income. 
The chief payments for benevolent purposes were 
made under the following heads: Donation to un- 
es 5242/. 6s. 7d.; travelling relief, 331/. 4s. 
1d; sick benefit, 2121/. 13s.; medieal examina- 
tions, 37/7. Os. 6d.; superannuation allowance, 
769/. 16s. 10d.; accident benefit, 500. ; benevolent 
nts to distressed members, 129/. 16s. 11d.; 
funerals, 597/.3s. 4d.; making atotal of 9729/. 1s. 3d., 
or 735/, 1s. more than the entire income. Con- 
tingent benefit, which seems to be another name for 





strike pay, cost the society 221/, 88. In 1877 the 
amount Similarly paid was 159/, 10s. 6d., or a to 
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in two years of 360/, 18s.6d. In addition to the fore- 
going 49/. 16s. 7d. was granted to other trades and 
unemployed members. 

The remaining portion of the expenditure is thus 
accounted for : 


£ ss, d. 
Rent of club rooms and general 
office, including fuel and gas 173 16 0 
Salaries : 
Eighty-five branch secretaries, 
and general secretary és 407 17 1 
Eighty-five branch treasurers 9 18 7 
Eighty-five branch sick 
stew: ove ‘és ids 68 11 0 
Eighty-five branch and other 
branch officers ne eco 119 1 8 
Eighty-five branch auditors, 
and trustees’ banking ex- 
MSeS ... ‘he 49 Sin 61 19 5 
Printing and stationery, including 
annual and monthly reports, 
emblems, &c. od ‘aa oe 266 9 3 
Postage, parcels, telegrams, money 
orders, deficiency in currency, 
&e. ... ae ber Ag Bas 107 3 5 
Council and committee meetings, 
delegations, and loss of time 217 15 0 
Total amount so expended... 1519 11 0 


Of this sum 115/. 10s. 8d. must be deducted and 
placed to income account, inasmuch as the sale of 
reports, &c., realised that sum, which leaves 
1404/. Os. 4d. as the total cost of management, or 
about 14 percent. 

The balance in hand at the end of the year was 
13,9387. 10s. 4d.; in 1877 it was 16,464/. 7s., being 
a decrease in the year of 2525/.16s. 8d. The amount 
owing as arrears was 615/. 16s. 5d., making the total 
worth of the society, at the date of the report, 
14,554/. 68. 9d. 

The income and expenditure of the executive 
council, although included in the general accounts, 
are separately given; the former amounted to 
8097. 17s. 8d., the latter to 820/. 6s. Among the 
disbursements are: General secretary’s salary and 
office assistance, 148/. 4s.; rent of office and resi- 
dence of secretary, coal, gas, rates, &c., 56/. 19s. 5d. ; 
council meetings, revision of the laws, deputations, 
auditing the council’s accounts, &c., 86/, 0s. 7d.; 
and superannuation of the late secretary disabled 
through age and infirmity, 104/. The balance was 
for printing, grants from the benevolent fund, and 
miscellaneous items, all of which are embraced in the 
general accounts previously given. 

The tables are only made up for 124 years, dating 
from 1867. The total income for that period was 
95,8097. 14s. 5s., the expenditure 89,292/. 0s. 3d. 
The disbursements during the same time have been 
as follows: Out of work benefit, 26,2387. 19s. 5d.; 
travelling relief, 2078/7. 18s. 6d; sick benefit, 
20,636/. 16s, 3d.; accident benefit, 3300/.; super- 
annuation, 6204/. lls. 4d.; funeral allowance, 
6808/. 10s. 10d., making a total of 65,267/. 16s. 4d. 
The cost of strikes is not given, but that it has not 
been large is proven by the fact that the whole of 
the balance of expenditure only amounted to 
15,8367. 10s. 6d., including benevolent grants, 
salaries, printing, and stationery, postage, grants 
to other trades, rents of offices and club rooms, 
strikes, and all incidental expenses for 12} years. 

The average number receiving out of work 
benefit throughout the year was about 234, the 
number on the sick list during the year was 916, 
the number of deaths was 76, and of accidents 5. 
Consumption again was the fatal enemy as in all the 
other iron trades. 

Some half a dozen pages of the report are devoted 
to a discussion of the two most prominent topics of the 
day, depression in trade and foreign competition, but 
the matter, for the most part, is too general to be 
quoted. Briefly put, the conclusions drawn may be 
summed up in two phrases, over-production and 
over-speculation, The report says: ‘ Striking in- 
stances of over-production can be pointed to in the 
coal, iron, or cotton trade, which may be termed the 
staple trades of this country.” Asevidence of over- 
speculation the active promotion of public companies 
during the few years following 1871 is referred to, 
and the enormous prices paid as purchase money, 
and otherwise, are alleged tohave been the truecauses 
of the present slackness in trade. ‘+ Only a legitimate 
and honest system of trading will secure us a return 
to prosperity,” says the report. With reference to 
the question of foreign competition the following 
remarks occur: ‘Our own trade being competed 
with we do not hear of, only on rare occasions is it 





uttered, but so far as we can see, hear, read, or learn 
the nearest approach to competition in engines or 





machinery is from the American people, for France 
makes little of that class, and Germany if she does 
must be subsidised, whilst Belgium is more in the 
manufacturing of iron itself.” Speaking of the 
alleged importation of cotton goods from America 
thereport says, ‘‘ The bubble burst when it was found 
to be the old statement. Ready cash was wanted, 
and knowing the British failings, they imported here 
a limited quantity, but the experiment was not re- 
eated.” 
, The report as a whole is interesting and valuable, 
furnishing as it does an insight into the inner work- 
ings of trades societies, It is more full of minute 
details than the others examined, but the numerous 
particulars are-chiefly interesting to the members 
themselves. So exact and precise is the information 
given that every member of the union can be his 
own auditor. 
The following summary of the four great societies 
in the iron trades may be found useful, Number 
of branches, 768; number of members, 80,859; 
income, 217,032/. 19s. 1ld.; expenditure, 272,545/. 
18s, 6d.; cash balance, 331,066/. 19s. 3d.; arrears 
due, 21,270/. 6s. 6d.; total worth, 354,797/. 5s. 10d. 
Payments made during the year: Out of work, 
141,001/. 9s, 10d. ; benevolent grants, 5390/. 3s. 6d.; 
sick benefit, 56,4017. 5s.11d; accidents, 5419/. 14s.; 
funerals, 14,560/. 3s. 3d.; superannuation, 21,453/. 
15s. 1d.; grants to other trades, 820/. 6s. 7d. ; total 
for benevolent purposes in one year, 225,046/. 18s. 
2d.; total for strikes, 10,147/. 0s. 6d., quite one- 
half of which was left as a legacy from 1877 arising 
out of the strike and lock-out on the Clyde. 





THE BRITISH ASSOCIATION. 

In our notice of last week we dealt chiefly with 
the proceedings of the sections of Thursday the 21st 
instant, we now continue our notice of the meeting 
on the next and following days. 

The business in Section A commenced on Friday. 
by Professor W. G. Adams, F.R.S., reading the 
Report of the Committee for procuring Reports on 
the Progress of Mathematics and Physics. This 
was merely a formal report, Professor Adams stating 
that, in consequence of the serious illness of Pro- 
fessor G. Carey Foster, F.R.S., the committee had 
been able to hold only one meeting during the 
year. The report contained two communications to 
the Committee, the one from Professor Clerk- 
Maxwell, F.R.S., and the other from Professor 
Stokes, F.R.S., giving their opinions on the questions 
with which the Committee has to deal, and the 
report concluded with the announcement that Pro- 
fessor Stokes had promised to draw up the plan of 
a Report upon Physical Optics, especially in refe- 
rence to the Theories of Reflection, of Dispersion, 
and of Fluorescence and Phosphorescence. The 
Committee had also to announce that Professor 
Balfour Stewart had undertaken, in conjunctiou 
with J. Allan Broun, to draw up a Report upon 
Terrestrial Magnetism. 


UNDERGROUND TEMPERATURE, 

Professor J. D. Everett, F.R.S,, next read the 
twelfth Report of the Committee on Underground 
Temperature, which was appointed to investi- 
gate the laws regulating the temperature of the 
earth at various depths below its surface, and to 
find out what is called the “‘ temperature gradient” 
for various localities, which is the rate of increase 
of underground temperature as the depth is in- 
creased. Various methods of taking underground 
temperatures are recorded in the report, one of 
which is the lowering of maximum thermometers 
into deep bore holes filled with water. Another 
mode is to take observations in mines and collieries 
of the readings of very slow-acting thermometers. 
These instruments are constructed with bulbs of 
very thick glass so as to be very slow in absorbing 
heat from surrounding objects, and as slow in part- 
ing with it. The object of the thickening of the bulbs 
is to avoid the reading of the instrument altering to 
any noticeable extent while it is being drawn to the 
surface. Sometimes, instead of thick bulbs being 
employed, ordinary thermometers are used having 
their bulbs covered with a thick mass of tallow or 
other substance having a low conducting power for 
heat. The report goes on to refer to the experiments 
of Dr. Stapff, made in the St. Gothard Tunnel, in 
which a mean temperature gradient for the whole 
length of the tunnel (about nine miles), was found 
to be 1 deg. Fahr. for every 88ft., but Dr. Stapff 
found that where the surface of the upper ground is 
a steep ridge the temperature gradient is less rapid 


thesis that the earth was at one time very much 
hotter than it is now, and that it is undergoing a 
pom of cooling down, iments had also 

een made for the Committee by Mr. G. F, Deacon, 
the engineer to the borough of Liverpool, in a well- 
boring 24in. in diameter, being made in connexion 
with the Liverpool Water Works at Bootle, and 
the temperature at a depth of 1302 ft, was found 
to be 59 deg. Fahr.—which is moderate compared 
with the temperature at the same depth in other 
localities. Another series of ‘ experiments had 
been conducted by Mr. E, Wethered, of Weston, 
near Bath, in a colliery in that neighbourhood, 
and in which the following temperatures were 
ascertained : 


Depth Temperature Fahr. 
at surface ooo os 48.7 deg. 
402 ft. vee ove eve 54.7 5, 
1232 ,, ° se 66.7 ,, 
1367 ,, it 68.15 ,, 
1439 ,, on esp ae eee 3 
1769 7 


.” Ses see ove see 4.7 55 
which figures give a temperature gradient of 1 deg. 
Fahr. for every 68 ft. Mr. G. J. Symons, taking 
temperatures in a well at Kentish Town, had ex- 

erienced a difficulty in consequence of the stretch- 
ing of the wires by which the thermometers were 
suspended, the effect of which was to lower the 
instruments at the rate of from 2 ft. to 14 ft. per 
month, thereby causing them to descend into warmer 
strata; but, as the temperature ient for that 
locality is known, the correct ings were com- 
puted without difficulty. Experiments in connexion 
with this subject had also been made at a depth of 
4500 ft. in the Comstock Lode Mine, in Nevada. 
At the conclusion of the reading of the report, Mr. 
G. Johnstone Stoney, who presided on the section, 
announced that the underground temperature Com- 
mittee had been reappointed. 

ATMOSPHERIC ELECTRICITY, 

Dr, Michael Grabham next read a report of his 
experiments made in the island of Maderia for the 
Committee on Atmospheric Electricity, in which it 
appeared that in certain atmospheric conditions, and 
especially during the prevalence of certain winds, 
there was no atmospheric electricity that could be 
detected by the instruments which he employed, 
while he had found at other times that such electri- 
city was at its maximum from 11.30 A.M. to 2.30 P.M, 

Mr. McAlister, in proposing a vote of thanks to 
Dr. Grabham, stated that he had, from cases coming 
under his notice in St, Bartholomew’s Hospital, 
observed a connexion between the prevalence of 
asthma and the frequency of positive atmospheric 
electricity, and he thought that a consideration of 
this aspect of the case might be of great importance 
with respect to the sending of asthmatic patients to 
Madeira. Professor Atkinson in seconding the vote 
of thanks referred to the report as a very valuable 
communication, and expressed the hope that it would 
be printed in extenso in the annual report. 

TELEPHONIC PHENOMENA, 

The next communication was one by Dr, Silvanus 
P. Thompson, “On the Retardation of Phase of 
Vibrations transmitted by the Telephone,” In this 
paper, a full abstract of which we published last 
week,* the author commenced by a reference to 
the theoretical prediction of Dubois-Raymond and 
the more recent experimental demonstration by 
Koenig, that when two Bell telephones are con- 
nected together, the one as a transmitting instru- 
ment and the other as a receiver, the vibrations of 
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the latter take place a certain time after those of 
the former, which time is equal to that occupied by 
& quarter of a complete vibration, a retardation 
equal to that amount taking place in the ultimate 
transmission. In order to demonstrate this fact the 
author devised the following experiment. The 
magnets and coils of two telephones A A, Fig. 1, 








than that, which is quite consistent with the hypo- 





* See ENGINEERING, page 169 ante. 
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are suspended by their connecting wires, 80 as to 
constitute simple ulums vibrating seconds in 
planes perpendicular to one another, and below 
each is placed a small ars gs shown at A and A. 
The two coils are connected together as shown in 
the figure and are accurately adjusted to the same 
period of vibration, Upon se one telephone 
swinging above its magnet, the other being at rest, 
a series of induced currents is set up in the circuit 
of the two telephones and the other is set swinging 
by the accumulated efforts of the impulses produced 
by the pulsatory currents within its coil being reacted 
upon by the magnetic field of the magnet below it. 

hen both instruments were thus swinging it was 
found that the second pendulum was invariably one 
quarter of a vibration behind that by which its 
currents were in the first instance induced, Dr. 
Thompson found that in those telephones which 
js for their action upon variations produced in 
the resistance of the circuit, as in the carbon tele- 
phone of Mr, Edison, no such retardation of phase 
occurs, but if induced currents are used, that is to 
say, if the transmitting instrument is in the primary 
circuit of an induction coil and the receiver is in 
the secondary circuit, a retardation of one quarter 
of a vibration ensues, and a further retardation of one 
quarter of a vibration takes place for every successive 
induction. It was, however, stated in the paper that 
in Edison's electro-chemical telephone the velocity 
of the diaphragm and not its amplitude of vibration is 
proportional to the strength of the current, so that 
vibrations already retarded one quarter, as they 
would be through transmission by the carbon trans- 
mitter and its induction coil, are restored to their 
primitive phase. From this it might be expected 
that consonant sounds would be more clearly 
rendered by such an instrument as Edison's electro- 
chemical receiver than by Bell’s and other allied 
instruments, and Dr. Thompson stated that on the 
occasion on which he heard Edison’s instrument 
he was struck with the clearness with which the 
consonant sounds were reproduced, 

The Rev. Samuel Earnshaw, one of the vice- 
presidents, asked if the action of the electro- 
chemical telephone might not be attributed to a re- 
pulsive force acting between the cylinder and the 
strip by which the latter is lifted, thereby reducing 
the friction between them. Mr. Conrad W. Cooke 
having been called upon by Dr. Thompson to answer 
the question, said that he did not think any such 
lifting could take place under the influence of such 
feeble variations in the strength of the current as 
were produced by the carbon transmitter, for the 
metallic strip attached to the diaphragm is in the 
chemical receiver pressed down upon the surface of 
the chalk cylinder with very great pressure by a stiff 
spring acted on by ascrew. He had not measured 
what that pressure was, but it must have been up- 
wards of a pound at least upon an area not greater 
than } in, square; the effect was, when the chalk 
cylinder was too moist, to wear it down into a groove, 
but it had been stated by the late Mr. Adams that 
Mr. Edison in some of his experiments had found 
that the diameter of the cylinder had a tendency 
rather to increase underneath the metal strip than 
to diminish, in consequence of a deposit of platinum 
being formed around,it. Mr. Cooke stated that from 
his experience he had found that the best results 
were obtained when the strip was screwed down 
upon the cylinder as hard as it would go. 


Tue PsSEUDOPHONE. 


The next paper read wasalso by Dr.S, P. Thomp- 
son, and was a description of a new instrument de- 
vised by the author, and to which he has given the 
name ‘* pseudophone,” which is an instrument for 
producing accoustical illusions, and for investigating 
some of the phenomena connected with binaural 
audition—a subject with which, it will be re- 
membered, the author has considerably identified 
himself, By this instrument the acoustic percep- 
tion of space is illustrated by the illusions which 
are produced by it, and it may be looked upon as 
bearing an analogous relation to the sense of hear- 
ing that the pseudoscope of Wheatstone has to 
the sense of sight. e@ pseudophone, which is 
illustrated in Fig. 2, is an exceedingly simple piece 
of apparatus consisting, as will be seen, of two 
ear-pieces A and A made of tin-plate, and which 
are held in their places, one to each ear by the two 
adjustable tin straps A and A, one passing over and 
the other behind the head. Outside each of these 
earepieces and attached by a hinge to a revolving 
collar is a small reflector of tin, which 


can not only be set to any angle with respect tojthe 





axis of the ear-piece, but, by means of the revolving 
collar, can be turned around that axis so as to 
reflect sounds into the ear whether in front of or be- 
hind the head, and by means of these two motions 





Fig. 2, 
each reflector can be set so as to be directed towards 


When this simple instrument 
is attached to the head, some very interesting and 
amusing effects may be produced by it, for with 
certain positions of the reflectors the mind is nearly 
always deceived as to the whereabouts of a source 
of sound, as all sounds reflected by the reflectors 
enter the ear at nearly the same angle, and as the 
reflectors may be directed to any position, and act 
both as screens and reflectors, the ear is not only 
deprived of the usual conditions by which it is 
enabled to judge of the direction of a sound, but 
the new conditions substituted for them are especi- 
ally liable to deceive. 

Dr. Thompson’s paper was followed by a short 
discussion. he Rev. S. Earnshaw asking if the 
direction of a sound was not estimated by the dif- 
ference of hearing to the two ears, the one being 
nearer or more directly presented to the source of 
sound than the other, Mr. C. W. Merrifield, F.R.S., 
did not think that the hearing of a sound simul- 
taneously by the two ears was necessary to the 
appreciation of its direction, and he instanced, in 
support of his view, the case of a lady with whom 
he was acquainted, who, although quite deaf with 
one ear, is nevertheless perfectly able to estimate 
the direction of a sound. 

The next communication was by Mr, G, F. Fitz- 
gerald, ‘‘On the Tension of Vapours near Curved 
Surfaces of their Liquids,” which was followed by 
two pom of Mr. Johnstone Stoney, the first ‘* On 
the Interpretation of Crookes’s Measures with the 
Radiometer,”’ and the second ‘‘ On Expansions for 
Polarisation-Stress and Conduction of Heat in 
Gases.” These papers, though valuable contributions 
to abstract mathematical physics, are hardly of 
sufficient interest to the readers of this journal to 
justify us in doing more than referring to them. 


LIGHTNING PROTECTORS FOR TELEGRAPHIC 
APPARATUS. 

One of the secretaries, in the absence of the author, 
next read a paper contributed by Mr. W. H. Preece, 
C.E., on the above subject, which we intend to 
publish in ertenso next week. In this paper the 
author described a series of experiments, 
made by himself with the great chloride of 
silver battery of Mr. Warren de la Rue, 
upon two well-known forms of lightning 
protector, the first, that devised by Wheat- 
stone, consisting of two thick plates of brass 


any point in space. 





ments which are tabulated in the paper made with 
Mr. De la Rue’s battery of 11,000 , Showed that 
with a current from 1000 to 1200 cells the two forms 
of protector were equally efficient; with 1500 cells 
on the circuit there was a slight superiority in 
the Wheatstone instrument, and that with more 
powerful currents the discharge between the plates 
was more marked with the plain than with the 
grooved discharge. Mr. Preece concludes from these 
experiments that grooving is not only of no use, but 
that it rather deteriorates the value of the protector. 


Tue ActTION OF MAGNETs on Liquip JETS. 

The next communication (which was also read by 
the secretary in the absence, in another section, of 
the author) was a paper by Dr. Silvanus Thomp- 
son on the “‘ Action of Magnets on Liquid Jets.” 
In this paper an abstract of which we published 
last week,* the author places on record some experi- 
ments recently made by him with the object of 
inquiring into the action produced by magnets upon 
liquid conductors traversed by electric currents, 
These experiments show that such streams obey 
the same laws as cause deflections in other flexible 
and movable conductors when ing through a mag- 
netic field. Thus, it is stated in the paper, a liquid 
vein carrying a current between the poles of a hori- 
zontal electro-magnet no longer falls perpendicularly, 
but is deflected aside into a curve, and a stream of 
liquid carrying an electric current falling upon the 
end of a vertical magnet becomes twisted, the direc- 
tion of the twist being dependent upon the direction 
of the current and the polarity of the end of the 
magnet presented to it. 

The next paper was one by Dr. Oliver J. Lodge, 
‘*On a Hypothesis concerning the Ether in con- 
nexion with Maxwell’s Theory of Electricity,” 
a@ communication which was very speculative, and 
hardly suitable for the columns of this journal ; it 
was followed by a short discussion, in which Mr. 
Fitzgerald, Professor Forbes, and Mr. C. W. Merri- 
field took part. 


Dynamo-ELEcTRIC MACHINES, 

A short paper was next read by Mr. Ladd upon 
‘‘ Improvements in Dynamo-Electric Machines,”’ in 
which the later modifications of the Weston ma- 
chine—to which we intend to refer on an early oc- 
casion—were described. In answer to a question 
put by Professor Forbes, Mr. Ladd said that the 
thickness of the wire with which the armature is 
wound depends upon the sort of work for which 
the machine is designed. 


A New ELECTROMETER Key, 

Dr. Lodge next read a communication descrip- 
tive of his new key for electrometer work to which 
we have referred on a former occasion,t and the 
object of which is to supply a very conspicuous want 
among instruments for electrical research, namely, 
a commutating key for electrometers in which the 
insulation is so perfect that differences of high 
potentials may be tested without the very serious 
leakage which takes place in ordinary reversing 
keys, and without the errors introduced into measure- 
ments by reason of the great mass of their con- 
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separated from one another by a piece of 
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paraffined paper, or by thin ebonite washers, 
one of these plates being placed in connexion 
with the line wire of a telegraphic circuit and 
the other with the earth, A lightning dis- 
charge entering the wire bursts across the 
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paper or air space, separating the two plates. 
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in preference to traversing the longer path 
through the coils of the instruments, and thus 
escapes to earth without doing any injury. The 
other instrument experimented upon was that known 
as the Siemens protector, and differs from Wheat- 
stone’s in the fact that the two plates are cut on 
their opposing faces into a number of fine longi- 
tudinal Y.grooves having V-shaped ridges between 
them, and the two plates are placed face to face with 
a film of paper between. ‘The grooves on the one 
plate are perpendicular to those on the other, so 
as to offer to the electricity as many points of dis- 
charge as there are intersections of the ridges, that 
is to say, the number of the discharging points is 
equal to the number of ridges in the one plate multi- 
plied by that in the other, and not ‘an infinite 
number,” as by some oversight was stated in the 
paper. The results of a large number of experi- 





ducting parts. In Dr. Lodge’s instrument, which 
will be understood by reference to Figs. 3 and 4 
(which are diagrams of the internal arrangements 
seen from the front and side po ere Le the 
contact-pieces are simply four straight platinum 
wires a, 6, C, and D, arranged in pairs at right 
angles to one another and supported and sus- 
— by fine silk threads stretched vertically 
etween a set of winding pins above, shown at m, m, 
n, and x, and stretching springs below marked S', S*, 
and S*. The middle pair of wires a and 4 are sup- 
ported partly by the stretched silk thread » S* and 
partly by an endless silk cord which passes over 
two pulleys P and P', of which the upper can be 


* See ENGINEERING, 169 ante. 
+ See ENGINEERING, vol. xxvii., page 525. 











Sept. 5, 1879.] 


ENGINEERING. 





195 





MULTIPLE DRILLING MACHINE FOR RAILS. 
CONSTRUCTED BY MESSRS. ANTON FETU, AND DELIEGE, ENGINEERS, LIEGE. 
(For Description, see Page 197.) 
















































































































































































rotated through a certain angle by the lever handle 
H, and the lower by being attached to a tension 
spring S keeps the vertical threads between the 
pulleys taut. Each of the wires is provided with a 
terminal screw by which it can be connected with 
other apparatus, and, from the construction of the in- 
strument, it will be seen that by moving the handle 
H to the point p the wire a is brought into contact 
with the wire D, and the wire 4 is connected with C. 
Again on moving the lever to the point gq, 3 is 
brought against D and a into contact with C, so that 
a perfect reversing instrument is obtained with con- 
ductors of very small capacity, and having insulation 
as perfect as materials can afford. At the back of 
the little actuating lever is a little pin which springs 
into one of the three holes p, g, or ff; when at p the 
contacts are the reverse of those when the lever is at 
q, and when at the intermediate position H, as shown 
in the figure, the contact-pieces are insulated from 
one another. It is only necessary to add that the 
instrument is enclosed in a metal case, which by 
being connected to earth acts as a very efficient 
shield against the effects of electrostatic induction 
as regards external objects. 

At the conclusion of the paper Mr. John Perry, 
referring to experiments he had conducted in Japan, 
said that he had constructed with considerable diffi- 
culty a key for electrometer work in which leakage 
was provided against; he thought that Dr. Lodge 
had made a most valuable addition to the instru- 
ments of physical research, and he could say for 
his own part that had he had one of Dr. Lodge’s 
instruments, he could have saved himself at least six 
—— , 

e thanks of the meeting were then given to 
Dr. Lodge for his coununieation, which , oe 
the Friday's business in Section A to a conclusion, 
and the section was adjourned until the next day. 


saditaes . age ooeye STEEL. 

n Section B, the same day, a r was read b 
Mr. Henry S. Bell ‘‘ On the Slenvinsiens of Crucible 
Steel,” an abstract of which we shall publish in 
an early number. Mr, Bell began his paper by 











stating that the manufacture of crucible steel is 
one of the most important industries of the 
town of Sheffield and its neighbourhood, and that 
while the Bessemer and Siemens processes supply 
by far the larger bulk of the steel used for con- 
structive purposes, crucible steel stands unrivalled for 
the manufacture of edge tools and of the finer kinds 
of cutlery. In the manufacture of crucible steel the 
superior kinds of Swedish iron are employed, being 
imported in bars, which have been smelted in 
charcoal furnaces, and afterwards puddled. ‘The 
bars so imported are ked in air-tight chambers 
in layers alternating with charcoal, and subjected in 
what is called the converting furnace to a high tem- 

erature for about three weeks. By this time the 
— have become converted into blister steel, their 
surface being covered with protuberances es 
blisters ; they are then taken out, cut up into s 
lengths, melted in crucibles, and cast into ingots, 
which are hammered, rolled or drawn according 
to what form the steel is required to take. 


SEPARATION OF PHOSPHORUS FROM STEEL. 

The next paper was one by Mr. Thomas Blair 
‘On the Separation of Iron and Phosphorus, 
especially with Reference to the Manufacture of 
Steel.” In this paper the author described the 
various methods employed for the elimination of 
phosphorus from pig iron, giving with considerable 
detail accounts of the Thomas and Gilchrist pro- 
cess, and that of Mr. Isaac Lowthian Bell. These pro- 
cesses have already been described in ENGINZERING. 
In speaking of the former, Mr. Blair said he con- 
sidered it in a fair way to prove a great commercial 
success, At the conclusion of the reading of the 
1% a discussion followed in which Professor Abel, 
C.B., F.R.S., Professor Williamson, F.R.S., Mr, 
Allen, and Mr. Isaac Lowthian Bell, M.P., F.R.S., 
took part. 

A New METALLURGICAL PROCESS. 

Mr. John Hollway then read a paper on a new 
process in metallurgy which we shall publish next 
week, In this paper the author described how advan- 
tage can be taken of the very rapid and violent oxida. 








tion which takes ae when atmospheric air isbrought 
into intimate and rapid contact with certain pyritous 
substances when in a molten state, the action being 
so violent that incandescence and fusion are kept 
up as long as the process is continued and until 
the oxidation is complete, Thus by introducing 
air under pressure through apertures in the bottom 
of a hearth covered with molten copper pyrites 
the more oxidisable substances are consumed 
by the violent oxidising action, flame and in- 
candescence are produced, and the substance is de- 
composed with great rapidity. This process may 
be applied to many other metallic sulphides. 

THE EvpHRATES VALLEY RAILWAY, 

The most Pi mad Section this day was Section E, 
devoted to eography, for it was announced that 
the three popular ‘‘ lions” of the meeting would each 
read a paper, Major Serpa Pinto “On the Basin of 
the Upper Zambesi,” the Comte de Brazza ‘‘ On 
the Basin of ‘the Ogowé,” and Captain Cameron 
‘On the Euphrates Valley Railway.” The space 
at our disposal will not permit us to do more than 
refer to the two former communications, 

Captain Cameron commenced his paper by allud- 
ing to the great importance to this country of the 
question of railway communication with India, and 
pointed out that, although there were no less than 
ten different schemes for carrying out that much 
desired object, there was but one which was deserv- 
ing of attention, and that was the route by the 
Valley of the Euphrates. Commencing with the 
Mediterranean terminus at Tripoli, the author stated 
that it was abundantly supplied with good water, 
had an excellent and well-sheltered anchorage for 
ships, and was a town remarkable for its healthi- 
ness, and the centre of a trade, consisting chiefly of 
fruits and grain, amounting to upwards of 13,000,000 
francs per annum. ‘The paper then went on to 
describe the route proposed to be taken by 
the line; in one place there would be some “ three 
miles of rather difficult work” required, leading 
down to the plains around Homo, where a —— 
of 60 ft. span would te sufficient to cross the 
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Orontes, The author stated that the present mile- 
age rate for conveyance by camel is 8d. per ton, and 
he thought any railway would be able to carry goods 
at one-third of that sum. The length of the line 
from Tripoli to Aleppo would be 197 miles, and 
from Aleppo to Alexandretto is 97 miles further, 
but in the course of this 97 miles the Beilan Pass 
would have to be encountered at an enormous out- 
lay of time and money. The author calculated that 
this work alone would take as long and cost as 
much as the whole of the rest of the line between 
Tripoli and Aleppo, and would probably occupy 
eight or nine years. 

Tn the discussion which followed the reading of 
Captain Cameron’s paper, Sir Charles Nicholson 
said that the importance to this country, to India 
and to the districts opened up by such a rail- 
way, could hardly be over-estimated, but he 
considered the scheme at the present time utterly 
impracticable. It would, he said, cost more millions 
of pounds than the Turkish Government could 
find pence, and he pointed out that a much 
ractical route of communication might be 


more 
opened up 4 a line of steamers trading between 
Aleppo and Bagdad, 


Setr-Actine SyPHons. 

In Section G the business of Friday was com- 
menced by Mr. Rogers Field reading a paper on 
* Self-Acting Intermittent Syphons, and the Con- 
ditions which determine the Commencement of 
their Action.” In this paper, which we shall 

ublish in ertenso shortly, the author, after re- 

erring to the various kinds of self-acting syphons 
employed for different purposes, pointed out that 
the chief difficulty attending their use, especially 
when the syphons are large, is the setting them into 
action, so large a quantity of water being required 
to fill the upper bend, and until that is full the syphon 
will not begin to work. One way of meeting this 
difficulty is to fix the syphon so that the mouth of 
its lower end dips into water; by this means the air 
in the longer limb, which is displaced by the water 
or entangled in the stream, cannot return into 
the syphon, and the pressure in the longer limb is 
gradually reduced in some respects after the manner 
of that in the Sprengel air-pump until its tension is 
sufficiently low to start the syphon. Another 
method, and one which was first adopted by Pro- 
fessor James Thomson, F.R.S., for his jet pump, is 
to connect the bends of two syphons of different 
sizes together by means of a tube, the two syphons 
being so arranged that the smaller is set into action 
first, and the action of the small syphon (which of 
course requires but a proportionally small quantity 
of water to start it) is to exhaust the air from the 
larger syphon, thus setting it into action. Syphons 
upon this principle were carried out on a large 
scale at the reservoir of Mettersheim, where there 
are two syphons 2 ft, 4in. in diameter, each of 
which is started by a smaller syphon 6 in. in dia- 
meter, 

The author then goes on to describe a form of 
self-acting syphon which he has devised as a result 
of a series of experiments upon the flow of water 
through syphons, which consists of two con- 
centric tubes, of which the outer is closed at the 
top and is shorter than the inner tube. ‘The annular 
space between the two constitutes the shorter limb 
of the syphon, the longer, or descending limb, being 
the inner tube. The upper end of the inner tube is 
provided with a funnel-shaped cover, the action of 
which is to direct the stream of water, flowing from 
the rising limb, down the centre of the tube and 
clear of its sides, thus obtaining the maximum effect 
in the displacement and exhaustion of the air. By 
this means the syphon is exhausted in the minimum 
time, and less water is required to charge it. The 
lower end of the inner tube dips into a discharging 
trough, which is provided with a weir level with its 
mouth. In order to make a description of this 
apparatus clear drawings will be required, but as 
we intend so shortly to publish Mr. Field’s paper 
with its accompanying diagrams :t is unnecessary 
for us now to describe his appara‘ns in greater de- 
tail. The paper concluded by pointing out that by 
means of a syphon of this construction the trickling 
flow from a drinking fountain, which usually runs 
to waste, could be made available for starting a 
10-in, or 12-in. syphon, which would be capable of 
flushing periodically sewers up to 3 ft. diameter. 


Tue Execrric Ligut. 
The next paper was by Mr. J. N. Shoolbred “On 


during the last twelve months in the development 
of the electric light, especially with reference to its 
subdivision and the production of a number of 
small lights in the place of one of dazzling brilliancy, 
the author spoke of the relative heating and vitiat- 
ing effects of electric and gas illumination, showing 
that in both these directions the results were 
greatly in favour of the adoption of the electric 
light. He concluded his paper by describing some 
of the principal systems for the production and re- 
gulation of the electric arc, illustrating his remarks 
by diagrams which we need not reproduce here as 
they are familiar to our readers as well as to 
audiences in London and the provinces, Mr. 
Shoolbred, however, described a new electric lamp, 
the invention of Mr. Heinrichs, in which the 
carbons imstead of being straight pencils are 
moulded into circular rings. These, when cut in half, 
form two semicircular pencils which are attached at 
their upper ends to two levers connected with 
the mechanism of the regulator, and as these levers 
move on axes which coincide with the centres of 
curvature of their respective carbons, the free ends 
of the latter are brought together always at the 
same point in space. There can be no doubt that 
this arrangement must render the carbons more ex- 
pensive to produce and more difficult to pack, and 
we fail to see in it any compensating advantages. 


PuysicaAL PROPERTIES OF IRON. 


At the conclusion of Mr. Shoolbred’s paper, a 
communication was read by Mr. T. Wrightson, C.E., 
‘On the Changes of Volume in Iron when passing 
from the Liquid to the Solid State, and an Instru- 
ment for observing the Same.” The author described 
in this paper his observations on the change of volume 
in cast-iron balls as they become gradually heated 
when immersed in a bath of molteniron. Heshowed 
that the prevalent idea that a lump of cold cast-iron 
will float in its own fluid is fallacious, for if cast- 
iron balls be lowered gently into a mass of fluid 
iron, they remain at the bottom for a few seconds 
and gradually rise to the surface as they become 
expanded by the heat. The paper then goes on 
to describe a recording apparatus for measuring 
the changes in volume taking place in a piece of 
cast iron while passing from the solid to the liquid 
state, and vice versd. In this apparatus a cast-iron 
ball of known weight suspended from a spring 
balance is plunged into a vessel of molten iron, and 
as it changes in volume it displaces more or less of 
the fluid iron, thus by either sinking or floating it 
acts upon the spring balance, thereby registering its 
changes at successive intervals of time. From ex- 
periments made with this apparatus, the author 
plotted the results in curves with which the paper 
was illustrated, in which the abscisse represent in- 
tervals of time measured by seconds, and the length 
of the ordinates above or below a datum line repre- 
sent the floating or sinking effect in ounces, and a 
curve is thereby traced out which is a measure 
of the change of volume during a given period, 
The results of this investigation show that iron 
is at its greatest degree of density when cold, and 
that its density is at a minimum when in a plastic 
condition just immediately before liquefaction, after 
which its density becomes greater. 

This concluded the sectional business of the As- 
sociation for Friday, the 22nd of August, but the 
evening of the same day was a very marked one in 
the annals of the British Association, for it was on 
that occasion that Mr. Crookes, F.R.S., delivered 
in the Albert Hall his highly interesting and valuable 
lecture upon radiant matter, the first part of which 
we published last week, and the concluding portion 
will be found in another part of the present issue. 
We cannot refer to this most masterly demonstration 
of a branch of science which Mr. Crookes has not 
only made his own, but has introduced to the world, 
without calling attention to the last experiment 
shown, which for manipulative skill and successful 
demonstration to a large audience can hardly be 
per my in the history of lecture demonstration. 
n order to convey to the minds of his audience 
some idea of the vast number of gaseous molecules 
contained in a globe 13} centimetres in diameter, Mr. 
Crookes had constructed for him by Mr. Gimingham 
a glass globe of that diameter containing a little 
windmill like the fly of a radiometer, each of the 
vanes carrying at its back a little mirror, so that 
its rotation could be demonstrated to the audience 
by the whirling round the walls of the hall of the 
spots of light reflected by the mirrors when rotating 
within the beam of an electric lamp. Besides the 


connexion corresponding to another outside, by 
which a k from a powerful induction coil could 
be sent ugh the glass, thereby perforating it 
with an exceedingly fine hole, and these connexions 
were so arranged that the perforation produced by 
the spark should be opposite the vanes of the little 
mill, Before the lecture the globe had been ex- 
hausted to a high degree of exhaustion and the 
little mill (which was not a radiometer) was perfectly 
stationary ; upon transmitting the spark, however, 
the glass globe was perforated exactly at the 
right spot, and the jet of inrushing air, impinging 
against the vanes of the mill, drove them round with 
— velocity, and so excessively fine was the per- 
oration that a period of time of nearly half an 
hour elapsed before the bulb was completely filled 
to the atmospheric pressure, the rotation of the fly 
gradually becoming slower and slower as equilibrium 
was established between the interior and the external 
air until it came once more to rest. Those who are 
acquainted with the capricious nature of electric 
discharges of high tension, especially through such 
a substance as glass, and the difficulty of predicting 
what the exact effect of such a discharge would be 
upon a glass globe under such very abnormal con- 
ditions of pressure, will keenly appreciate the 
amount of skilful preparation and manipulation 
which could insure before a large audience the per- 
forating of such a globe by an induction spark at 
exactly the right spot for the vanes to be driven 
round by the inrushing air, and the production of a 
perforation so small that an behenstel bulb only 5 in. 
in diameter would through it take half an hour for 
the inside and outside pressures to come to equili- 
brium. We mention this experiment as especially 
remarkable for the skill required in its preparation 
and management, but all the experimental illustra- 
tions of Mr. Crookes’s lecture were exceptionally 
beautifully devised and performed, and we have no 
hesitation in repeating that the discourse of 
Friday night will give the distinguishing feature 
of the 1879 nfiéeting of the British Association. 

On Saturday, the 23rd ultimo, being the first day 
for excursions to places of attraction in the neigh- 
bourhood of Sheffield, only three of the sections 
met, 

Pure MATHEMATICS. 


Section A, as has been the custom of late years, 
devoted the Saturday to abstract mathematics. 
Reports of the Committee for ‘* Calculating Tables 
of the Fundamental Invariants of Algebraic Forms,” 
and that of the Committee ‘“‘ On Mathematical, 
Tables” were read, the former by Mr. J. W. L. 
Glaisher, F.R.S., and the latter by Mr. James 
Glaisher, F.R.S. Papers upon purely mathematical 
subjects were also read by Mr. A. J. C. Allen, Dr. 
Macfarlane, Mr. W. H. L. Russell, F.R.S., Mr. H. 
M. Jeffery, Mr. Donald McAlister, Mr. J. W. L. 
Glaisher, F.R.S., and Mr. W. H. Walenn. 

The Geological Section (Section C) also held a 
sitting; but the section which was especially 
popular on Saturday was Section D in the Depart- 
ment of Anthropology, for here, as in Section i the 
day before, the three African travellers, Captain 
Cameron, R.N., Major Serpa Pinto, and the Comte 
de Brazza, each were ‘‘down” for ethnological 


papers. 
CUSTOMS OF THE PEOPLE oF UrRua. 


Captain Cameron gave a very interesting account 
of the manners and customs of the people of Urua 
in Central Africa, in which he described their mode 
of Government, which is a sort of feudal system 
and their religious rites, which are very peculiar, 
and more centralised than in any nation the author 
had come across, the king having both “ spiritual” 
and temporal powers, acting as chief to the people, 
and high priest to a single idol which is kept in the 
jungle and held in such high reverence by the people 
that they are afraid to mention its name. Under such 
a system the power of the king, as might be sup , 
is very great and arbitrary. ‘The people will not 
eat or drink in the presence of one another, or 
rather within sight of one another, for the holding 
up of a screen is sufficient to satisfy the claims of 
modesty in this respect. The marriage rites are as 
peculiar as their customs, and Captain Cameron 
gave a very amusing ee of a wedding at 
which he was permitted to present, He con- 
cluded his communication by describing the very 
interesting system of telegraphy or, more correctly 
speaking, telephony, adopted by these curious 
people + means of a peculiar code of beats on 
the drum. By this system the king could in time 








Recent Advances in Electric Lighting.” After 
speaking of the great progress that had been made 


little windmill there was within the bulb an electrical 


of war send messages to great distances, and in 
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a wonderfully short space of time could bring up | rangement; of' which will be"readily understood from an Buuin. Devine visited the gas works they repaired to 
‘ dista: r give them his ord inspection of Figs. 2 and‘'3, while the two movable | the Old Pri Locke Park, which contains a statue of the 
any ess es Se nt rt Inte Joseph Locke, M.P., erected by the Institute of Civil 


NATIVES OF THE HEAD OF THE ZAMBESI, 

Major Serpa Pinto, who spoke in French, read an 
amusing and very interesting paper “On the 
Native Races on the Head Waters of the Zambesi,” 
who are, compared with neighbouring tribes, a white 
race, although having negro-like features. These 
people are considerably advanced in certain arts, 
especially in the working of iron, and they build for 
themselves square stone houses of a commodious cha- 
racter, while they also weave a cloth from cotton, 
with which they make themselves garments. Their 

rincipal business is elephant-hunting and the col- 
ection of ivory. 
Tse Natives NorTH OF THE Congo. 

The third paper was by the Comte de Brazza, 
‘¢Qn the Native Races of Gaboon and Ogowa.” 
The count, in the course of his communication, 
spoke in glowing terms of the Fan tribes, who, 

though cannibals, possessed many noble and ad- 
mirable qualities. e denied the truth of Du 
Chaillu’s statement that these people devoured their 
companions who had died from disease, and said 
that they ate their prisoners of war from super- 
stitious motives, believing that by eating the heart 
of a brave man they acquired his bravery and 
virtues. In the course of the discussion which 
followed, Major Pinto warmly eulogised the 
generosity, loyalty, and bravery and honour of 
the cannibal races, who were far higher in 
the social scale than the surrounding tribes who 
were not cannibals, a statement which was sup- 
ported by Captain Cameron, who said he always 
considered cannibalism as one of the first stages of 
civilisation. Livingstone’s best friends, he said, 
were cannibals, and the Maories, the bravest and the 
noblest race of the tribes in New Zealand, were 
also cannibals. The discussion was continued by 
Sir Rawson Rawson and by the chairman, who said, 
amid much laughter, that after the glowing accounts 
of the nobleness and generosity of the cannibal 
races, it became a question whether we ought not to 
turn cannibal in the hope of sharing those virtues. 


Sections E, F, and G did not meet on the Saturday. 
In the evening Mr. W. E. Ayrton delivered an 
address to working men in the Albert Hall upon 
‘¢ Electricity as a Motive Power,” and in illustration 
of his remarks, grinding wheels, pumps, and a lathe 
were driven and worked by means of Siemens ma- 
chines driven as electro-magnetic engines by similar 
machines fixed in a factory in the town, communica. 
tion with the hall being made by insulated conduct- 
ing cables. A 2-in, plank was also cut by means of 
a circular saw driven by an electric current produced 
by a dynamo-electric machine which was dena by 
a water engine at the Sheffield Water Works. 

The same evening the Mayor of Sheffield enter- 
tained a large and distinguished company at dinner in 
the Cutlers’ Hall, Dr. Allman, F.R.S., the President 
of the Association, returning thanks for the toast of 





theevening. Speeches were also made by General | w, 


Sir Henry Thuillier, C.B., Captain Cameron, Sir 
Rawson Rawson, C.B., the Archbishop of York, 
Professor Odling, F.R.S., Mr. Mundella, M.P., 
Major Pinto, and Professor Newton, of York College ; 
while Dr. Haughton, F.R.S., in proposing the toast 
of the sectional presidents, kept the company in 
roars of laughter for some twenty minutes by his 
original and amusing speech, running over, as is his 
wont, with Irish wit and humour in every sentence, 
We have in this notice given an account of the 
Sheffield Meeting of the British Association up to 
Saturday, the 23rd of August. We intend in our 
next issue to complete the notice of the sections, and 
to give some account of the very successful conver- 
sazione which was given in the Cutlers’ Hall on the 
following Tuesday, and at which a large number of 
new objects of scientific interest were exhibited. 


HORIZONTAL DRILLING MACHINE. 





WE give on page 195 engravings of a horizontal drilling | has been 


machine constructed by MM. Fetu and Deliége, of Liége, 
for drilling the holes for fishplate bolts in rails, As will 
be seen from the plan, Fig. 2, the machine has three 
drill spindles, one of these being fixed, while the two on 
the other side are movable and can be adjusted to dif- 
ferent distances apart and in different positions with re- 
gard to the fixed spindle. To permit of this each of the 


movable spindles is mounted in an independent head- 
stock capable of being shifted laterally in the bed, our 
engravings showing these two headstocks close together, 
and hence with the machine adjusted to give the 
minimum distance between the spindles. 

The fixed spindle has its own driving gear, the ar- 





‘works, &ec. 





spindles are both driven from the same set of cone 
pulleys. Referring to Figs. 2 and 4 it will be seen that 
each movable spindle carries a bevel wheel, which gears 
into another bevel wheel on a short shaft capable of 
sliding through—although rotating with—a spur wheel 
which gears into another similar wheel on the shaft 
carrying the belt pulleys. The whole arrangement will 
be readily understood on reference to the figures just 
mentioned, which also show the feed gear. The latter is 
driven by a small eccentric on one of the movable 
spindles as shown in Fig. 5, this eccentric giving 
motion by a ratchet to a spindle which carries at one 
end a wheel gearing into another wheel driving a nut on 
the screw which feeds up the spindle on which the 
eccentric is fixed. The corresponding wheel of the 
other spindle is driven from that just mentioned through 
an intermediate pinion running on a stud carried by a 
slotted arm. This arm (see Fig. 4) is itself movable 
on a centre, and by means of this movement, combined 
with the shifting of the stud in the slot, the pinion can 
be adjusted so as to gear into the feed wheels of the 
two movable spindles whatever the position of these 
spindles may be. The details of this feed gear are 
shown by Fig. 6. The fixed spindle has a similar arrange- 
ment of feed gear, and in both cases provision is made 
for running the spindles backwards or forwards by 
hand as shown in Fig. 2. The machine is altogether of 
very neat design and is conveniently arranged. 





THE IRON AND STEEL INSTITUTE. 

THE outline programme for the forthcoming meeting of 
the Iron and Steel Institute at Liverpool on the 23rd, 24th, 
25th, and 26th inst. has just beenissued. On the first day, 
Tuesday the 23rd inst., there will be a meeting of the 
Council only, the real meeting, as far the members are 
concerned, commencing the following day, Wednesday. 
On that day, and also onthe following days, Thursday and 
Friday, the mornings ‘will be devoted to the reading and 
discussion of pans in a room connected with the St. 
George’s Hall, and the afternoons to excursions, visits to 
On the Wednesday afternoon the members 
will have the opportunity of visiting any one of the follow- 
ing vessels : (1) the Cunard liner Gallia ; (2) the Inman liner 
City of Berlin ; and (3) the White Star liner Germanic. After 
inspecting the steamers the members will subsequently 
visit the Mersey Iron and Steel Works, the Birkenhead 
Shipbuilding and Senne Works, and the grain ware- 
houses, &c., ‘at the Liverpool Docks. On the evening of 
Wednesday also the Mayor of Liverpool will entertain the 
members at a conversazione at the Town Hall. 

For the afternoon of Thursday two alternative excur- 
sions have been arranged, namely, one to the collieries of 
Messrs. Blundell at Pemberton, and the works of the 
Wigan Coal and Iron Company ; and the second to Messrs. 
McCorquodale’s stationery works at Newton, and wire 
works at Warrington. On the evening of Thursday the 
annual dinner'‘of the Institute will take place at St. George’s 


Hall. 
On Friday an excursion will be made to the London 
and North-Western Railway works at Crewe, while a 


number of the principal engineering, chemical, and other 
works in Liverpool and its neighbourhood, will be thrown 
open to the inspection of the members. 

The list of papers set down to be read and discussed at 
the meeting is as follows : 

‘On a New Volumetric Method of determining Manga- 
nese in oy tee men Iron Ores, Spiegeleisen, Steel, &c.”’ 
(adjourned discussion), by John Pattinson, Newcastle-on- 
Tyne; ‘‘On the Geology of the Liverpool District,’ by 
illiam J. Greener, Pemberton, Wigan ; ‘‘ On the De- 

hosphorisation of Iron and Steel,’”’ by A. Pourcel, Terre 

oire ; ‘‘ On the Neutralisation of Phosphorus in Steel and 
Steel-Like Metals,’’ by Richard Brown, Ayr, N.B.; “‘On 
some Physical Changes occurring in Iron at High Tempera- 
tures,” by Thos. Wrightson, Stockton-on-Tees ; ‘‘On the 
Manufacture of Forgings, and the Materials 
suitable for the same,” by George Ratliffe, Mersey Steel 
and Iron Works, Live 1; ‘*On the Consolidation of 
Fluid Steel,” by Alf Davis, Westminster; ‘“‘On the 
Hardening of Steel,” by Professor Richard Akerman, 
Stockholm ; ‘‘On the New Wrought-Iron Sleepers laid on 
the North-Eastern Railway,’’ by Chas. W Middles- 
brough; ‘“‘On the Application of Toughened Glass to 
Permanent Ways,’’ by Chas. Wood, Middlesbrough ; “‘ On 
the Progress of Iron and Steel as Constructive Materials,’’ 
by J. A. Picton, Liverpool ; “‘ On a New Process for Re- 
fining Iron,”’ by 8S. R. Smyth, Manchester. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Alterations in Trade.—During the present week there 
a stiffening of prices in connexion with the iron 
trade. Hematite iron is dearer, and the total advances of 
the past month in this class have amounted to 2s. 6d. per 
ton. is will necessitate an alteration in the value of 
Bessemer steel, which is dearer, and makers will not book 
long contracts at prevailing rates. Railway material con- 
tinues to be ordered —- quantities, rails and tyres 
both for the home trade and export being principally in- 
quired after. Coalmasters are doing more business on 
export account and in steam coal. The cutlery, edge tool, 

rtments are busier on Australian, German, 
and South African orders, and sheep shear manufacturers 
on South American and colonial orders. 


Manchester Institute of Gas Engineers.—The members 
of this institute held their meeting on Saturday last at 





Engineers. Af they hel 
room of the gas works, Barnsley. Mr. Walter W. Hutch- 
inson read a ~~ on « Deseriptions of the Various Ap- 
tus used in Determining the Amount of Sulphur con- 
ined in Coal Gas with some of the Results obtained.” 
A paper was also read by Mr. John Chew, of Blackpool, 
on ‘‘ Distributing Apparatus for the Gas Holder to the 
Consumer’s Burner.”” Discussions followed the reading of 
each paper. Refreshments were partaken of at the King’s 
Head Hotel, and the members then left by train. 


a meeting in the 








NOTES FROM THE SOUTH-WEST. 

Railway Extension in Pembrokeshire.—On Thursday, 
in the presence of a large company of ladies and gentlemen, 
the first sod of the further extension of the Maenclochog 
Railway in the direction of Fis Bay was cut near 
the Rosebush Station on that line. The ceremony was 
performed by the Hon. Mrs. Owen, of Rosebush. The 
undertaking is part of a scheme to open up the rich slate 
quarries and agricultural districts of Pembrokeshire. The 
necessity and importance of such an extension cannot be 
doubted. By travelling in a westerly course to Morvil, 
Pancheston, Little Newcastle, Jordanston, and Mancrowen 
to Goodwick (passing within a mile of Fish town), a 
distance of 14 miles, the line may be e at an excep- 
tionally small cost—some 90,0001., including all expenses. 
The route named will touch several large cattle fair centres, * 
and will tap the extensive ham slate quarries. A 
moderate computation places the Jocal traffic at an ave: 
of 121. per mile per week, or nearly 5 per cent. on the esti- 
mated cost of the line. The ceremony of Thursday was the 
commencement of the first section of the extension, which 
will be completed to Puncheston in about four months. 
The second section will reach Letterston, and will take five 
months more. The third and last section to Goodwick will 
be the most difficult and will occupy some time in construc- 
tion. In the next session of Parliament it is intended to 
promote a Bill for powers to makea branch from Letterston 
to St. David’s, thusopening up a splendid agricultural 
district. 

The Tin-Plate Trade.—The notice of a reduction given 
by the tin-plate masters {expired on Sa‘ y. _ Deputa- 
tions representing the masters and men met at Swansea, 
and agreed that the men at thirteen works should return to 
work pending an amicable settlement of the dispute. 
At the Morfa Works, Llanelly, the proprietor, Mr. J. 8. 
Tregouing, addressed the men, and explained that the re- 
duction of wages was rendered necessary by foreign 
competition, the protective duties imposed by America, 
— ee arpa of _ into his ha ge trade. The 

in- e shows signs of improvement, prices being a 

pret firmer, and inquiries a little more numerous. An 
amicable arrangement come to on Saturday between the 
masters and men put matters on a satisfactory footing, 
and confidence is restored. The prices quo’ for tin- 
plates are—for charcoal, first quality, 22s. per box; second 
quality, 21s. per box; coke, first quality, 18s. per box; 
second quality, 15s, 6d, to 16s. per box; at the works Is. 
to 1s. 6d. less is —— for ordinary makes. In the tin 
market throughout the week sellers have displayed con- 
siderable firmness. 


Rail Shipments from al * We me of rails were 
made as follows from Cardiff last week: To Baltimore, 
1000 tons, by the Rhymney Iron Company ; to Calcutta, 
1630 tons ; to Madras, 600 tons; to Tripoli, 208 tons ; to 
New York, 200 tons ; to Genoa, 500 tons, all by the Dow- 
lais Iron Company ; to Madras, 100 tons, by the Llynvi 
Tron Coneeny ; to Stockholia, 747 tons, by Messrs. 
Tellefsen, Wills, and Co.; and to New York, 100 tons, by 
the Rhymney Iron Company. 


Railway Accommodation in Monmouthshire. — On 
owes ot o mosting of soe the opening ot tha Take 

mpany, redegar spoke of the opening e = 
wain branch in a short time. Colone Mich. the Govern- 
ment inspector, has been over the line, and his certificate 
is expected in a few days. This branch was projected be- 
fore the Monmouthshire was leased to the Great- Western, 
and it has been o sons time in hand. It branches off the 
Eastern V 8 ilway near Pontypool, and gradually 
ascends to a h level, so as to reach the higher of 
Abersychan, Talywain, and the Varteg, f unction 
with the Br wr and Blaenavon branch of the London 
and North-Western. This will be a great convenience to 
a large population which has hitherto had to walk a lo 
way to reach the trains at Abersychan or Featnannedt 
It will also open up an early communication between New- 

rt and Brynmawr. At present there are five trains a 

y from Newport to Blaenavon, and vice verséd. When 
the new line is cpenet there will be six trains each way, 
cg —— be on the high level, and three on the 
ow level. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-[ron Market.—Business was done d 

the forenoon of last Thursday at 48s. 1d. up to 43s. A 
cash, and at 43s. 44d. one month, sellers at the close hold- 
ing out for 14d. per ton more. There was astrong market 
in the afternoon, and iron hands at 43s. 6d. to 
43s. 74d. cash and 43s. 9d..one month, and at the closé 
there were buyers at 43s. 74d. cash and 43s. 9d. one month 
and sellers wanting 1d. more per ton. The market opened 
quiet on Friday with sellers at 44s. one month to 43s. 9d. 
cash, then sales were done at 43s. 9}d. to 43s. 104d. apt 
and 43s. 11d. to 44s. one month, thereafter back to 43s. 1 
eight days, but the forenoon market closing with 44s. cash 
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paid and 44s. lid. one month. Tho afternoon was firm at 
44s. 3d. one month fixed to cash ;paid, then 44s. 44d. one 
month fixed, receding to 44s. 83d. one month fixed, 44s. 4d. 
one month open, and 44s. 2d. cash, the market closing 
niet at that , and at least 9d. over the previous Fri- 
y's ye my Monday’s market was very strong 
all day, with a large amount of business done, sales were 
made during the forenoon at 44s. 3d. to 44s. 10}d. one 
month, and up to 44s. 9d. cash, and in the afternoon at 
448. 94. to 44s. 9)d. cash and 44d. 10}d. one month, re- 
ceding to 44s. 6d. cash and 44s. 7}d. one month fixed, 
closing firm at 44s. 8d. cash sellers, and buyers near. The 
warrant market was again very firm on Tuesday, and a 
continuous advance to the extent of 10d. per ton, closing at 
the highest re. There were transactions during the 
forenoon at from 44s. 6d. to 45s. cash, and at 44s. 8d. to 
45s. 1jd. one month, buyers at the close at the higher 
quotations, and sellers asking 1}d. more per ton. A 
further improvement took place in the afternoon, up to 
45s. 4d. cash and 45s. 6d. one month being paid, and the 
market closed with buyers offering 45s. 4d. and 45s. 6d 
cash and one month respectively, and sellers we way bey 
ton higher. The market was very strong again thi 
noon, when a large business was done at <45s. 8d. to 
45s. 9d}. cash and at 45s. 9d. to 46s. one month, sellers at 
the close asking 45s. 9d. cash and 45s. 10jd. one month, 
and buyers offering 1d. per ton less. Business was done in 
the afternoon at 46s. 44d. down to 45s. 9d. cash, and the 
market closed with buyers at 45s. 10jd. cash and sellers 
asking 46s. The market is not only very strong, but there 
isa decidedly speculative element entering into it which 
may rapidly carry prices a deal higher. Notwith- 
standing the lull which took place in the demand in the 
early part of last week, Gartsherrie No. 1 was advanced in 
ice on Thursday to the extent of 1s. per ton, which was 
Followed by Calder, Summerlee, Carnbroe, Shotts, and 
Clyde to the same amount, whilst the other brands which 
remained in the hands of merchants were held for higher 
ices, and the better brands of No. 3 iron were advan: 
From 6d. to 1s. per ton by the makers. At the end of last 
week another wave of American buying came on, and con- 
siderable orders for Canada were in the market; the 
Continental demand, however, remained [quiet. The home 
trade is also quiet, so far as Scotland Lancashire are 
concerned ; but the Welsh demand is showing signs of im- 
rovement, judging by the increasing number of inquiries 
rom that district. A amount of business is doing 
in hematite pig iron, and there is a considerable inquiry 
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tedfrom. Last week’s shipments of pig iron from all 
tch ports (including 6000 tons omitted in the two 
revious weeks) amounted to 18,312 tons, as compared with 
3 tons in the corresponding week of last year ; and the 
total increase for 1879 is now 68,966 tons. Iron still 
continues to be sent into the public warrant stores, and the 
total stock with Messrs. Connal and Co., up till last Friday 
night, was 298,800 tons, showing an increase of 2460 tons. 
One additional blast furnace has been blown in at Glengar- 
nock Iron Works, and thetotal number of furnaces at 
present in actual operation is 90 against 96 at the same 
time last year. 


The Malleable Iron Trade.—Not for many months past 
has such a healthy tone been felt in the malleable iron 
trade of the Coatbridge district as is now showing itself. 
For certain classes of malleable iron 2s. 6d. ton has 
been — in advance of the late rates. tt is confi- 
dently believed that the worst of the bad times has been 
passed. There is some talk of one of the Coatbridge malle- 
able iron works undergoing an important extension, such 


* | as will necessitate the ultimate conversion of at least 30 tons 


of pig iron additional per day. 


The Scotch Railway Companies ‘and their Servants.— 
During the last week or so there has been a good deal of 


talk about a P reduction of the wages and salaries 
of the North British Railway vo gp the total re- 
duct ting to about 50,000/. per annum. An 





announcement has been made to-day to the effect that 
the proposed reduction will take effect on the 1st October. 
It is said that there is among the employés of the company 
a strong feeling of opposition to any alteration of the 
existing arrangements, which will have the effect of reduc- 
ing their wages, but as no official intimation of the contem- 
plated change has yet been made, it is not known how it 
may be received. It is considered improbable, however, 
that the opposition on the part of the men will assume any 
practical shape, o—- it is expected to take the form of 
he question of reducing the salaries 

and wages of the Caledonian Railway Company’s officials 
and workmen has, it is believed, been abandoned for the 
present. The subject has been before the directors at 
several of their meetings and a feeling has existed that, 
owing to the falling off in the receipts, some reduction 
should be made, but as most of the weekly wage men were 
reduced some time ago, the directors do not think they can 
effect any saving so far as they are concerned. The pro- 
to reduce the incomes of the salaried class, however, 

not been finally abandoned, and should the traffic 
receipts continue decreasing, in all probability the question 
will be reopened, and a ee ae It is under- 
stood that the directors of the Glasgow and South-Western 
Railway Company do not contemplate making any reduction 





in the salaries of their servants; indeed the subject was 
not even mooted at the weekly meeting of directors held 
yesterday. 

State of Trade and Clyde Trust Salaries.—At 
day’s monthly meeting of the Clyde Trustees, the fo! as 
minute of the Committee of ment was submit 
and adopted: ‘‘In consideration of the present depressed 
state of trade, it is desirable that the strictest economy be 
exercised in all departments of the Trust, and with this 
object in view, remit to the Finance Committee and the 
conveners of committees jointly, to inquire as to the pre- 
sent staff of servants in the various departments of service, 
and whether any reduction in their number or salaries can 
with propriety be made; also, whether any, and what 
works may in the mean time be deferred, and to report to 
the committee.’”” It may be mentioned that there was a 
marked falling off in the income for the past year. The 
day-wage employés in the various departments of the Trust 
have just had their wages reduced, some to the extent of 
10 per cent., and others to the extent of 5 per cent. 

The Forth Bridge.—Yesterday afternoon the directors 
of the Forth Bridge Railway Company had another meet- 
ing in the offices of the North British Railway Company, 
Waverley Station, Edinburgh, with reference to the tenders 
which have been received for the construction of this great 
engineering undertaking. After considerable deliberation, 
the meeting was again adjourned, with a view to further 
inquiries being made as to certain matters of detail. It is 
expected that the information still desiderated may be 
forthcoming in the course of the next fortnight, after which 
the di rs of the company will meet for the final con- 
sideration of the tenders. 


Clyde Shipbuilding.—There was less work turned out 
of the Clyde shipbuilding yards last month than during 
any corresponding month for several years past. The 
aggregate tonnage launched, amounting to abeut 10,700 
tons, was less than half the amount launched in the month 
of August last year, and was even 500 tons under that 
launched during August, 1877, when there was a strike on 
the Clyde, and much of the work was done by the foremen 
and apprentices. Duri the past eight months the 
aggregate tonnage ened was 114,200, as against 155,700 
tons in the same period of last year, 107,500 tons in 1877, 
129,700 tons in 1876, 154,850 tons in 1875, and 169,500 
tons in the corresponding eight months of 1874 One of 
the vessels launched last month was the Britannia, a screw 
steamer of 3070 tons, and 400 horse power, for Messrs. 
Henderson’s ‘‘ Anchor’ Line of Clyde and New York 
traders. She was built by Messrs. D. and W. Henderson 
and Co. The Pizarro, a steel vessel of 3000 tons, was 
built Messrs. Robert Napier and Sons for the Pacific 
avigation Company. 
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THE BRITISH ASSOCIATION. . 

In our last notice* of the Sheffield meeting of 
the British Association we continued our summary 
of the proceedings, bringing them up to the evening 
of Saturday the 23rd of August; in the present 
article we shall give a general acoount Gt the doings 
of the Association on the Monday and concluding 
days of the meeting. 

The business in Section A, under the presidency 
of Mr. G. Johnstone Stoney, F.R:S., began on 
Monday August 25th by the reading by Dr. 
Haughton of the Report of the Committee on Cal- 
culations of Sun-heat Coefficients, a purely mathe- 
matical communication of no special interest to the 
readers of this journal. 


Luminous METEORS. 


Dr. Haughton was followed by Mr. James 
Glaisher, F.R.S., who read the Report of the Com- 
mittee on Luminous Meteors, is report began 
with a tribute to the memory of the late Mr. Charles 
Brooke, F.R.S., who had been a prominent member 
of the Committee ever since its appointment, and 
announced with regret the loss to the Committee of 
Mr. Gregg, who had retired during the past year. 
It was stated that owing to the bad weather which 
has prevailed the annual star showers of October, 
December, January, and April had been but very 
imperfectly observed, and the August meteors were 
entirely invisible from the same cause. The fire- 
balls which had been observed in the United States 
of America in August and December of last year 
and in January and February of the present year, 
were next referred to, and it was stated that their 
paths had been approximately ascertained, To the 
general public the most interesting matter contained 
in the report was the announcement that on the 27th 
of November next another meg display of shoot- 
ing stars may be looked for as following in the 
train of Biela’s comet, whose orbit will be ap- 
proached very closely by the earth at that time. 

The President said that although it was not the 
custom of the Association to hold discussions on 
the reports of committees, still he felt that the 
present occasion was an unusual one, for they had 
among them on this particular occasion Professor 
Newton, of Yale College, who had done so much 
to advance the world’s knowledge of this interest- 
ing subject. The reports of the Luminous Meteor 
Committee of the British Association are the great 
repertory to the world about meteors, and to Mr. 
Glaisher is mainly due the great success of the 
labours of this Committee. It is also greatly due to 
Professor Newton, by whose discoveries the science 
of meteoric phenomena had been transferred from 
the domain of mopeteay fe that of astronomy. 
It was he that made the discovery that there were 
five possible orbits for these meteors, and he 
pointed out which of the five satisfied most com- 

letely the conditions, and this discovery, commenced 
in the United States, was completed by our own 
countryman Professor Adams, who showed that 
the orbit of 334 years was the only one of the five 
which agreed with the observations. Professor 
Newton discovered that two of the suggested orbits 
were nearly coincident with the orbit of the earth, 
and Professor Adams made the calculation as to 
what effect the perturbation of the earth would have 
upon bodies travelling in those orbits. 

Professor H, A. Newton, of Yale College, who was 
received with great applause, said that the reports 
of the British Association Meteor Committee are of 
the greatest and the deepest value, for they col- 
lected not only data of observations of meteoric 
displays, but collected them in a scientific manner, 
giving those elements of the observations which 
were valuable for calculation and for arriving at 
a correct knowledge of the subject. In illustration 
of the im ce of such systematic collection of 
facts he instanced the publication about a hundred 
_ ago of an abridged edition of the Philosophical 

sactions, in which was a very interesting 
account of a meteor, but in the abridged reprint 
the only matter of real importance as a record was 
omitted, and the description was, for all present 
purposes, worthless. He was strongly of opinion 
that in all records of meteoric occurrences the very 
fullest details should be given. It is of the utmost 
importance that all the conditions of the observation 
should be known as well as the scientific standing 
and reliability of the observer, for he had found from 
experience that all accounts of meteoric fireballs 
must be received with very great caution, for out of 
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as for calculation. 
a ap ~ erschel, a said he 
was mm’ i at hearing Professor Newton's 
remarks, ods endorsed what had been said 
as to the importance of accurate observations of 
fireballs. Mr. Clark, of York, had done some very 


valuable work by collecting and reducing old re- |i 


cords of large meteors, and for this work he deserved 
to be ranked among ¢ astronomical discoverers, 
Each + meteoric display furnished valuable data 
by which the science of this subject could be ad- 
vanced, and we may hope to see in November next 
the luminous bodies which form the cortége of Biela’s 
comet. 

Professor Newton then read a ly ‘¢ On the 
Direct Motion of Periodic Comets of Short Period.” 
The author prefaced his communication by stating 
that the November meteors might make their ap- 

arance on the 24th of November, or they might 

delayed until the first week in December, and he 
stated that he never in his life experienced greater 
leasure than when he heard of Professor Adams’s 
beautifal solution of the problem of the meteoric 
orbits. 

Professor Newton then read his paper, in which 
he stated that the periodic comets—that is to say, 
those comets which had been identified at two re- 
turns—were about fifteen in number, and their orbits 
had all, with but one or two exceptions, small in- 
clinations with the ecliptic, and this fact led to the 
supposition that they had an origin common to that 
of the planetary system. Of the other comets which 
came to us from outside the solar system those 
which were now permanent members of that system 
had become so by the perturbing influences of the 
planets, The paper of Professor Newton was both 
mathematical and speculative, but it was listened to 
with great interest, and at its conclusion a few re- 
marks were made by Dr. Haughton, and by the 
President of the section, who conveyed to Professor 
Newton, in the name of the section, a vote of thanks 
for his communication. 

SEe_F-AcTInG INTERMITTENT SyPHONS, 

The next paper read in Section A was by Rogers 
Field ‘‘On Self-Acting Intermittent Syphons, and 
the Conditions which determine the Commence. 
ment of their Action.” This paper was identically 
the same as was read on the previous Friday in 
Section G, to which we referred in our last notice,* 
and which we intend to publish in extenso on an 
early occasion, The paper was one which from 
both its subject and the way in which that subject 
was treated, was obviously more suitable for reading 
before Section G than before Section A, which is 
essentially devoted to the consideration of mathe- 
matical and physical science, and but very indirectly 
to their commercial applications. We cannot but 
think that the objects which the British Association 
had in view by dividing the meeting into different 
sections, each devoted to a special branch of in. 

iry, is defeated by a custom which has crept into 

e proceedings of late years, and which is rather 
increasing than diminishing—we allude to the read- 
ing of the same paper in two or more sections, 
There are of course many subjects which are em- 
braced by several of the sections at once, and the 
advisability of reading a paper on such a subject 
before one section or another, would depend upon 
the way in which the subject was treated by the 
author of the paper. It would be difficult to 
say whether such a subject as the electric light, 
for instance, more properly belongs to Section A or 
Section G, but there ought to be no difficulty in 
assigning any particular paper on the subject to one 
or other of those sections according as to whether 
the author had treated his subject from a physical 
or from an engineering point of view. Or the sub- 
ject might be so treated as to make it unfit for either 
Section A or Section G, but like Professor Dewar’s 
paper be a valuabie communication to Section B on 
account of the chemical phenomena recorded ; or, 
on the other hand, it might by taking a commercial 
or statistical review of the question, be wholly 
applicable to Section F. There is, moreover, a 
physiological aspect of electric illumination which 
would bring it under the domain of Section D, The 
permission to read a paper in two or more sections 
of the same meeting has been granted ‘in order to 
shut out no paper from any oné section that is 
capable of advancing that branch of science to which 
it is accredited, and it becomes therefore an under- 


stood thing, if a paper which, on the ground of its | vessel 
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and discussion no less than 287 papers, 
rate of 57.4 per day, and 8.2 per day of four hours 
in each section, so that an average time of only half 
an hour was devoted to each paper with its discus- 
sion. It is clear therefore that if papers are read 
and discussed in more sections than one, they must 
occupy the time of the section which rightfully is 
the property of other papers, and the discussions on 
all the communications become necessarily more 
aoe of Mr 
‘he paper . Rogers Field, which gave rise 

to the present digression, was an instance Lt of 
how a communication itself can suffer by being read 
in a section to which it does not belong, for while 
it was well received in Section G it was very un- 
fortunate in Section A, and such discussion as it 
gave rise to was decidedly of an adverse character. 

Mr. Field’s paper was followed by one by Dr. 
Haughton, which was *‘ An Account of Experiments 
made in Dublin to determine the Friction of Water 
on Water at Low Velocities.” This was essentially 
a mathematical paper, and gave rise to a discussion 
somewhat wandering in character, in which Mr. 
Merrifield, Mr. Perry, Professor Unwin, and Mr. 
Rogers Field took pam and which was brought to 
a close by Dr. Haughton, who, amidst some laughter, 
said that with respect to Mr. Merrifield’s remar 
or showed e - Merrifield _ _ unders 

@ paper, and with respect to the other speakers, 
her wane altogether beside the mark. 


Tue SENSIBLE WARMTH OF THE AIR, 


Professor George Forbes then gave an account of 
an instrument for determining the sensible warmth 
of the air. By the term “sensible warmth” is meant 
not the physical temperature which would be mea- 
sured by an ordi thermometer, but what might 
be called the physiological temperature or warmth of 
the skin as is estimated by nervous sensation, The 
sensation of heat and cold by the human subject 
does not depend entirely on boat en temperature 
of the air, but on that combined with its degree of 
humidity, and the —— with which evaporation 
is taking place from the surface of the body, which 
is influenced by both moisture’ in -the air and the 
rapidity of its movement in the form of wind. It is 
well known that-with the thermometer: standing at 
zero (Fahr.), a person may standin s still air without 
feeling as cold as he would feel if he were exposed 
to the wind with the thermometer at 30 deg.; the 
reason of this is that the amount.of sensible warmth is 
determined by the of rapidity with which heat 
is transferred from the skin to the surrounding air. 
In still air there are formed around the body layers 
of warm air which protect it from the chilling in- 
fluence of the colder air beyond; when, however, 
the air is in motion these layers of warm air are re- 
moved as fast as are formed, cold air supplying 
their place ; the » therefore, has a far 
demand upon it of heat than. before, and a feeling 
of cold is the result. The thermometer is but 
a very poor indicator as to whether on a certain 
day extra clothing is advisable or not, and there can 
be little doubt that an instrument which, by being 
affected in a similar manner to the human body, can 
indicate the sénsible warmth of the atmosphere must 
prove of great value not only in hospitals, and for 
invalids. generally, but it mustibé valuable to the 
climatologist and horticulturiat. The instrument de- 
Tele fo ae Snes ee ee 

. 1 on the next , is exceeding i Aisa 
cylindrical vessel of tin-plate filled with fied water 
which can be kept hot for several hours by enclosing 
the vessel ina case thickly padded with felt orsome very 
slow conductor of heat. Through a sort of stuffing 
box in the centre of the top of this vessel slidesa copper 
rod ©, which dips ‘at its end into the hot water, 
and at its upper is. attached ‘to the brass socket D, 
which encloses on all sides the:bulb‘of a thermometer 
B, the reading of which indicates the temperature of 
the mig mass D, Now thé! temperature — 
mass is affected by two things ; first, by the conduc- 
Hon’ of heat, by tie tol Ban the. eater in the 





hich is fairly constant; second, 
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rod C which is exposed to the air | with its heat 
poet ye amd pe a either upon 
the len the rod C which is exposed between 

d D, or upon external atmospheric conditions ; 
ut as it is these conditions which the instrument is 
intended to determine, the length of the rod exposed 
is made variable by being capable of sliding in and 





Fie. 1. 


out of the heating vessel A. In using the instru- 
ment, the vessel A is first filled with boiling water 
and inserted in its padded box, and the whole a 

ratus is placed in an exposed position, and the 

ength of the rod C, which is exposed to the cooling 

influences of the atmosphere, is so adjusted that the 
thermometer gives a constant reading, such, for in- 
stance, as ‘‘ blood heat,” i.e, 98 deg. When the 
thermometer has become stationary at this point, 
the length of rod exposed to the air is a measure of 
the sensible warmth. of the air. 

At the conclusion of the reading of Professor 
Forbes’s communication Mr. C. W. Merrifield, who 
took the chair in the absence of- Mr. Johnstone 
Stoney, conveyed to the author the thanks of the 
section, and Mr. Shoolbred handed in the Report of 
the Committee on Tidal Observations in the English 
Channel, which was taken as read. 


LoNDON TEMPERATURE AND RAINFALL. 

The next paper was by Mr. Courtenay Fox “ On 
Synchronism of Mean Temperature and Rainfall in 
the Climate of London.” In this paper the author 
gives the results of a comparison made by him 
between the mean temperatures of each month 
extending over a period of sixty-seven years, and 
the amount of rainfall for each month during the 
same period, and he has tabulated the figures so 
obtained. We are glad to find, from the conclu- 
sions arrived at in this paper, that the author has 
been rewarded for his patience and for his collection 
of observations extending over sixty-seven years by 
the making of three important contributions to the 
advancement of meteorological science. 

1. That in the winter months cold tends to be 
synchronous with dryness, warmth with large rain- 
fall. 

2. That in the summer months eold tends to be 
accompanied by much rain, warmth with dryness. 

8. That rain brings warmth in winter and cold 
in summer, and the author concludes - 4 stating 
that he is not aware that these striking laws have 
been made public before, and that it would be in- 
teresting to ascertain if they are peculiar to our 
insular position. 

Those interested in the climatic influences of 
temperature taken in connexion with rainfall cannot 
do better than consult a very instructive paper on 
the subject read before the Royal Society more than 
a dozen years ago by Dr. S, Elliott Hoskins, F.R.S., 
and which curiously enough is not referred to by 


Mr. Fox. 
Ram GauvGeEs. 


Mr. Baldwin Latham, C.E., then read a communi- 
cation “ On ents on the Influence of the 


——< the Lip of Rain Ganges on the Quantity 
of " In this paper the author 


ater collected.’ 





PASSENGER LOCOMOTIVE; SOUTHERN RAILWAY.,OF AUSTRIA. 
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(For Description, see Page 206.) 


stated that in consequence of his having observed 
that in the ordinary Glaisher rain-gauge, dur- 
ing high winds, the rain is often driven up the 
sloping lip and into the gauge, thus making its 
readings too high, he designed an instrument 


having two sloping lips, one inside and one 
outside the gauge, meeting at the top ina very acute 
angle. With an instrument of this description, 


while rain falling on the outer lip might be driven 
into the gauge by the wind, an equal quantity would 
be driven from the inner lip at the opposite end of 
its diameter outside the gauge, and thus the one lip 
would compensate the other. With this idea, the 
author had two gauges constructed 8 in. in diameter, 
the one of the Glaisher form, and the other as 
described above, the lip of the former being in- 





clined 45 deg. to the perpendicular, and the two 




















conical os the latter having an inclination of only 
3 deg. e two instruments were placed under 
precisely similar conditions at Croydon, and were 
worked side by side for 551 days, during which 
period rain fell on 306 days. It was found that on 
43 occasions the rain collected in the Glaisher gauge 
exceeded that in the new instrument by a small 
amount; on two occasions the results were the 
reverse, and on 261 occasions the rain in both in- 
struments was equal, while it was found that on the 
43 days when the Glaisher gauge collected most rain 
the wind without exception was high, thus confirm- 
ing by e iment the conclusions to which the 
author hel aeteok: and which led him to design the 
double-lipped instrument. 

There was another communication read the same 
day by a Mr. Lowenthal (who is we understand a 
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Fig. 4. 


teacher of languages at Bristol) upon “An Improved 
Rain Gauge,” which was illustrated by a working 
model fitted with a float and counterbalance, and of 
far too complicated a construction for us to pre- 
sume to appreciate the value of its various parts. 
The model, which the author informed the meeting 
was entirely home-made (and we could see no cause 
for discrediting his statement), did not do the in- 
tentions of the author full justice, for the float re- 
fused to rise until the vessel, in which it was con- 
tained, was nearly full, when it sprang up with a 
bounce, scattering the water far and wide over those 
who were trying to comprehend its action, and 
producing secondary symptons of a still more 
alarming character, for a valve at the bottom of a 
second vessel connected with the first by a tube 
suddenly self-acted itself open, and a stream of 
water began to squirt over the reporters’ table, pro- 
ducing a general stampede of its occupants, much 
to their discomfiture and to that of the inventor of 
this interesting piece of apparatus, which, judging 
by the performance of the model, would be emi- 
nently more applicable to purposes of irrigation 
than to the measurement of rainfall. In the short 
discussion which followed the reading of this com- 
munication, both Mr. Glaisher and Mr. Baldwin 
Latham took part, both of whom thought there 
might arise certain important practical objections to 








& 
g 
! 


| 
3 


the general adoption of the system suggested by the 
author of the paper. 

Mr. A. E, Fletcher then exhibited an improved 
form of anemometer, in which the pressures within 
two tubes exposed to the wind, the one being bent 
and the other straight, were read in two observing 
microscopes, This apparatus would require drawings 
in order to render a description clear, and we may 
return to the subject on a future occasion. 


An INTERNAL CURRENT GALVANOMETER. 


The concluding og in Section A was read by 
Mr. Conrad W. Cooke “On a Galvanometer for 
Demonstrating the Internal Current within a Vol- 
taic Cell.” In this paper, which we published a 
fortnight ago,* the author describes an instrument 
by which the current transmitted from plate to 
plate across the liquid within a voltaic cell is de- 
monstrated hy the movement of a spot of light re- 
flected on a screen. In this instrument (the prin- 
ciple of which is shown in the diagrams, Figs. 2 and 
3, which represent an elevation and plan respectively 
of its principal parts), a voltaic cell is divided into 
two separate portions, into one of which is placed 
a plate of zinc, and in the other a rod of carbon, 
these two half cells being connected together by means 
of a tube of glass about 2 ft. long, which is convo- 


# See ENGINEERING, page 176 ante. 





luted into two circular coils, after the manner of a 
Thomson's Veliccting galvanometer, there being six 
convolutions in the upper, and six in the lower coil. 
This tube, being filled with the exciting solution 
of the battery, the contents of the one-half cell are 
thereby connected to those of the other, and it follows 
from the construction of the that if there 
be an electric current transmitted from the one plate 
to the other through the liquid, it must follow all 
the convolutions of the tube as an external current 
would follow all the convolutions of the coils of a 
galvanometer, Within the axes of the coils of this 
tube is suspended a pair of magnetic needles, one 
needle in each coil, connected together by a thin 
strip of aluminium, so as to constitute an astatic 
system, and attached to the upper needle is a light 


mirror, by which its angular displacement may be 
indicated the movement of a spot of light ona 
screen. Upon closing the external circuit be- 


tween the zinc and the carbon by means of a 
key K, the needles are deflected, showing that an 
internal electric current has been transmitted 
through the liquid within the tube, and this may be 
shown to be co-existent and equal to the external 





current by placing a galvanometer G in the latter 
circuit. The instrument exhibited to the section, 
which was a beautiful specimen of glasswork (the 
two cells and coiled tube with its twelve convolu- 
tions being all in one piece), was constructed for the 
author by Mr. Charles Gimingham. Below the 
stand of the instrument is a little magnetised 
needle, which can be rotated through a small angle 
by moving a little lever, and by which the index is 
adjusted to zero. At the conclusion of the paper, 
Dr. Oliver J. Lodge said that he was not sure that 
it was ne to prove the existence of the in- 
ternal current within a battery, which was acknow- 
ledged by all physicists, and, as was pointed out in 
the paper, been.demonstrated by Faraday ; but 
he thought the instrument devised by Mr. Cooke 
would be useful for purposes of demonstration. He 
thought, however, that its principal value would 
be in the investigation of the subject of contact 
electricity, as the tubes could be filled with various 
liquids whose electric Fw grees were under investi- 
gation. He thought that the instrument was a de- 
cided addition to the apparatus available for phy- 
sical research. 

In Section B there were on this day but two papers 
of special interest to the readers of this journal. 


NITROGEN IN STEEL. 

The first of these was a paper by Mr. Alfred H, 
Allen “On the Presence of Nitrogen in Steel.” 
As we published this paper in ertenso in our last 
issue* it will not be necessary now for us to say 
more than that by a series of very carefully con- 
ducted chemical tests Mr. Allen found that in ten 
samples of steel there was present nitrogen in pro- 
portions varying in the ten samples from .0020 
—- wire) to .0148 (Atlas Bessemer steel). 

the course of the discussion which followed Mr, 
Isaac Lowthian Bell, M.P., F.R.S., said he was vn- 
able from his own experience to say anything with 
respect to the combination of nitrogen with steel, 
but he considered inquiries, such as that which had 
been conducted by Mr. Allen, of the highest possible 
value, for vines the quantity of nitrogen in steel 
might a—_ to be very small, still there can be no 
doubt the way smallest traces of nitrogen pro- 
duce a very marked effect upon the quality of steel, 








* See ENGINEERING, page. 185 unte, 
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and he h Mr, Allen and other chemists would|gineers last April, and which we published iz NOTES FROM THE SOUTH-WEST. 
continue their researches in this important branch | exéenso at the time.* | Swansea.—Trade last week was tolerably brisk, the im- 

proved weather favourable for the arrival and de- 


of the metallurgy of steel. Professor Williamson, 
Mr. Blair, Professor Odling, and Mr, Vernon Har- 
court also took part in the discussion. 

Huaues's Inpuction BALANCE. 

The other communication in Section B was by 
Mr. W. Chandler Roberts, F.R.S., the chemist to 
the Mint, who exhibited some experiments with 
Professor Hughes's induction balance, the principle 
of which was described in these columns some months 
ago.* It is well known that Mr. Chandler Roberts 
has for some time been applying the induction 
balance to the assaying of metals, and it was this 
———— of the instrument that formed the subject 
of his communication to Section B, in which it was 
pointed out that the relative values of different 
metals as indicated by the induction balance do not 
accord with the values usually accepted as repre- 
senting the relative conductivities of the respective 
metals, and this being the case, Mr. Roberts had 
ascertained what relation the indications given by 
alloys when under the influence of the induced 
current bear to their electric conductivities. 

The experiments on a comprehensive series of 
alloys proved that in the case of alloys of certain 
metals the induced current curves closely resembled 
those representing electric conductivity, but that in 
certain other cases the induced current revealed 
differences that had hitherto escaped observation. 
As an example, Mr. Roberts, in his paper, alluded 
to the curve of the copper-tin alloys, in which 
there is a sudden break between the points re- 
presenting two alloys which only vary by a single 
equivalent, or by 6.4 cent. of copper. These 
two alloys are widely different in colour, fracture, 
density, and structure, and the induction balance at 
once afforded evidence of a marked difference not 
shown in Mathiessen’s curve of electric conduc- 
tivity. 

It is known that certain metals when alloyed 
undergo a molecular change, and that an allotropic 
condition may in some cases be induced by alloying 
a metal with a small quantity of another, facts which 
well deserve minute examination as bearing on the 
non-elementary’character of certain metals which is 
now receiving so much attention. 

The paper then went on to refer to the question 
of applying the induction balance to the assay of 
me In the case of gold-silver alloys the instru- 
ment will show the presence of less than two grains 
of gold in the pound of silver. On the other hand, 
the silver-copper alloys used for coinage are situated 
at the flat portion of the curve, so that it is im- 
possible to detect even considerable differences in 
their composition and their alloys, which are very 

uliar in their nature, —— be greatly affected 

y annealing. More — ul results were obtained 
with the gold-copper alloys, and Mr. Roberts de- 
monstrated a difference of | percent, in the standard 
of two gold discs, which though far short of the exist- 
ing method of assay in delicacy, appeared to afford 
grounds for the belief that very accurate results will 
ultimately be obtained. 

Tn Section G the business commenced by the 
President (Mr. Robinson) proposing that the thanks 
of the section be given to Messrs, Steel, Tozer, and 
Hampton for their kindness in throwing open their 
works to the members of the British Association, 
and for affording them an opportunity of witnessing 
the manufacture of steel rails by the Bessemer 
process, and for their hospitality on the occasion of 
the visit to their works. The motion having been 
seconded by Mr. Oldham, wes carried unanimously. 


REPORTS. 


The following reports of committees were next 
read by Mr. Shoolbred: (1) that on the Committee 
on Instruments for Measuring the S of Ships, 

2) that of the Committee on the Ordnance Datum, 
3 that of the Committee on the Patent Laws (which 
we print on 206 of the present number), and 
(4) that of the Committee on Tidal Observations 
in the English Channel, which was read in Section A, 
also on the same day. 

BRAKES, 

The first pa read was by Captain Douglas 
Galton, C.B., .o~ “On fist cme Results of 
Experiments on Friction at Hi elocities,” which 
was a repetition of the results of the series of brake 
trials which were described by the author in a 
paper read before the Institution of Mechanical En- 


~ © See ENGINEERING, vol, xxvii., pages 217 and 457. 





Cowrer’s WRITING TELEGRAPH, 

The concluding paper was by Mr, E. A. Cowper, 
C.E., on his “ Writing Telegraph,” which we need 
only mention here, as it has already been fully 
described in these columns.t We need hardly 
say that Mr. Cowper’s very beautiful instruments, 
which were shown in action, excited the greatest 
possible interest at the meeting. With this paper 
was concluded the sectional business of Monday the 
25th ultimo, 


ELECTION OF OFFICERS FOR 1880, &c. 

In the afternoon of the same day a meeting of the 
General Committee was held in the Church Institute 
for the purpose of electing the officers for the year 
1880, and to fix the place of meeting in 1881. Dr. 
Allman, F.R.S., the President of the Association, 
occupied the chair, and the meeting was addressed 
by the Lord Mayor of York, and by Mr. Noble, the 
secretary of the Yorkshire Philosophical Society, 
both of whom in the name of the city of York re- 
newed the invitation to the British Association to 
visit that city in the year 1881, there to celebrate 
the jubilee of the Association, for it was in York 
that the British Association had its birth fifty 
ago. Mr. Pengelly, F.R.S,, then proposed, and Mr, 
Isaac Lowthian Bell, M.P., F.R.S., having seconded 
the motion, that in the year 188] the annual meet- 
ing of the Association should be held in York, the 
proposal was put by the chairman and carried 
unanimously. 

Mr. Mott, F.R.S., then, on behalf of the town of 
Leicester, invited the Association to visit that town 
in the year 1882 or 1883, producing great laughter 
when he, in pleading the special qualifications of 
Leicester for accommodating the British Association, 
and enumerating the various industries of the place, 
pointed out that ‘‘ the spinning of yarns was one of 
their most important occupations,” and the amuse- 
ment afforded to the meeting by this unfortunate 
remark was not diminished by the fact that the 
speaker was altogether at a loss to know what he 
had said which caused so much hilarity amongst so 
many learned philosophers. 

Dr. Duncan, F.R.S,, then proposed, and Professor 
Odling, F.R.S., seconded, in warmly eulogistic terms, 
the motion that Professor A. C. Ramsay, F.R.S., be 
selected as the President of the British Association 
for the Swansea meeting, and this notice having 
been carried amid loud ney the meeting then 
proceeded to elect the following gentlemen as vice- 
residents: Mr. S. R. N. Talbot, M.P., Lord- 
ieutenant of the county of Glamorganshire, the 
Mayor of Swansea, Sir William Grove, F.R.S., Mr. 
H, Vivian, M.P., Mr. L. M. Dillwyn, M.P., and Mr. 
Gwyn Jeftrys, F.R.S. And as local secretaries for 
the meeting, Mr. James Strick and Dr. W. Morgan ; 
Mr. R. J. Letcher was elected the local treasurer. 
The general officers of the Association were, accord- 
ing to the usual form, re-elected, and the business 
of the Committee was brought to a close by the 
election of the following gentlemen to the Council : 
Professor Abel, C.B., F.R.S.; Professor W. G. 
Adams, F.R.S.; Mr. W. H. Barlow, C.E., F.R.S. ; 
Professor Cayley, F.R.S.; Mr. Edward Easton, C.E. ; 
Captain Evans, C.B., F.R.S.; Mr. John Evans, 
FRS. ;. Mr. Heywood, F.R.S.; Dr. Huggins, 
F.R.S.; Professor Hughes; Mr. Gwyn Jeftrys, 
F.R.S.; Mr. Shaw-Lefevre, M.P.; Professor Mas- 
kelyne, F.R.S.; Mr. Newmarch, F.R.S. ; Professor 
A. Newton, F.R.S.; Admiral Sir Erasmus 
Ommaney, K.C.B., F.R.S.; Lord Rayleigh, F.R.S. ; 
Professor G. Rolleston, F.R.S.; Professor 0e, 
F.R.S.; Dr. W. J. Russell, F.R.S.; Professor 
Burdon Sanderson, F.R.S.; Mr, Warrington Smyth, 
F.R.S. ; and Mr. H. C. Sorby, F.R.S. 

In the evening Professor E. Ray Lankester gave 
the second of the evening discourses in the Albert 
Hall, his subject being ‘‘ Degeneration,” butfowing 
partly to the bad weather and ly to the fact 
that most of the visitors to Sheffield were quartered 
from two to five miles’from the town, there was not 
a large attendance. The subject was of course ex- 
clusively a biological one, and for that reason is not 
applicable for republication in these columns, but the 
lecture was a highly interesting one, and was illus- 
trated by a very beautiful series of diagrams projected 
on the screen. We hope next week toconclude our 
notice of the Sheffield meeting, giving an account of 
the sectional proceedings of ‘luesday, the 26th ult., 
and the concluding meetings of the following day. 


* See ENGINEERING, vol. xxvii., page 371. 








t+ See ENGINEERING, vol. xxvii., page 180. 


oye of exports showed an increase of 
12 tons, as compared with those of the ious week. 
Among the shipments were 2158 tons for Montreal, Caen, 
Brest, and other ports, by Davis, Fry, and Co. ; 215 tons 
for Nantes and Pontandemer, by E. W. Cook; 679 tons 
for Dieppe, Galveston, and Cadiz, by the Cwmamman Coal 
Company, &c. 

Cardiff.—The general trade of this port duri 
week has not been so brisk as was anticipated, 
principally, to the non-arrival of several 

vessels. The demand, however, for 
house coal continues See and prices are firm, with aslight 
tendency upwards. ights are firm for Mediterranean 
and French ports, and tonnage is in good demand, especially 
in steamers. Coasting freights have been dull, and very 
little chartering has been accomplished. The alteration in 
the charge for wharfage made a short time since by the 
Bute trustees, for steamers entering the Bute Docks, light, 
to “bunker” only, has been the means of sending ten 
steamers to other ports, where they can bunker at about 
the old rate, viz., 4d. per ton. 


The Forest of Dean.—There is some improvement in the 
coal trade of the Forest, and prospects are better with 
brighter weather. A little more pig iron has been sold of 
late, and'the c imparted to the iron trade 
elsewhere may be reasonably to produce improve- 
ment here. It was this belief which induced Messrs. Craw- 
shay and Sons to recently withdraw their notices. The 
firm in question are holding rather heavy stocks of high- 
class pig iron, and should the iron trade continue its favour- 
able °furn,”* these stocks doubtless will soon diminish. 
The general trades of the district are in a languid condition. 

Newport.—The imports were less last week than in the 

vious week, but the export of coal was larger. Several 
rge vessels came in with iron ore, the total quantity re- 
ceived being 6473 tons as gainst 10,836 tons. Messrs. 
cong der ge de poy i oe had + of —_ 

m Miramichi, a cargo of sleepers from Riga 
arrived toorder. Several vessels have sailed for New York, 
the Ontario having taken 2000 tons of coal, and another 
500 tons of tin-plates, besides coal. The Xanthio, 
which took 1800 tons of coal for Alexandria, had also 100 
tons of coke and some wheels and axles. 


STEAM ENGINE INDICATOR. 
To THE EpIToR OF ENGINEERING. 
ye! my mg of —= : am _— > say that 
my pa motion gave ree m vibrations ; 
what I said was, that the di were more free from 
vibrations. This makes all the difference in the sense of the 
letter referred to. 
Iam, yours, &c., 
. RICHARDSON. 
101, St. Martin’s-Lane, September 4, 1879. 


COMPRESSED STEEL. 
To THE Ep1IToR oF ENGINEERING. 
Str,—We have read the article about ‘‘ Compressed 
Steel’’ inthe number of ENGINEERING for August Ist 
last, page 83, with aay interest, the more so as we at the 
Kladno Steel Works (Bohemia) have since February last 
carried out the compression of liquid steel quite in the 
same manner as described in your issue. ou seem to 
suppose that gases must be pressed out of the steel, re- 
quiring ecial holes in the moulds for outlet. We started 
rom @ erent point of view. The liquid steel has, 
like other metals, ¢.g. lead, the ow, of absorbing 
, and the more of them the higher the temperature. 
the other hand, these absorbed gases will come out of 
solution in cooling, accumulating in bubbles, until the 
rigidity of the setting steel puts an end to this. This will 
be the case under ordinary atmospheric pressure. But it 
is otherwise when liquid steel is submitted to the influence 
of high pressure ; then the absorbed remain in solu- 
tion, like carbonic acid: in well-bottled soda-water for 
example, and any formation of bubbles will become im- 
possible at a pressure of over six atmospheres 

With this in view, we closed our moulds perfectly tight, 
even so much so that the inlet of steam was not to be per- 
ceived at all, and -_ the fractures of the broken ingots do 
not show any bubbles. Induced by your description of the 
tem of compression employed ae the Thomson 
orks wehave carried out experiments for the purpose of 
learning whether there is any difference in the results of 
these two methods or not; we cast one part of the charge 
in moulds provided with holes at their bottom ends and 
the rest in moulds, afterwards tightly closed. All the 
resulting ingots turned out to be quite free from bubbles, 
both when treated in the moulds, with openings and when 
compressed in tight moulds, where the pressure on the 
whole surface of the ingots must have Son the same, 

thus preventing gases from flowing out of the steel. 

Pp a _ pay — — to this _ difference 
of wor! » though tight mo t the annoying 
streaming out of steam, did we ast bellew that the result 
of the above-mentioned experiments, confirming our theory, 
— some light * the nee — k this most we 
portant operation. Taking the liberty asking you 
admit these remarks to your journal, 

I am, Sir, yours obediently, 


F. Moro, 
Chief Engineer of Kladno Steel Works. 
Kladno, Austria, September 5, 1879. 
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LIST OF TRAMWAY BILLS PASSED IN THE SESSION OF 1879, SHOWING THE PROPOSED AMOUNT OF CAPITAL TO 
BE RAISED THEREUNDER AND THE EXTENT OF THE PROPOSED WORKS TO BE EXECUTED. 





























Tire or Tramway. las veaeer’ Engineer or Surveyor. Solicitors. Parliamentary Agents. 
m. ch. ES 
1. Birkenhead ... i DL. Tait} 60,000 G. Hopkins { Stone and Fletcher, Sherwood and Co. 
‘ynne 

2, Blackburn and Over Darwen... Dae 1 oti eae O. L. Light H. ©. a F. of Hindle | Hanley and Carlisle. 
$. Brentford, Isleworth, and Ptteahem... ss /S.L. 4 a 88,000 W.F. Ashdown H. J. West. 

4, Cambridge (No.1). we a {DL 9 483) 95,000 F. Floyd {Foe aod gp, 8 Sand W.}/ — Durnford and Co. 
5. Glasgow Corporation si DL. 14 %}| 100,000 | Jobnstones and Rankine J. D. Marwick Simson and Wakeford. 
6. Gosport-strest ws. DL. 1 37} 1 28,000 Davis and Emmanuel Lousada and Emmanuel Sherwood and Co. 

. le urs 2. .f 

7. Great Grimsby-street ui ae BS a Davis and Emmanuel { Co., Grange ro ¥ J. C. Bees. 

8. Liverpool United Tramways and Omnibus Commay re vo & 500,000 Bs ea Winter Tacs Shereeul end Co. 
9. London-street 58 7 ia { DE. 7 37} 125,000 H, 0. Tower Ashurst, Morris, Crisp and Co. J.C. Bees, 

10. Manchester Suburban ai {aq 4 90,000 J. H. Lynde W. A. Lynde Sherwood and Co. 
ii, Bustemeuih Sontioes, saa gureane ortamouth t= I Davis and Emmanuel Ashurst, Morris, and Co. J. 0. Rees. 
12. Ramsgate and Margate .. = «+. /8.L. 6 65 58,000 Alexander Cullen ~ =m P. B. Cunningham. 
13. Saint Helens and District ... {DL 9 703) e750 oe os J..N. Edwards Marriot and Jordan. 
14. SouthLondon s,s DL. 2 Gt | 187,500 A. J. D. Cameron J. B. Bailey Hanley and Carlisle. 
15. Southwark and Deptford ... , { Di 1 Pt! 100,000 W. Shelford , J.B. Bailey Wyatt and Co. 





D.L. double line ; 8.L. single line. 


LIST OF WATER AND GAS BILLS PASSED IN THE SESSION OF 1879, IN WHICH NEW OR ADDITIONAL 
WORKS ARE PROPOSED TO BE EXECUTED. 



































I.—WATER. 
Proposed Capital 
Susszct or BILu. aa _— Engineer or Surveyor. Solicitors. Parliamentary Agents. 
of Bill. 
£ ‘ 
1. Arlecdon and Frizington Water ... . 13,000 J. D. Kendall W. H. Akinson 8. H. Lewin. 
2. Belfast Water ae 170,000 L. L. Macassey John Rea Martin and Leslie. 
3. Birmingham (Corporation) ‘Water ose cm 300,000 ase eee E. J. Hayes Sharp and Co. 
43,000 
8, 000 in to i 
4. Colchester Water lee a Panga Ty i W. F. Tindell W. Bell. 
5. Colwyn Bay Water .. Pad RD oy T. B. Farrington Earle, Son, Orford, and Co. Dyson and Co. 
6. Glasgow Corporation Water eve ‘ J. M. Gale J.D. Marwick Simson and Wakeford. 
7. Grand Junction Water... . o ie ene ove Bircham and Co. J. C. Rees. 
8. Knutsford Light and Water 4 ° a ee 42,500 ite eve Ashworth and Inman Milne, Riddle, and Mellor. 
9. Manchester Corporation Water ... : os . 8,425,000 J. F. Bateman Sir Jos. Heron Sherwood and Co. 
10. Nottingham Water... —«» d ae ae ae F. and C. Hawksley Maples and McCraith Dyson and Oo 
11. Portsmouth Water ... “ es 56,250 Joseph Quick and Son R. W. Ford and Sons Sherwood and Co. 
12. Sleaford Water mr 7,500 B. 8. Brundell eake, Snow, and Peake Wyatt, Hoskins, and Hooker. 
13. Southend Water oes de 000 F. and C. Hawksley W. Gregson Toogood and Ball. 
14. Weardale and Shildon District Water a 125,000 F. and C. Hawksley Hutchinson and Lucas Durnford and Co. 
15. Westgate and Birchington Gas and Water 56, W. A. Valon oo Simson and Wakeford. 
II.—GAS. 
ae Capital 
Sopsect or Bin. m 4. — a Engineer or Surveyor. Solicitors. Parliamentary Agents. 
Bill. 
z£ is, 
1. Alliance and Dublin ConsumersGas ... «. a A. Palles D. and T. Fitzgerald G. Norton. 
2. Brighton and Hove Gas . ec 312,500 Thos. Simpson Clarke and Howlett Wyatt, Hoskins, and Hooker 
3. Bromley Gas evo 125,000 ma we aa os Blythe, and Co. 
4. Bury St. Edmunds Gas etl ae ee 26,600 ; rs Salmon and Son E. Walmisley, 
5. Glossop Gas... 1. ise dae tt Sie 50,000 ; - Wake and Sons G. Norton. 
6. Houghton-le-Spring District is’ whe os 25,000 ood Kidson, Son, and McKenzie | Wyatt, Hoskins, and Hooker. 
7. Ilkey Gas ihe a ooo ide ak ove $1,250 aut hes J. and J. B. W. Thompson Sherwood and Co. 
8. Lancaster Gas ove 83,000 R. P. Spice, W. Flemming Maxted and Gibson Tahourdins and Hargreaves. 
9. Mirfield Gas 81,250 us een Walker and Son ©. Walker and Co. 
10. Morecambe Gas... x W. Duff and RB. P. Spice Clark, Oglethorpe, and Son Tahourdins and Hargreaves. 
11. Newcastle-upon-Tyne, an ‘Gateshead Gas 375,000 we R. P. and H. Phillipson Dyson and Co. 
12. Plymouth and Stonehouse Gas « 75,000 os Whiteford and Bennett Sherwood and Co. 
13. Preston Gas... os ie eee eee ewe ose i am W. and A. Ascroft Dyson and Co. 
14, Queenstown Gas a 500 20,000 Robert Walker D. A. Nagle Sherwood and Co. 
15. South Shields Gas . ose eee 100,000 oe eee Maxwell and Moore Dyson and Co. 
16. StourbridgeGas ... see one ron 500 ove ove Corser and Walker Dyson and Co. 
17. Westgate and Birc Ges as Water. oes 56,200 W. A. Valon mA = Simson and Wakeford. 
18. Wisbech Gas rn - 10,000 ro ie Dawbarn and Wise Dyson and Co. 
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HYDRAULIC TP 


FOR COAL WAGONS. 


RESIGNED BY MR. DAVID THOMSON, ENGINEER, LONDON. 





WE illustrate on the present and opposite pages a 
set of coal-tipping machinery designed and patented 
by Mr. David Thomson, of the firm of Richard 
Moreland and Son, 3, Old-street, London. Fig. 1 
shows a side elevation, Fig. 2 a front elevation, and 
Fig. 3 a plan of the plant in question. A reference 
to the drawings will show that the framing of the 
machine consists of angle-irons well braced together 
by suitable diagonal stays—this framing serving both 
as guide and support for the cradle carrying the wagon 
about to be tipped. The chief peculiarity in the machine 
is that both the hoisting and tipping motions are pro- 
duced by the use of a single hydraulic cylinder, in- 
stead of by the two independent cylinders ordinarily 
applied for such work, namely, one cylinder for hoisting 
the wagon and a second cylinder for tipping it; in the 
present case the tipping is produced by a chain attached 
to the outer end of the platform carrying the wagon, and 
made fast below, this chain tripping down the end to 
which it is attached during the last portion of the rise 
of the hydraulic ram which is doing the hoisting. It 
is thus clear that by means of this simple expedient the 
necessity for the use of the second cylinder is totally got 
rid of, and consequently a reduction in the first cost 
of the machine, as well as in the subsequent expense 
of working and maintaining it, is effected. 

It will be seen by reference to Figs. 1 and 2 that the 
hydraulic cylinder is placed vertically at one side of the 
framing, the necessary motion being effected by chains 
taking hold of each side of the hoisting platform as seen 
in Fig. 2. This particular design has been prepared to 
meet the special cases when, owing to bad foundations or 
other local causes, it is undesirable to have a pit capable 
of taking an hydraulic cylinder with the necessary length 
of stroke immediately underneath the machine, and 
although it has the disadvantage of indirect action it 
must be remembered that in this arrangement the weight 
of the hydraulic ram forms a very convenient means 
of counterbalancing the weight of the wagon and rising 
platform.. In Figs. 1 and 8 a light jib crane is shown in 
side elevation and plan; this is for depositing some coal 
by means of skips immediately under the hatches where 
the coal is delivered by the shoots, and is for the 
purpose of diminishing the breakage of the coal, 
and thus lessening its*market value. The provision 
of these supplementary jibs shows a certain ' faith 
in the conscientious discharge of duty on the part 
of those entrusted with the loading of coal into 
screw colliers, the simpler precaution which they gene- 
rally adopt to prevent breaking of the coal being merely 
to sweep up the remains of the previous cargo into a 
larger or smaller heap underneath the hatchways. 

We understand that two of Mr. Thomson’s lifts have 
been made for the Leith docks with the same tipping ar- 
rangement as here shown, but with a ram below to lift 
the wagons by direct action, which is probably the best 
plan where there is no unusual difficulty in making a pit 
in the foundations deep enough to receive the hydra 
cylinder. One has been at work most successfully for be- 





Fig. 3. 


tween two and three years, the second not having yet been 
set to work owing to the dock not being finished to receive 
it. That which is in use is driven by a pressure of 
700 Ib. per sqr. in., and is supplied from the mains working 
the rest of the dock machinery ; the ram is 18 in. diameter 
by 36 ft. stroke, but as this size is found much larger 
than is necessary for the wagons used there, we believe 
it is now in contemplation to replace it with one of 
smaller diameter, which will of course use a proportion- 
ately less amount of water and power, more in keep- 
ing with the loads to be raised. On a recent trial it 
was found that seventeen wagons could be raised and 
tipped in half an hour, but this rate of work could not 
be regularly maintained as it was not possible to keep 
the coals properly trimmed in the ship when the delivery 
was so fast, nor was the arrival and removal of the full 
and empty wagons rapid enough owing to the deficiency 
in the siding accommodation. We think that the first 
of these evils might be obviated to a very great extent 
by the adoption of Mr. Price’s self-trimming hatches de- 
scribed by us on page 496 of our nineteenth volume. 
It is generally considered fair average work to do 20 
to 25 wagons, or, say, 200 to 250 tons of coal per hour. 





SEDLACEK’S MICROPHONE. 
Smvcz Mr. Hughes’s discov of the microphonic 
action numberless experiments have been made with 
microphones of yarious construction. In principle there 
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its most 
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differ from each other, and although a special 

t of the different parts of an ap- 

does not necessarily involve a new 

v n, yet it is not without interest to 

study the various forms that have been given 
to wd instrument by oo persons. i 

The microphone which we propose to de- 

scribe, and which has been constructed by 

Mr. Sedlacek, of Prague, is distinguished by 


its neat ent, and by that attention 
to small d which is nec when 
tical results have to be attained. Sed- 


ek’s microphone has been constructed with 
a view to facilitate experiments referring to 
the microphonic transmission of very feeble 
sounds, as well as of artieulated speech. 

As we safely may sup that our readers 
are well acquainted with the principle in- 
volved in microphonic action, which has been 
frequently treated in these we shall at 
once proceed to describe the instrument under 
consideration. 

In Figs. 1 and 2, 6 and c are two pieces of 
carbon Tieea gas retorts) shaped as shown in 
the figures. The piece 6 has a groove into 
which a strip of carbon a is hung, resting with 
its lower extremity on the back of the piece 
c. The strip a is shown detached in Fig. 4. 
It is about $ in. wide by } in. thick and 2 in. 
long. These three pieces of carbon form the 
working parts of the instrument, and are en- 
closed in a circular box A, which on one side 
is closed by a fixed wooden bottom B, whereas 
the other side is open, and can be closed, if 
necessary, by a wooden cover 0, which is 

vided with two circular openi shown 
in dotted lines). The lower cube c is fastened 
to the box by a strip of platinaj, whereas the 
upper piece 6 is, by a similar platina band ¢, 
attached to a brass slide d mov in brass 
guides ee, which are fixed to the bottom 
B of the box. The slide d can be raised or 
lowered by the screw f. The inside of the 
box is Nery oy f covered with cloth, by which 
the effect of reflection of the sound is less- 
ened. By means of the wires k, 2, m, a, the instrument 
is included in the circuit of a battery, the current pass- 
ing from @ through m, ¢, i, b, a, c, and & to 8, or in the 
reverse direction. 

The box A is attached to a rod D, which can be moved 
up and down in a hollow wooden stand F, the screw G 
serving to fix the rod D in any position. The stand F 
rests on three screws K, K,K. A circular platform E 
receives the various objects to be experimented upon, as, 
¢.g.,@ watch, an alarum, a tuning-fork, &. 

When the instrument is to be used, the box A is first 
fixed at a convenient height, and by means of the screws 
K, K, K, the apparatus is adjusted in such a way as to 
obtain the proper of pressure between the pieces 
ce and a, for it is clear that this pressure varies as the in- 
clination of the box A is varied. Next, the slide d has 
to be properly adjusted. By raising it the length of a 

mensubed between contacts) is increased and vice versd. 

or speaking this length must be different to that 
for the transmission of inarticulated sounds. By lowering 
the slide d, and thus shortening the length of a, the 
pitch of the voice is raised. The proper position of the 
slide d has to be found out by experiment, but by making 
convenient marks on the fixed guides ee the slide can be 
afterwards properly adjusted for any purpose by shifting 
it simply to the corresponding mark. To the intensity of 
the current also some attention has to be paid, for it 
influences the result very decidedly. 

When inarticulate sounds have to be transmitted, the 
box A is closed by the cover O, and the sounding bodies 
are applied from the side of the bottom B, either by 
placing them on the platform E or by applying them 
directly to the bottom B. When, however, articulate 
speech has to be sent the cover O is removed, and the send- 
ing person speaks to the instrument from the open side. 
It has been found that the hissing sounds, as e, g, s, or z, 
are not clearly transmitted. This fault has been reduced 
by the following arrangement. For speaking purposes 
the pendulum a is fitted with an armature as shown in 
Fig. 5. This armature is made of strong paper and has 


= on its back a raised edge p. In speaking against the 


pendulum this edge reinforces somewhat the hissing 
sounds, and thus they are heard more clearly also in the 
receiving instrument, 

Singing and speaking, transmitted by this microphone, 
are heard distinctly, even when the receiving telephone 
(Bell’s was used in the trials) is not held close to the ear; 
the melody of a music box can be recognised ata distance 
of a yard or more from the telephone, 

Al the instrument is carefully worked out and 
its construction is the result of many trials, by which the 
various small details were improved step by step. It is 
the intention of M. Sedlacek to introduce the micro e 
in this form to the medical public, and it is to be hoped 
that, besides its application in c ical operations, 
where it has been a y applied in England, it will do 
good services in the diagnosis of diseases of the heart 
and the lungs by assisting the surgeon in the difficult 
task of examining the state of these organs by the 
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ear. Mr, Sedlacek has also constructed a telephone which 
has likewise given good results; as, however, a patent 
will be taken out by the inventor, the description of this 
instrument must be postponed. 





LOCOMOTIVE FOR THE SOUTHERN 
RAILWAY OF AUSTRIA. 
Tue locomotive of which we this week give a 
two-page engraving, together with other views on 
200 and 201, is one constructed by the Weiner 
inotiv-Fabriks Actien Gesellschaft, of Floridsdorf, 
near Vienna (of which works Mr. Bernhard Demner 
is the m er), for working passe traffic on the 
Brenner section of the Southern way of Austria. 
The engine is of the outside cylinder, six-wheeled 
coupled type, all the axles being under the barrel of 
the boiler. The trailing wheels are, however, placed 
very close to the firebox casing to reduce the overhang, 
the distance from the centre of the axle to the fire- 
box casing plate being 94 in. The diameter of the 
wheels is 4 ft, 1.8 in, and total wheel base is 10 ft. 
6.4 in, only, the distance between the centre of the lead- 
ing and driving axles being 5 ft. 11.7 in. and that be- 
tween the centres of the driving and trailing axles 
4 ft. 6.7 in. The leading and driving springs are placed 
directly over their respective axle-boxes and are not con- 
nected by compensating beams ; the trailing springs, how- 
ever, cannot be similarly arranged in consequence of the 
closeness of that axle to the firebox, and they are there- 
fore arranged to bear on the ends of a transverse beam 
from which the load is transmitted to the axJe-boxes. The 
arrangement is shown in dotted lines in Fig. 4 on page 201, 
The wheels are all of wrought iron and are forged at the 
Floridsdorf works; as will be seen from the elevation 
on our two-page engraving, the crank bosses are pro- 
longed to the rim so as to form as it were an extra strong 
spoke at this point, 

The axles are of Bessemer steel, and the crank-pins are 
of wrought iron case-hardened, and ground up true by 
emery machinery, after the pins have been fixed in place. 
The axle-boxes are of wrought iron and work in cast- 
iron guides fitted with adjusting wedges. The frame 
plates are 1} in. thick, and are well stayed transversely, 
as will be seen from our engravings. 

The cylinders are, as we haye said, outside, and ther 
are 18.9 in. in diameter and 24 in. stroke, The diametey 
of the wheels being, as we have already stated, 49.8 in., 
tractive force which the engine is capable of exerting 


2 

8 a at 24 172 1b. for each pound of effective pressure 
per square inch on the pistons. The weight of the engine 
is 36 tons empty and 41] tons in working order, anda 
tractive force equal to one-fifth this latter weight could be 
developed by a mean effective pressure of about 107 lb, 
per square inch in the cylinders, As the working 
pressure for which the boiler is made is 147 lb. per 
square inch (ten atmospheres) the mean effective cy- 
linder pressure just mentioned can readily be attained. 

The steam ports are small, being but 11 in. long by 
1.54 in. wide; the width of the exhaust ports is 3,07 in. 
The valves have 1.14in. lap, and a maximum travel of 
4.25 in., while the throw of eccentrics is 3.15 in. The valve 
gear is of the Stephenson type and its arrangement is 
shown by the views on our two-page engraving: The re- 
versing is effected by a screw. 

The connecting and coupling rods are of steel with 
wrought-iron bearings lined with white metal, as shown 
by the sectional plan on our two- engraving. The 
crosshead has a wrought-iron ay oe with cast-iron 
shoes, the latter being adjustable by means of liners 
placed between them and the body., The piston rods are 
continued through the front covers as shown, The ex- 
pansion links and all pins of the link motion are wrought 
iron case-hardened, and the holes are fitted with case- 
hardened wrought-iron bushes. The boiler has a firebox 
of the Belpaire type, the crown of the casing, however, 
being flush with the barrel of the boiler, The principal 





dimensions of the boiler are as follows: a. te 
Diameter of barrel inside largest plate 4 4.76 
Height of centre line above rail dee 6 5.4 
1 of firebox inside - 5 69 
h ” ” one ote 3 34 
Height ,, crown above bottom 
ring at front... - aod oe 5 18 
Height of crown above bottom ring at 
back ~ ... con ~~ a % 4 7.1 
Number of tubes... ve 181 
Diameter ,, outside ood ns 0 2.05 
an 9 —! aieceaiot 0 1.88 
” ween tube-pla 14 03 
Danlocs diameter of chi ~ ys ey 
¢ aq. ft. 
Heating surface: Kirvbox 93.6 
Tubes (outside) 1360.0 
Total... 1453.6 
Grate surface ... i ae 18.3 
Five area Apas (disre- 
garding cpa 3.31 
Area through chimney at smallest ent 
Ratio of grate surface to total heating 
surface ... hee oe =~ wo 1:79.5 


Ratio of area through tubes to grate 


oy} eee one h eee to oe 1: 5.5 
mine oan os 1: 18.6 


Area of blast nozzle, variable from 7 to 15 sq. in. 

The boiler shell is made of the best Styrian —s 
thick, while the firebox is of copper. The tubes are of ¢ 
coal iron with copper ends. The stays for the front, back, 
and sides of the firebox are of copper, and each has a hole 
drilled in it, while a short tube is fixed in the lagging 
plate opposite each stay, so that in the event of the 
fracture of the latter there is an immediate escape of 
steam externally. The stays between the crown of the 
crowns of the firebox and casing are of iron. The back 
plate of the firebox casing and the smokebox tubeplate are 
stayed by gusset stays, and there are also similar stays 
between the crown of the firebox casing and the barrel. 
The boiler carries a large dome near the front end, and 
this contains the regulator, which is of the gridiron type. , 

The chimney is of cast iron, and is fixed on a cast-iron 
base. It is of the double-cone form. The smokebox 
has a screen or spark-catcher placed across it, and it is 
fitted with a finely-perforated pipe which extends across 
it, and is connected to one of the feed pipes, so that jets 
of water can be discharged into the smokebox to extin- 
guish sparks accumulating there. This arrangement is 
now used on many Austrian locomotives burning a soft 
coal. The smokebox is also provided at the bottom with 
a hopper and slide for discharging sparks and ashes, as 
shown in Fig. 3, on page 200. 

The engine is fitted with the Lechatelier counter- 
pressure brake es and also with the Smith-Hardy 
vacuum brake. The brake-blocks are of cast iron, and 
are applied by two Hardy vacuum cylinders 13}in. in 
diameter, the ratio of the levers being such that with an 
exhaustion equal to one-third of an atmosphere, each 
block is pressed against its wheel with a pressure of 
3} tons. The ejector for working this brake is fixed just 
in front of the steam dome, from which it draws its steam 
supply through a short direct pipe. 

To facilitate the passage of curves the leading wheels 
of the engine have their flanges lubricated by small felt 
discs pressed lightly against them, these discs receiving 
a supply of oil from a separatelubricator. Each leading 
wheel also is fitted with an arrangement of scraper to 
prevent the accumulation of dust or dirt. The engine is 
provided with a capacious sandbox with valves for dry 
sand, while small pipes are arranged to discharge water 
from the boiler on to the rail just in front of the leading 
wheels so as to obtain a clean rail. 

The engine we have been describing was exhibited last 
year at Paris, and its workmanship was excellent, while 
the neatness with which the small details were carried 
out was very creditable to its builders. 





STEAM PLOUGHING ENGINE. 

In July last, in the course of our account of the Royal 
Agricultural Society’s Show at Kilburn, we had occasion 
to notice specially a steam-ploughing engine of novel de- 
sign, which was exhibited on that occasion by Messrs. 
Everitt, Adams, and Co., of Ryburgh, Norfolk. Of this 
engine, which has been named by its makers the “ Uni- 
versal” engine, we this week give on page 208 a perspec- 
tive view, which will enable us to explain the special 
features of the design more fully. 

The particular engine illustrated is rated by its makers 
as a 10-horse, and it is intended for use either as a steam- 
ploughing, traction, or hauling engine. When used for 
ploughing purposes on the system known as the direct 
or double-engine system, one dram is mounted on the 
side of the boiler, as shown in our engraving, this drum 
being driven direct from the crankshaft, and from it the 
rope is led round a pulley revolving horizontally under 
the tank, at right angles to the engine, and attached to 
the plough or cultivator. By this arrangement coiling 
gear (which in the ordinary way consists of sun-and- 
planet motion, cam, die, wrought-iron lever, pulleys, and 
cage) is dispensed with, as is also the bevel gear and 
vertical shaft with its attendant brackets and bearings, 
so that a lighter and simpler engine is obtained. 

The drum is made of wrought iron, with the gearing 
bolted on in segments. These segments are so fitted that 
the power is transmitted direct to the spokes, all strain 
being taken from the bolts. In the event of a tooth 
breaking on any one segment it can be readily re- 
placed by means of a new segment, and the entire ring 
when worn out can be replaced by new segments, making 
the drum equal to new again. The drum is made 7 ft. 
in diameter, and 4 in. wide, and the leading pulley is 4 ft. 
in diameter, and also of wroughtiron. By using drums 
and pulleys of such large diameter, it is maintained that 
the life of the rope will be considerably lengthened, while 
the friction of the wearing parts is much reduced. 

The engine has a single cylinder well steam-jacketted, 
and the bearing surfaces throughout the working gear 
have been made as large as ible, while every facility 
has been given for thoreughly lubricating all parts. The 
winding drum is provided with an automatic brake, which 
puts a slight tension on the rope when paying out, but 
which revolves freely round the shaft when winding. For 
the single engine or roundabout system two drums are 
used, one mounted on either side of the boiler, and the 





rope is led away by means of leading pulleys on the tank 
and smokebox to any desired point, 





Should the engine be required for traction, sawing, or 
thrashing purposes, the drums can be taken off in a few 
minutes, and their weight dispensed with, or the drums 
may be left on if preferred. For contractors’ use for 
hauling loads u inclines, &c., the engine is well adapted, 
as by keeping both drums in gear, and leading the rope 
off the top of one and ‘the bottom of the other, the de- 
scending weight may be made to assist the ascending load. 

The front carriage of the engine is partly on the prin- 
ciple of Mr. William Adams’s well-known bogie, there 
being an india-rubber pad, which takes the weight, and 
which yields in any direction to suit the uneven- 
ness of the road. Messrs. Everitt, Adams, and Oo, in- 
form us that they find in practice that this makes a 
marked difference in running, and that they have run 
the engine illustrated at the rate of eight miles an hour 
without any unpleasant motion on the footplate, and this 
on rough 

We may add that the workmanship of the engine ex- 
hibited by Messrs, Everitt, Adams, and Co., at Kilburn, 
was excellent in every way, and the whole design was 
thoroughly worked out. In conclusion, we may state 
that we understand that Messrs. Burrell and Sons, of 
Thetford, have taken a license to construct engines on 
the system we have been describing. 


PATENT LAW. 

Report of the Patent-Law Committee of the British 

Association, March 24, 1879. 

Tux Committee* of the British Association, appointed 
for watching and reporting to the Council on Patent Legis- 
lation, beg ) hee to report that there are now two Bills 
before Parliament in respect to patent law. The first Bill, 
brought in by private members (Mr. Anderson, Mr. Mun- 
della, and mime , and the second, a Government Bill, 
and boone in by the Attorney-General, Mr. 

Cross, the Solicitor-General. 

The first Bill is short, consisting of only five 
clauses. It has for its objects the extension of the term of 
~ ight, both for new patents and for those existing at 

time the ill might Lewmmery yo from fourteen years to 
twen' , on en’ certain sums, and a very 
pre ak reduction rhe the amount of the stamp duties 


ble in of the patent. 
se aie Bill, the Committee have to rt their 
inion, that it should not be proceeded with, looking at 
the comprehensive Government measure now before the 
House of Commons. 
With respect to the second Bill, the Government mea- 
sure, the Committee have to report that it proposes to re- 
the various Acts (seven in number) relating to patent 
islation, and to substitute for them this one Act of 59 
clauses. 


The principal novel provisions of this Bill may be sum- 
marised as follows : . 

1. Clause 5.—In addition to the eight officials now 
acting as the Commissioners of Patents, all of whom, with 
the exception of the Master of the Rolls, with the 


, two persons recommended by the Lord cellor, 
ae ited by Ble Miciost by the Board of Trade, are to be 
appoin er jesty 

2. Clause 7 and 8.—The isional 
tended for twelve months, 2 1 
must be filed, and rendered public, along with the provi- 
sional i ion, at least three months before the ex- 
piration of the provisional protection. ; 

8. Clause 13.—The applicant for a patent is to have an 
appeal to the Lord Chancellor from an adverse decision 
by the law officer. At present, the appeal is only by an 
ent in case of a favourable opinion by the law officer. 

. Clause 16.—On payment of certain fees from time to 
bernie 7 be ards a, Senegal 
term of twenty-one years, without power of prolongation. 

Note.—This extended time is not to apply to patents 
existing at the date of the Bill becoming law. 
sip spaslieadions apliaiphy oupet cnaading een 20 0 

i ion, way of correcting error, as a 
present, but also by way of explanation, supplement, or 

ise, provided that the supplemental matter could 
prcgeny Deve. pees. oeindes within the t had it been 

mind of the inventor at the time the patent was 
taken out. 

6. Clause 18.—The Crown is to royalties in the same 
way as a subject them, with this qualification, how- 
ever, that the shall be compelled to allow the 
cits egconeut tote eolaee she ‘Teeasarg’ with the 

i y, , with the 
advice and assistance of the Commissioners of 

7. Clanse 19.—The patent shall be revocable 

cannot sho 
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wisien nl “ is Pr yorserer there should be 
as to priori! protection, arising 
with which Bw formal acts may be 







remaining as at present, with a further payment of 1001., 
to be made in the twelfth year, for the purpoan of prevent 
ing the patent lapsing at the end of the fourteenth year, 
and of continuing it untél the twenty-one —. 

ions 


The Committee will now give the resolu purposes, and/under alllci 


upon —— a a ae they wil sabe the | should be reckoned as from the day of application for 
reasons w. ve em resolutions. ] provisional protection. 

They believed that the Bill if altered as mt FR ogra res to the proposed doing away 
would be a better Bill than it is now, but 4 e power of the 7 eee So ene» eee 
the general scope of this Bill with so much } after fourteen y: and to the substitution for this of 
they desire to refrain from any insistence of their of “one years, as ri 4 all patentees, 


views in 
respect of detail, if such insiste: ould be at all likely to 
impede the passing of the Bill thie ceuiientd i aad they hee 


fore beg leave to give here at the commencement asa matter of right 














bbs 
’ carried out by the 
applicant, and they, therefore, recommend that for all 

tances, the priority of patents 
















= 
who, at the end Of'twelve years, pay a further stamp duty 
of 1001., the think it probable that so longa 

ry Ay objected to, and may | s 





of the o 

state of 

Clause 25°9f the Act of 1852, may be altogether 
use 

from the Bill. The Committee desire to be allowed to 

explain their views on this subject. The old notion of a 

patent law was that the inventor was a person ing to 

obtain a for himself at the of the public, 


il amongst those who have not studied the subject, 


record of their proceedings the resolution in whith 4 perilthe Bill, It is true that the Privy Council now | but those who have studied it know that a patent law can 
affirmed their approval of the principle of the recommend y to the extent, in some cases, of | only be desirable so long as it is for the benefit of the com- 
Bill. ‘ as much as seven (indeed longer extensions have | munity asa whole. Those who are acquainted with 
It was moved by Dr. C. W. Siemens, F.RB.S. the | been ded) 5. they only do so on strict proof | the introducing of inventions know that nothing short of a 
chairman of the Committee, and seconded Mr. : ae wever the inyention may be) that the patentee | person ayy A strong interest in developing the invention 
Bramwell, F.R.S., the Secretary of the Commi that: not tufficiently remunerated, while the twenty-one | will cause it to be taken he the more important the inven- 
** The Government Bill, subject to in m years as t,. proposed by the Bill, would obviously be | tion is the greater being the indisposition to adopt it, since 
meets with the entire approval of this Committee.” accepted by every us patentee, and thus a more | its introduction may involve the disuse of existing plant 
The following paragraphs give not only the views of the | than sufficient Pin gum might be made by the public for | and machinery, the expenditure of fresh capital upon plant, 
Committee in respect of the modifications.of those clauses | the disclosure bringing ix pecetion of the tion. | and the teaching of workmen to follow new processes. One 
which, in the judgment of the Com can be bene- | Influenced by these cc atic Commi are | who knows the subject from its very foundation has trul, 
ficially altered, but also the expression of the val of | inclined to ven: aint ge daration of | said, that if an invention ‘‘ were found lying in the stree 
the Committee of ‘certain new clauses in. the which Ep in the United be adopted here. | it would be for the benefit of the community that a father 
appear to be entirely satisfactory as they now stand: the Bill were thus would become should be to it, so that there ht be some one 
Clause 5.—The Committee observe with regret that, | to alter the times of paymént of the various stamp duties, i oo tial interest in its development.” 
while providing for extra Commissioners, no tion is | and as the Committee are years, 4 of the present Act of 1852) is 
made that these should be paid; and, in_ the | the date of the patent (which two years from id ether on that itis to the interest 
‘* Memorandum” printed with the Bill, the new Com- | cessation of the provisiotial protection) is so short a time | of the community to be in possession of what the Com- 














missioners are described as “‘ unpaid.”” If the additiona! | as in many instances not to suffice for such de 
Commissioners are to be of real use, they must devote them- 
selves continuously to the conduct of 
Patent Office, and this cannot be e 
payment. On this point the Committee eame to the Ww 
ing resolution : 






Resolved unanimously, ‘‘That this Committee is of} The following is. the in which the Committee 
opinion that the five Commissioners to be appointed should | have embodied their opinion s subject : 
id Commissioners.” ; Resolved unanimously,— this Committee would 
auses 7,8, and 9.—The Committee consider the ex-| have thought an extension from fo n to seventeen years 
tension of the provisional protection to twelve months to be | sufficient compensation for the loss of the power to apply 
desirable, but they observe that, as the patent may be | for a prolongation, but whether the seventeen or twenty-one 
opposed at any time within the “ p ibed time,” and as | years be.adopted as the term of patent, the Committee 
as i orders or are of opinion that the time of cesser and the da 


certain that the ‘‘ prescribed time’ may-not be so 
as to enable Ser gee to be made after the complete speci- | of pa’ 

fication is published, as it must be after ninemonths, at the| Clause 17. Faker pe 7 by amend,’ by way of supplement, 
latest, from the date of the patent. If the ‘‘ ibed | is, in the judgment of Committee, a most important 
time’’ were thus extended, all opponents would wait until | im it. \ ke 

the complete specifications were public, and then would 18.—The Committee. hold the same opinion with 


have an opportunity of conducting ee ition with | respect to the provision that the Crown shall pay ro 

the sega dabssallen and expense that bestowed | for the use of a patent, me ine fe some 

in impugning novelty = a defendant ina patent action. | machinery could be devised failing agreement) 
The applicant also would be put to similar cost, and thus | what the pagely should be, but they have no suggestion 
the benefit conferred upon a poor inventor by the reduction | to make onthe subject. 

in the fees to be paid on ‘obtaining a patent wouldbe much| Clanse 19.—This clause, it will be seen, makes a patent 
more neutralised, and in lieu of the ay of nine patent | voidable after three years on either of two grounds, failure 


causes per annum, which prevails under the present law, 
there would in effect be as many causes as there were op- 
positions to the sealing of patents. And while considering 
this subject, the very serious demand upon the time of the 
law officers which would ensue upon tions thus con- 
ducted must not be lost sight of. On i i 
notwithstanding the apparent logic of the 
present an opponent is Opposing e knows not exactly what, 
while under the suggested prescribed time he will be left in 
no doubt, the Committee are of opinion that, asa matter 
of practical working, opposition on open documents is not 


ex ent. 
he Committee have embodied their views on this sub- 
ject in the following resolution : 
Resolved unanimously—‘‘ That this Committee, fearing 


e patentee; and 
egrcnst semen, on terms to 


cellor. 
It appears to the Committee that if the second of these 
conditions be , the first is unnecessary, as it is 
clear that a patent cannot be regarded as an ob- 
struction to when any responsible manu 


to. use it can do so by. paying & 
ria wepelly; aad’ the Comuiiies aller Dak tae 
vention relates 









to use or to Broperly feos and Fl a ei pant oes 
imposed : Chan- 


believe that the 


mittee may perhaps be pardoned for styling ‘‘ orphan in- 
ventions.’ y 
|. Farther, with respect to Section 24 (25 of 1852) being a 
Pelic of an antiquated state of things—when the means of 
i m countries were limited, and inter- 
were rare, when the technical literature 
not circulate in other lands where a 


co! 
national tra 
of one country did : ) 
different language was spoken, it might be that if an in- 
ventor did ane por his invention in a foreign country the 
forek would remain ignorant of it, while if he did so 
pa it, he would afford the information to the foreigners, 
and 80, if after a time his foreign patent came to an 
end, foreigners would be in a be gaa than any 
British subject if a patent for the inventi i 
il here. But under the existing condition of extended 

(im bey of the interchange of technical literatare, 
the idea that the foreigner will only know of an invention 
aman Coving bese ted in his country is manifestly 
untenable, thus there is no reason why a man who has 
taken = oxpay in wn _—e for oe iat 
should be on a different footing, as regards the 

tent, from that on which he would have been had he re- 


from teking out those patents. Many cases of 
hardship have been inflicted by virtue of this Section 

of the Act of 1852, and harm to the public has resulted 
m. Committee trust that the framers of the 

present Bill, who are obviously desireus of introducing a 
méasure conceived in the interest of the community at 
large, will not hesitate to get rid of this Seetion 24. The 
Committee have embodied their views on this subject in the 
following resolution : 
Resolyed unanimously,—‘‘ That the Committee advise 
that Clause 24 should be struck ont, as they are of opinion 
that it would be desirable to deal with foreign inventions 
upon the same terms as English inventions ; and are 
further of opinion that the duration of an English patent 
sneer ected by the determination of any foreign 
Another detail in the Bill to which the Committee desire 
to call attention, is a provision in Clause 46, by which one 
Commissioner may be empowered to act for the whole body. 
This appears to the Committee to be very inex: mt, and 
they would be glad to see this clause altered the form 


that if oppositions nducted the ex- |} commerce has made an vement in blast or | which it has as Clause No. 55 in the Government Bill of 
penses of these cqpediens. tad the time occupied, will be in steam navigation. in these cases the inventor is at the | 1877. The resolution of the Committee on this point was 
equal to that of an action upon a patent, deem: it desirable | mercy of those who own blast furnaces, or who own ocean | as follows : i ss : 
that the prescribed time should [not extend beyond nine | steamers, and it is quite conceivable that such Resolved unanimously,—“ That the Committee are of 
months from the date of ‘application, and that these oppo- ¢ band themselves together to prevent the use of the on that h 46 ought to be left the same as 55 
sitions should be conducted as at present without open during the first three years of its existence. Bear- | of the Bill of 1877. é 
et RR Tool ps a pe a rg agg 
bad i i ivi a exis e co ep rom 251. . 10s., m- 
pn ry fee ph as is | ject to com licenses would not be an + | mittee entirely concur with it, and they believe that the 


the applicant for a patent the same power of a) 
possessed by his opponent. ne 
Clause 15.—Clause 15 has not been referred to amen Galion sernest 
the principal novel features, because’ it is a i they trust the 
the 18, 19, and 23 of the Act of 1852; the Com- 
mittee believe an alteration might be i 
Under the existing law, and under this Bill if it 
law, an — for a patent whose isi 
bears a later date than the provisional i 
another applicant may make earlier i 
seal, and if he does so it is within 
Lord Chancellor (and the Committee 
power has been exercised) to date the patent of the first 
applicant later than that of ,the second; and’thus the first: 
applicant is put to a great disadvan’ -* Under these 
circumstances there is a temptation for applicants to ob- 
tain the seal as early as possible, whereas it appears to 
the Committee that an inventor should be if he 
is in the least doubt, to use the whole of thetime 
him before he need apply for the seal to ascertain whether 
his st invention is new, also whether it can be 
tion, and that a person thus 
, as the Committee have said, 
7 he operation of the clause would be 
to he inventor to obtain the seal as early as possible, 
lest, by delaying to do so, he should lose his priority as a 
The Committee embodied their opini is point i 
—e pinion on this point in 


ution 
Resolved unanimously,‘ That the Committee are of 


the man 1, Uae Comnneiies Cotten 
one pe 
words which were in 


of Sub-Section 5, 
an imported inven- 
months after the 
a restriction which 

that of Seation 35 ee th 
i th r) nm e 
section is practically the same as snd hus . is that the 
Committee ha ittedfall itin 
rincipal changes given at the outset of this report. The 
mittee, however, feel so stro: tha 
of the Act of 1852 was based upon the old erroneous notion 





his page mee i egy ay Re ald paper cme yr | 


fog of 501. at the expiration, not of three years, but 
as already been mentioned, of four years, is a 
provision for getting rid of valueless patents. The other 
payments they also concur in, but with the modification in 
point of date which have been already mentioned. 

Finally, the Committee respectively suggest to the 
Council of the British Association that they should appoint a 
deputation from the Council, with such other members of 
the Association as the Ccuncil may select, to wait upon the 
Government to urge the of the Bill this session, 
with such amendments in detail as, on consideration of the 
aun of your Committee, the “‘ preparers” may see fit to 

pt. For the Committee— 
WILLIAM SremeEns, Chairman. 
F. J. Bkamw3u, A 
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vertical line giving, to a vertical scale, the weight of a bolt 
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DOCKYARD PROFESSIONAL 
OFFICKRS. 

In dealing with matters relating to the organisa- 
tion of our Royal Dockyards it is important to bear in 
mind that these establishments are not the growth 
of a few years only, or a few score years, but 
that their history extends back, at least that of some 
of them, over several centuries. It is not to be ex- 
pected, therefore, that their administration will be 
found on examination to be in all respects free from 
rust, or wholly in accordance with modern ideas. 
We have to remember that Portsmouth Dockyard 
existed in the reiga of King John, at the beginning 
of the 13th century, and that Woolwich, Deptford, 
and Chatham Dockyards date from the time of 
Henry VIII. 

Of these early times we have only very slender 
records, but they are sufficient to show that our 
countrymenof theday were by nomeansdistinguished 
as naval architects. We am | of skilful foreign ship- 
wrights being allured, chiefly from Italy, by the 
hope of gain or by the honours and distinguished 
countenance paid to them by the king, just as we 
now read of distinguished Englishmen being féted 
at the courts of Czars and Mikados. Comin 
down to the begianing of the 17th century we fin 
the designs of our war ships submitted to the ap- 
proval of a newly formed city company, ‘‘ The Ship- 
wrights’ Company,” which exists to the present day, 
but shorn of most of its importance and preroga- 
tives. We here find the designing work for the 

Navy in the hands of a very distin inguished family, 
the Petts (Phineas and Peter), father and son, who 
were men of learning and succeeded each other as 
chief engineers or chief constructors of the Navy. 

About the middle of the 17th century Sir Walter 
Raleigh wrote at considerable length on the condi- 
tion of our Navy, and he did not fail to exercise a 
very beneficial influence upon it. 


Charles II. took great personal interest in the 
Navy, and in his reign Sir Anthony Deane is sup- 
for the first time to have applied mathematical 
calculation to naval architecture, estimating the 
draught of water the ships would float at by the 
law Tissovered by Archimedes that a body floating 
in a fluid displaced its own weight of that fluid, 
The days of the Stuarts were some of the best 
early days of our Navy, and they were followed bya 
period of neglect and consequent inefficiency which 
went far towards losing us our maritime supremacy. 
In the early part of the 18th century, instead of 
continuing to make improvements in our ships, we 
kept to old types, rebuilding the old ships instead of 
designing and building new ones, and as a conse- 
quence in our great struggles against the French dur- 
ing that century it was found that the French ships 
could outsail ours and give or avoid battle at their 
pleasure. This caused great disappointment and 
excitement, and the master shipwrights of the 
different dockyards were requested to send pro- 
posals for modifying the dimensions of the — of 
the Navy as it is sometimes proposed they should do 
in the present day. Changes were made but without 
much success, and we had to fall back on the humilia- 
ting practice of copying the models of any French or 
Spanish vessels our officers could capture, and build. 
ing from their lines. Throughout the wars of the 
reign of George III. our ships continued inferior to 
those of France and Spain. A high authority says: 
“The skill of our commanders and the indomit- 


able courage of our seamen, eventually succeeded in 


these, as in all former contests, in ——— 
opposition, and in triumphantly asserting our na 
supremacy. It cannot denied that their task 
would have been comparatively easy, accompanied 
by less loss of life and expenditure of treasure, had 
their ships been more upon a par with those of their 
opponents.” 

It is worthy of note that during the 18th century, 
when our Navy deteriorated so much in comparison 
with the navies of other countries and especially 
those of France and Spain, we look in vain for any 
English literature of importance on naval architec- 
ture, whereas in France and Spain some of the 
greatest works extant on the x vad ae ay 
by men like Bouguer, Dupin, D. Bernouilli, Euler, 
Don Juan, and others. As a matter of fact this was 
a period when both the theory and practice of naval 
architecture made rapid strides on the Continent, 
while our own naval constructors were in 
ignorance. This is well shown by the following 
extract from Mr. Creuze’s able memoir in the 
‘“‘ Encyclopedia Britannica,” from which we have 
before quoted. 

a — instance of the ignorance or neglect 
of all the principles of naval architecture among the 
authorities who were charged with designing our 
Royal Navy, even up to the close of the last century, 
may be quoted from an article in the papers on 
naval architecture, as given by Mr, Wilson, then of 
the Admiralty. Mr. Wilson, speaking of the cutting 
down of the Anson, a 64-gun ship, to a frigate of 
88 guns, says she was cut down in the year 1794; 
and although in all other maritime states the science 
of naval construction was well understood, yet so 
culpably ignorant were the English constructors, 
that this operation, so well calculated, when properly 
conducted, to produce a good ship, was a complete 
failure. Seven feet of the — part of the top- 
sides, together with a deck and guns, making about 
160 tons, were removed, by which her stability was 
greatly increased; but, by a complete absurdity the 
sails were reduced one-sixth in area. In her first 
voyage the rolling was so excessive, that she sprang 
several sets of topmasts, To mitigate this evil, in 
1795, her masts and yards were increased to their 
original size ; but as there was no decrease of ballast, 
she was still a very uneasy ship, and as a necessary 
result her wear and tear were excessive. 

‘* Other sixty-fours were cut down, masted, and 
ballasted in exactly the same manner, and it need 
scarcely be added experienced similar misfortunes ; 
and although they were improved by enlarging their 
masts and yards, they were still bad ships. 
their Pree saci Tr been scientifically conducted, a 
class of frigates would have been continued in the 
Navy capable, from their size, of coping with the 
large American frigates; and thus the di r we 
experienced in the late war, from the superior force 


of that nation, would without doubt have been not 
merely avoided, but turned into occurrences of a 
quite opposite character.” 





Errors of a similar character may, as we shall 
show hereafter, be traced to a mach more recent date, 








but about the time to which our quotation refers, 
things had reached their worst. The closing years 
of the last century and the opening years of the 
present one show many signs of an awakening in 
this country to the importance of fostering the 
science and art of naval construction. In 1796 and 


1798, Atwood read some im t papers on the 
stability of ships before the Society. In 1791 
a society for the improvement of naval architecture 


was instituted. Beaufoy’s experiments on resistances 
were made between 1793 and 1798. A Royal 
Yacht Club was instituted with a view to en- 
couraging the improvement of yachts and ships, and 
in 181] the first school of naval architecture was 
established in Portsmouth Dockyard, while besides 
this the Navy was fortunate in the services of Sir 
Robert Seppings, who introduced many t im- 
provements in naval construction. Many of the 
steps taken about this time point to a state of un- 
easiness in the country as to the condition into which 
the Navy had fallen. 

From this point, too, we might perhaps date the 
beginning of the present dockyard system of ad- 
ministration in some of its broader features, al- 
though, as we shall show, many great changes 
have been introduced since that time. A Com- 
mission of Naval Revision had been appointed in 
1806 to examine into the management of the dock- 
yards. They drew attention to a fact which illus- 
trates to some extent how the superior officers of 
the dockyards were trained prior to this time. The 
master shipwrights of the dockyards and the 
assistant master shipwrights had been permitted to 
take private apprentices, receiving high fees with 
them. ‘‘ By this system,” says Creuze, ‘‘young men of 
superior early education, and of superior standing to 
the ordinary shipwright apprentices, had been 
trained in the higher branches of the profession, and 
their further scientific and theoretical education had 
been attended to, while at the same time they had 
acquired a knowledge of practical shipbuilding by 
being employed amongst the workmen.” ‘This 
system been stopped, and the state of the Navy 
during the years that preceded the abolition of this 
system, rather suggests the idea that Mr. Creuze has 
placed too high a value on the training bestowed 
upon these apprentices. It is more than probable 
that they did not obtain those high qualifications he 
mentions, although they were, perhaps, supposed to 
do so, and this consideration might have weighed 
enous others in bringing about the change, Atany 
rate the Commissioners finding the supply of master 
shipwrights’ apprentices stop ‘* considered it ex- 
pedient that some means should be oy to supply 
the future demand for such men to fill those higher 
civil situations in which scientific grr. is indis- 
pensable for the due performance of the duties.” 

The rt of this commission led to the establish- 
ment at Portsmouth of the first Royal School of 
Naval Architecture in, as we have stated above, the 
year 1811. The system of master shipwrights’ 
apprentices appears however to have been revived 

rwards for a time, but without the payment of 


fees. 
From the beginning of the present cen down. 
wards the history of the dockyards is full poy Brass 


It should be studied carefully by every one wishing 
to master the intricacies of our naval nistration, 
It shows as well as-anything can do the struggles 
that have been going on for years in the naval 
service, not so much between individuals as between 
classes, for power and influence in the construction 
of our Navy. During this time there are periods of 
great movement when vast and important chan 

have been brought about, when every effort 

been made to foster and promote the science of 
naval architecture and the progress of naval con- 
struction. At other times we find periods of 
stagnation or of reaction, when little or no progress 
was made, when rule-of-thumb was rampant, and 
when institutions established at great expense for 
purposes of technical education were ruthlessly 
shut up without reference to the past history of 
the Navy that had abundantly manifested the 


Had | necessity for machinery of the kind. It is curious 


to note that Sir James Graham, a First Lord of the 
Admiralty, whose authority is often quoted in the 
House of Commons, is considered in the dockyards 
as the chief enemy of technical education, and he 
has the unenviable reputation of having unwisely 
abolished two successive schools of naval architec- 
ture, and of having done much to impede the march 
of enlightened p inthe dockyards. That his 
policy was essentially wrong in this respect is 
abundantly 


shown by the action of his successors to 

















210 ENGINEERING. | [Sepr. 12, 1879. 
the present day. The schools abolished by him for; influence the second establishment of the kind was| Naval College, so far as it has , we cannot at 
economical reasons were but com: with |}founded. This was started in 1849 under the title | present g at all fully, but this we may say with 
the establishment maintained at the Royal | of the ‘Central Mathematical School,” and was in-| certainty of the vast — of men trained at those 


Naval College, and the tendency is ‘yet to seek still 
further to promote technical education, We can- 
not now trace in detai) the various changes made 
from year to year in the different departments of 
the dockyards, but an idea of the general drift 
of events may be guined by glancing ang | at 
the various educational changes introduced from 
time to time. The first of the schools of 
naval architecture lasted from 1810 to about 1833 
and turned out a great many men specially trained 
for dockyard officers. One great mistake had been 
made, however. The number of students turned out 
of the college soon exceeded greatly the number of 
vacancies there were for appointments, and as a 
consequence men trained at great expense were 
kept for a ss om S. years in v omnes 

itions, and great di intment, discontent, an 
Inefficiency was the sal t. Our ships continued to 
be as badly designed as heretofore, whilst these 
trained officers complained they were kept in inferior 

itions where they had no opportunity of showing 

ow they could bring about improvements. 

This state of things continued until 1832, when 
the old ‘Navy Board,” which had controlled the 
design for war ships during this period, was abolished, 
and Admiral Sir William Symonds, a naval officer 
without training as a naval architect, was appointed 
Surveyor to the Navy. This created much conster- 
nation among the professional officers, and many 
and bitter controversies arose which lasted over a 
considerable period, Sir W. Symonds, although 
only an amateur so far as naval design is concerned, 

the merit and the power to break through the 
trammels which had before bound the dimensions of 
our ships of war. He originated a new type of shi 
that will always bear his name, bold as it was nov 
in those days, with great beam and peg-top bottom, 
that required little or no ballast, and was very fast 
under canvas. These vessels had their failings, were 
bad rollers, and were severely criticised, but for a 
long time they carried the day, and Sir W. Symonds 
held his own. It was about this time that the series 
of ‘‘ Papers on Naval Architecture” a » which 
are to be found in most professional libraries at the 
present day. Many of these were well written, 
although others appear hypercritical and partake 
too much of the tone of a man with a “ grievance,” 
The year after Sir W. Symonds was appointed 
Surveyor to the Navy, the School of Naval Archi- 
tecture at Portsmouth was shut up. 

A Y am change, however, was impending over 
the Navy, which had a most important bearing on 
the course of events. Steam vessels were spreading 
rapidly in the mercantile marine, and it was be- 
coming evident that it could not be long before it 
would have to be introduced into our Navy. Sir 
William Symonds failed in the steps ne to 
bring about the change, and it led eventuall 
to his retirement. In 1842 Messrs. Read, Chatfiel 
and Creuze, the most distinguished, members of the 
then defunct School of Naval Architecture, were 
commissioned by the Admiralty to report upon the 

uirements of the Navy, and they drew up an 
elaborate report, which was well received, 

In 1846 a Committee of Reference was appointed 
to which all designs were to be submitted for ap- 
proval. This pointed so gr ig bag a limitation of 
confidence in the Surveyor of the Navy, that Sir 
William Symonds resigned the surveyorship, and 
was succeeded by Admiral Sir Baldwin Walker. 

Before the fall of Sir W. Symonds it had been 
felt necessary, in the absence of the School of Naval 
Architecture, that some steps should be taken to 
provide for the training of future dockyard officers, 
and about the year 1840, schools were established in 
the several dockyards for the teaching of apprentices. 
These schools exist to the present time. About 
1847 the further step was taken of making promo- 
tion in the dockyards depend upon the results of 
competitive examination. 

Sir Baldwin Walker, although nominally at the 
head of the designing work for the Navy, was as- 
sisted by a staff or board of professional officers who 
must —_ with him ey uate credit - due an 
prom , en , and foresight in conducting the 
recudrastion of the fleet, from sailing vessels to 
steamers, once the matter was fairly taken in hand. 
These men, most of them trained at the School of 
Naval Architecture, and knowing the importance of 
scientific knowledge to the de t of their 
Loar gas aly eager to witness re-establish- 
ment of Portamouth college, and under their 





tended to provide a higher course of mathematical 
and professional study for those of the apprentices 
who most distinguished themselves at the ordinary 
dockyard schools. 

This school lasted only a short time, but it lasted 
sufficiently long to train the men who in more re- 
cent times have conducted changes in the Navy 
more vast than that from sailing ships to steamers. 
Mr. E. J. Reed, Mr. N. Barnaby, and other names 
familiar to the public in connexion with the revolu- 
tions which brought iron-built and ironclad men-of- 
war to replace the old wooden line-of-battle ships, 
were trained at this second school of naval archi- 
tecture, although it lasted but four years before it 
came like its predecessor under the reforming or 
rather destroying hands of Sir James Graham in 
1853. 

An impetus had been given, however, to study at 
the dockyards, which never afterwards lost its in- 
fluence. Competition by examination was instituted 
for the entry of apprentices, periodical examina- 
tions were held, and prizes awarded, and a mode- 
rately high standard of education was kept up. 
Indeed, the passion for competitive examination 
throughout the dockyard service at one time 
almost became a mania, Every year vast numbers 
of men and officers went up for examination at 
stated times fixed by ‘Admiralty order, with a view 
to promotion, not because there was a vacancy, but 
on the chance of a vacancy turning up during the 
year. Nearly all were free to compete. Some went 
up to keep their hands in. Others to save a few days’ 
hard work. The few likely to be successful of 
course took the matter au serieuz, and unless a 
vacancy occurred they had the mortification of hav- 
ing to go through the same performance the follow- 
mare. 

his reached absurd heights about 1860, and the 
system of annual competitions for imaginary vacan- 
cies soon gave way to one where the examinations 
were held at i periods having some reference 
to the time the vacancies were likely to present 
themselves. 

It was felt, however, that all this bustle of ex- 
aminations left one important element unprovided 
for, viz., the higher training which had been sup- 
plied by the schools of naval architecture, and with. 
out which no constructor can make great and ra- 
dical changes in naval design and construction with 
absolute certainty. 

As it was the men of the first school of naval ar- 
chitecture who recognised the necessity for the 
second one, so it was the men of the second school 
who recognised the need of a third, and by their 
influence, backed by distinguished assistance from 
outside, notably by the Institution of Naval Archi- 
tecturo, the third School of Naval Architecture was 
formed in 1864. This lasted until 1874, when it 
became embodied in the Royal Naval College, and 
as part of the larger establishment it is safe, let us 
hope, from the destroying hand of future reformers 
of the type of Sir James Graham. 
ce will : 

t in spite of many changes an ctuations, there 
has been throughout the present century a visible 
tendency towards ing the royal and 
the Admiralty service self-contained, so to speak, 
so far as the education and training of technical 
officers is concerned. The vitality of the movement 
in this direction, in spite of periods of bitter hostility, 
and its obvious tendency to become a permanent part 
of the dockyard organisation, form the strongest 
proofs of its necessity, and constitute the strongest 
arguments in favour of its wisdom and expediency. 
The system arose and has been maintained doubtless 
owing to the impossibility of obtaining with certainty 
a supply of such officers from outside Her Majesty's 
service as are required for dockyard and Admiralty 
work. Itis peer only of late years that scientific 
acquirements have spread to any largeextent amon 
the shipbuilders of our mercantile marine and their 
employés. The movement if young, however,: is 
nevertheless earnest, and it is not by any means likely 
that the pre-eminence of our private shipbuilders and 
marine engineers in mechanical skill and enterprise, 
will be abated, it will rather be increased by their 
grasping somewhat more firmly and understanding 
more clearly the fundamental principles and laws 
which govern the performances of the ships and 

ines they turn out. 
the measure of success achieved by the most 
recent Schoolof Naval Architecture and by the Royal 
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establishments, that the Government have utterly 
failed to provide them with situations at all in keeping 
with the expense of their training or the severe 
mental labour they had to undergo to get through 
the prescribed course with credit. It seems in- 
credible, but is nevertheless true, that men carefully 
trained at an expense to the coun of many 
hundreds of pounds each, are afterwards kept for ten 
or a dozen years in irresponsible positions on little 
more than workman’s wages, during which time 
they become less and less useful through sheer dis- 
appointment and disco ent instead of develop- 
ing into the type of officers the school was intended 
to create. This is the bane of the whole system, as 
we shall show hereafter at greater length. Its first 
effect was seen to be an exodus from the Govern- 
ment to other employ. Instead of removing the 
cause of the evil the Admiralty placed succeeding 
students under a bond. At the present moment 
every dockyard student who undergoes the course 
of study at the Royal Naval College, Greenwich, 
‘must join with their parents or ians in a 
bond for the sum of 250/. to serve under the Ad- 
miralty for seven years, if required, after the com- 
pletion of their apprenticeship”! They have, it 
must be remembered, but just completed an 
apprenticeship bond for seven years, and now have 
to start on the second seven years. This is indeed 
bartering liberty with a vengeance for a peep into 
higher mathematics, and reminds one of patziachal 
da The contract is of course entered into 
voluntarily, but the principle of it is vicious, 
and it is discreditable to the Government of this 
country, that they should resort to such an ex- 
pedient for keeping underpaid men in their employ 
rather than pay them sufficiently well to fies 
them to remain voluntarily. We venture to say that 
no private employers of labour in this country would 
barter educational facilities for such terms. It is 
doubtful indeed whether the law would support 
them if they did. Let us put a case somewhat 
similar. A man takes an apprentice for seven years 
and undertakes for his services during that period to 
teach him the art of shipbuilding. Before the com- 
letion of the term, however, he extracts another 
nd of servitude for further seven years in return 
for certain scientific teaching necessary to his com- 
plete training as a shipbuilder, Would not the first 
indenture invalidate the second? But whatever the 
legal aspect of the case may be, it needs no argu- 
ment to show that the practice is as foolish as it is 
illiberal in dealing with servants whose usefulness 
depends entirely upon their energy and loyalty, and 
the freedom with which they work their brains in 
the interest of the service. 

It is curious how practices like this can go on for 
years in Government departments without attracting 
outside notice, while if tried in matters of private 
business they would immediately excite remark and 
indignation. It is however the same with other 
matters connected with dockyard administration. 
Our space is limited, or we might show that dock- 
ard officers and workmen are daily submitted to 
indignities that would not be tolerated by working 
men in other employments of the —- The fact 
that numbers of the workmen are picked out by 
policemen ae time they pass out through the 
yard gates and have their pockets searched as if 
they were thieves is a sufficient indication of what 
we mean, How this and similar treatment affects 
the morale of the dockyard officers and employés in 
their views and treatment of Government property 
we must reserve for another occasion. 


PROVINCIAL SANITATION. 
In the last volume of ENGINEERING several articles 
appeared on the above subject, founded on reports 
t were received from medical officers and other 
authorities dealing with sanitary matters, more 
especially in reference to the manufacturing dis- 
tricts of the West Riding of Yorkshire, of Lan- 
eashire, &c. For the following facts we are in- 
debted to reports furnished by Dr. Barry, the 
medical officer of health to the Joint committee of 
the combined sanitary authorities of Craven, in- 
cluding Settle, Skipton, Keighley, Silsden, &c., 
embracing manufacturing and partly rural districts. 
We regret to find that the statements we have 
already made in regard to such districts in York- 
shire are equally true in reference to the places 

just mentioned. - 
In the general report for the Craven district, Dr. 





























Sepr. 12, 1879.] 


ENGINEERING. 


21 





Barry enters categorically into the results of the 
investigations imposed on him as the medical officer. 
In respect to sewerage and drainage, he states, that 
with the exception of Skipton, which is a well- 
known resort as a spa, owing io its mineral springs 
and bath-rooms, no place in the district can be said 
at present to have a complete system of sewerage. 
The majority of places in the district are totally 
unprovided with sewers ; the common rubble drains 
which were originally constructed to convey the 
surface water, have now to perform a double duty, 
and of course the filth percolates through the walls 
of them, and the water is in many cases polluted. 

The water supply is usually derived from shallow 
wells or springs, or running streams in the rural dis- 
tricts. In some cases there is practically no regular 
supply, instances occurring, as at Barnoldswick, where 
the water is only carted and sold to the inhabitants 
at the rate of a halfpenny per gallon, In reference 
to house accommodation only a few instances of 
over-crowding had been noticed. But the houses 
are usually damp, the ventilation is defective, and 
the back-to-back system, to which we have fre- 
quently adverted in previous articles as so pre- 
valent in the West Riding of Yorkshire, is common. 
The house drainage seems universally defective, 
the drains are bw gs the soil pipes of the closets 
are rarely ventilated, where such closets exist. In 
respect to the disposal of excrement, it appears 
that, with the exception of Skipton, which is well 
supplied with water-closets, there only exists the 
covered cesspool-privy or the old Yorkshire midden. 
In some cases even this abomination is deficient. Dr. 
Barry states that at Haworth he found no less than 
fourteen houses having the use of only one privy! 
We have already described these abominable re- 
ceptacles, and therefore need not follow Dr. Barry's 
details. It is almost needless to add that if one 
family is suffering from zymotic disease, others are 
sure to be infected from this use of a common re- 
ceptacle. It appears that the removal of the effete 
matter by scavengering is most carelessly attended 
to by the authorities. The contents of the middens 
consist largely of cinders, consequently the farmers 
in the adjacent districts do not care to buy them, 
especially as most of the land in the neighbourhood 
is used for grazing. 

Dr. Barry, in Sis general report, gives several 
Tables from which the following results are arrived 
at: The annual rainfall of the various districts 
ranges from 37 in. to neariy 70 in., or about double 
that of the south-east of England, on an average. 
The mean daily temperature at Buckden for 1878 
was 51.064 deg. Fahr., the lowest being in December 
31.91 deg., and the highest in July, 68.16deg. But 
it must be borne in mind that throughout England 
last year the average temperature was exceptionally 
high. In respect to the general sanitary summary 
of his district in 1878, Dr. Barry gives the following 
statistics: Acreage, 338,652 ; estimated population, 
in 1878, 67,992; inhabited houses, 13,530; total 
births, 2197; deaths, 1352; birth-rate per 1000 
living, 30.84; death-rate, 19.88; deaths from the 


seven principal zymotic diseases per 1000 amounted 
to 2.1; deaths of children under one year old, that 
is, percentage of total deaths, 24.65; deaths of 


children under one year old to registered births, 
15.28; of children under five years old, 36.09 to 
percentage of total deaths ; and similarly there were 
30.0 of persons of 60 years old and upwards in per- 
centage of total deaths. 
In a series of separate and elaborate rts, Dr. 
has given details of each portion of his dis- 
trict. Into these we cannot enter. They simply 
prove that, at present, the Craven district, like 
others in Yorkshire and Lancashire, is eminentl 
defective in almost every requirement essential to 


sanitary progress. 





A NEW CEMENT. 

Tr is nearly a year since we noticed in this journal 
(vide 302 of our twenty-sixth volume), the 
invention by Mr. Frederick Ransome of a new hy- 
draulic cement ssing qualities which rendered 
it a very valuable material for many artistic and 
decorative p At the time our notice ap- 


peared Mr. Ransome’s patent for his process of 
manufacture had not been completed, and we were, 
therefore, unable to enter into but we now 
return to the subject, and rot 

readers further particulars 
ee al 


to lay before our 
Mr, Ransome’s new 


is well known the materials em in the 


Y | it had to be mixed, baffled all attempts to 


tained from alluvial deposits—such as is to be found 
on the banks of the Thames and Medway—and 
chalk, these materials, after being ground together 
in water (to produce the mixture known technical] 
as slurry) being burnt with coke in a kiln at a hig 
temperature. Of late sag the details of this 
process of manufacture have been much improved, 
and numbers of the leading firms are now supplying 
regularly cement having fully twice the strength of 
that which could be obtained only a few years ago ; 
but notwithstanding this the materials used have 
remained the same as those employed when Port- 
land cement was first introduced by Mr. Joseph 
Aspdin, of Leeds, to whom a patent was granted in 
1824. 

When employed in decorative purposes a great 
objection to Portland cement is its colour, this 
objection—which is due mainly to organic and other 
matters mixed with the materials employed—being 
particularly strong when the cement is exposed to 
wet or moisture. It was to removing this defect of 
colour, while retaining the other properties of Port- 
land cement, that Mr. Ransome’s experiments were 
first directed, and as we mentioned in our former 
notice he succeeded in the production of a cement 
which, while having great strength, was absolutely 
colourless, or which could be tinted as desired. 

Mr. Ransome commenced his operations by sub- 
stituting previously washed kaolin for the Thames 
or Medway deposits, and burning the mixture in 


retorts or mufiles, so that the material was pro- 
tected from the direct action of the heated products 
of combustion. By this means he obtained a beau- 


tiful white cement, which in the course of a few 
hours set remarkably hard, and was capable of re- 
ceiving a polish resembling Carrara marble. He 
also found that the material was still further im- 
proved by the addition of a portion of soluble silica 
obtained from some of the natural mineral deposits, 
such as the beds near Farnham, or preferably from 
the deposits in the New England States on the other 
side of the Atlantic. The relative proportions of 
lime, alumina, and silica which he found to be de- 
sirable in the mixture after burning, were: lime, 
60 parts; alumina, 12 parts; and silica, 22 parts. 
When a tinted cement is required instead of a white, 
the desired colour can readily be obtained by the 
addition of pigments, such as ochres or iron oxide, 
during the grinding. 

Although the results obtained by the process 
just alluded to were in every respect most satisfac- 
tory, as regards the material produced both in point 
of hardness and general appearance, it soon became 
evident that however valuable this cement might 
be in an esthetic point of view for decorative and 
artistic purposes, it could not be produced at a 
price to render it commercially available for the 
numerous constructive purposes for which the well- 
known Portland cement is now so deservedly in de- 
mand. Under these circumstances, in casting about 
for the best source of supplies of silica and alumina 
in a condition most favourable to enable them to 
combine readily with lime at a comparatively low 
temperature, Mr. Ransome was led to the conclu- 
sion that the very thing required was to be found 
in any quantity, and capable of being ms at a 
cheap rate and in a very favourable condition, as a 
bye product which is now of little or no value, and 
that is blast furnace slag, which consists of silica, 
alumina, and lime. ; 
Many attempts have been made by various 
parties to utilise this material in the menpens of 
manufacture of cement, but the cost attendant upon 
the reduction of the to a sufficiently fine state to 
combine properly with the additional lime with which 
roduce 
with it a good cement ata price that could com- 
pete with the Portland cement now in general 
use. This difficulty of dealing with the furnace slag 
was, however, removed by the invention of Mr. 
Charles Wood, of the Tees Iron Works at Middles- 
brough, who, in the year 1873, obtained a patent 
for granulating slag by running it direct from the 
furnaces into water, a process which we described 
in this journal some time ago.* This granulated 
stag, or “slag sand” as it was called by Mr. Wood, 
was found on analysis to contain : 


Silica ... a 88.25 
Alumina eve <0 « 22.19 
Lime i. owe 81.56 
SieeeeAAAD as:3i ail) couse! « 2.95 
Protoxide iron... aa ) wi 91 

The slag sand so produced is of a most agreeable 


light buff colour, and may be easily reduced to the 
finest powdse by pressing- between the fin and 
thumb, and.by mixing } of it inti “with 
from 1 to 9 parta by ‘weight of chalk ‘or limestone, 
and burning the mixture at a moderate’ temperature, 
there is produced, an émin © cement, 
which compares most favourably. with . the. best 
manufactured Portland cement of the present day. 
It may be.noted as an especial advantage attending 
the employment of slag sand. in this way, that, 
the materials composing it: —— 
pao, a burnt together in the blast furnace, the 
severe required in the ‘ordinary process of 
cement manufacture is rendered unnécessary, 
Samples of Mr. Ransomie’s new’ cement: have 
recently been carefully tested at the cement works 
of Messrs. Gibbs and,Co., of Grays,. under the 
direction of the manager, Mr. D. Lincoln Collins, 
and we annex a) Table, in which the result of these 
trials are given ‘side by side with those. obtained 
Comparative Tests of Strength between Portland Cement 
on hing 128 A ter Bushel and Ransome’s ‘New 
Hydraulic Cement. 











} Breaking Strain of Samples 
14 Inches Square giving a. Sectional 
i Area of 24 Square Inches. 
Age. c : 
Pigion. 123 lb, Ransomie’s 
“per Bushel, Patent 
3 Pb. Ib. ° 
2 days eee ‘510 740 
698 870 
a 818 1170 
- we 1800 
5 ove 1330 
ex . .* 1440 
28 ,, 9: 
3 months 1 
 « 1176 
.-2 1219" 
ae 1229° 
2 years 1825 
- 1314 ° 
ee . 1312 ° 
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from an exceptionally good quality of Portland 
cement, the figures: relating to: the latter being 
derived from the valuable experiments of Mr. Grant, 
who by his practical res es has done’ so much 
to elevate the quality of Portland cement during 
late years. It will be noticed that in the Table the 
results relating to the Ransome cement only extend 
to samples 21 days old; other older samples will, 
however, shortly be experimented upon, and we 
hope to lay the results from time to time before our 
readers. Meanwhile it may be noted that. even 
when fifteen days old; the new cement had attained 
a higher strength than was reached by the Portland 
cement in seven years, while itis further particularly 
pr? hy se that ‘the Raey > cemént 7 - 
steadily increasing strength ~w. , 80 that the 
sample 21 days old was probably far from possessing 
the tenacity which will ‘be attained. Alto- 
gether Mr, Ransome appea have produced a 
very valuable addition to our constructive materials, 
and we shall watch the future deyelopmeat. of his 
invention with much interest. 





THE MANX NORTHERN RAILWAY. 
Tu18 new line, which connects.Ramsey and the north 
of the Isle of Man with the main line of the Isle of Man 
Railway Company, completes the railway system.of the 
island, so far as the connexion of the four principal. towns 
is concerned. It was commenced on the 1st March, 1878, 
and opened on last Friday week, August 29, 1879, haying 
thus occupied one year and six in construction. 
Commencing at the junction at the St,. John’s station 
of the main line the Manx Northern Railway runs 
parallel with that line for a distance of three-eighths 
of a mile and crosses the River Neb by a bridge of 
wrought-iron girders on stonework. The bridge has 
two spans of 30 ft. each. _ The line then rises, 1 in 182, 
to the Peel road; over which it crosses by another iron 
bridge of 50 ft. span. Still rising at the same gra- 
dient, it passes. under the Poor Town road by means 
of a bridge of mas and, cast ironwork. at a. dis- 
tance of 14 miles from St. John’s. It then skirts the 
estate of Lhergydhoo, and at a distance of 2% miles 
from St. John’s crosses the main road on the level. Here 
we have the first station, which has been named St, Ger 








of “ Portland” cement aps ob- 








* Vide ENGINEZEBING, Vol. xy., pages 170 and 252. 


mains, and affords excellent goods as well as passenger 
accommodation. The station house has a neat and at- 
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tractive and is built of red 
stone which was obtained from a quarry 
near Peel. hess 

The line then passes over Glen Broigh by 
means of a short embankment 45 ft. high, 
and still ascending with an average gradient, 
skirts the coast, now through a cutting and 

ain by an embankment. Gob-y-deggan 
(the “Devil's Mouth”) is passed over by 
means of a high embankment and then 
follows a long cutting parallel with the 
coast; and occasionally very little 
views of the coast and glens are obtained 
before Glen Cam is reached. The mouth of 
this glen is passed on an embankment 70 ft. 
high, in the construction of which 50,000 to 
60,000 cubic yards of earth have been used, 
principally obtained from the long cutting 
which has just been passed. Excellent views 
of the ruins of St. Germains Oathedral, 
Peel ; the Mull of Galloway, and the Mourne 
Mountains of Ireland can be obtained from 
this embankment in clear weather. The 
Peel road is then yor under at a distance 
of 54 miles from St. John’s, at a point near 
Ballaquine. The road is only 30 ft. wide at 
this point, but the line passes diagonally 
under it. The bridge is a substantial work 
of stone and iron and is 100 ft. long. The 
superstructure is entirely composed of 
wrought-iron camber plates and rolled 
girders. 

At Ballaquine, a short distance beyond 
this bridge, the highest point on the line 
200 ft. above the sea) is attained, and in a 
ecline of 1 in 100 the line skirts the road 
alternately by cuttings and embankments 
until Glen Moar is reached. This glen is 
crossed by a viaduct consisting of three 
spans of 60 ft. each, The rails are 75 ft. 
above the river bed. Two piers of masonry 
support the girders, which are constructed on 
the lattice principle. The line, still descend- 
ing in a slight curve, crosses the road leading 
from Baregarrow to the Peel road, at West 
Berk. Here is the first platelayer’s cottage 
on the line, which is so constructed as to 
be easily convertible into a station if it is 
found requisite to do so for the convenience 
of the traffic from the Baregarrow, Bal- 
laskyr, and Oronkurleigh districts. From 
West Berk to the main road, a narrow road 
formerly existed, which has been diverted, 
widened, and improved in grade. Near the 
junction of this road with the main road 
the line passes under the latter by means of a 
strong iron and stone bridge. The line now 
runs through a cutting of soft drift gravel, 
and at a distance of seven miles from St. 
John’s debouches on Glen Wyllin, which is 
crossed on a viaduct of a similar construction 
to the one at Glen Moar, except that in this 
case the highest point above the bed of the 
river is 55 ft. A cutting follows, the road 
Kerroo-OCruinn is crossed on the level and 
Kirk Michael station adjoins at a distance 
of 7} miles from St. John’s. This station 
will the first passing point for all trains 
and is constructed of stone. From Balla- 
quine (the summit level) to Kirk Michael the 
steepest gradient, viz., 1 in 100, with occa- 
sional levels occurs, At a distance of a 
uarter mile from Kirk Michael station the 

e Pv agp over Glen Balleira by a bridge 
of ft. span, which embraces both road 
and stream, and then through a cutting 
behind the vicarage and Rhencullin Cottage. 
Three bridges of m cross this cutting, 
em from which the line the 
rear of Bishop’s Court on an em ment, 
and the Orrisdale road on the level. The 
second of the platelayers’ houses is situated 
at this crossing, and a few hundred yards 
further on, or at a distance of nine miles 
from St. John’s, is another level crossing 
over the Bollanjerg road. 

From here there is a perfectly straight run 
of about a mile through Brough-jairg Moar, 
and the Ballaugh river and mill-dam are 
crossed by a bridge of two spans each 25 ft. 
The line ediately crosses the min road 
alongside of which Ballaugh station is 
situated. This station will be a passing 
one, and has ample accommodation for 
goods and other traffic. The line hasa slight 
curve after leaving the station and thence 


REGENERATIVE HOT-BLAST STOVE. 
CONSTRUCTED FROM THE DESIGNS OF MR. E. A. COWPER, ENGINEER, LONDON. 


(For Description, see opposite Page.) 
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runs in varying gradients in a straight line to Ballacrye, | the north, at the Sulby Bridge station, where extra ac- | on masonry on each bank of the river. The River Aldyn, 
eleven miles from St. John’s, where there is another level | commodation has been provided for lime, coal, and cattle | which is situated a quarter of a mile further on, is crossed 
e and house. From this place it runs ina straight | traffie. This station is 18 miles from St. John’s, and | by an iron bridge of yt ew ; there is a level crossing 


rossing 
line to Sulby Glen station at ilbane. This station | from this point to Ramsey the line is almost straight. | and house over the 


own road, and thence into 


is most conveniently situated about 100 yards from the | There is a station at Garey for the convenience of the | Ramsey the line rans with an easy gradient to the statior. 
main road between Ramsey and Peel, and the entrance of Lezayre, and at 153 miles from St. John’s, the The station is conveniently situated near the 
to Sulby Glen. pepe ep aD raga to the main road by river is crossed by the largest bridge on the | top of the ur, and in the angle formed by the main 
the line crosses the main to 





Andreas, Jurby, and | line (80 ft. span) composed of bowstring girders resting 


road from Ramsey to Peel, and Ramsay to the northern 
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parishes. There is an engine-shed capable of holding 
two engines, and an iron shed for carriages, which is 
large enough to shelter two complete trains. The sta- 
tion platform is covered with an iron roof, and there is 
also an uncovered platform 100 yards in length. 

The total length of the permanent way is 16} miles, 
but in addition to this a tramway is being constructed 
from the station along the quay to the berths usually 
occupied by coasting steamers. This tramway is over 
half a mile in length. 

The permanent way is of strong construction for a 
light railway, and consists of steel rails 56 1b. to the 
lineal yard, fastened on rectangular cross sleepers 
of Baltic red wood. Each rail is secured by two fang 
bolts, and the sleepers are each 7 ft. long by 9 in. 
and 44in. The ballast for the first three miles out of 
Ramsey was principally obtained from the rivers, and 
nearly all the remainder from a cutting through the 
drift gravel near Kirk Michael. 

The coaching stock was built by the Swansea Wagon 
Company. The bodies of the coaches are of polished 
teak, and the underframes of oak plated with steel 
plates, the whole being supported on six wheels ar- 
ranged on Cleminson’s system, a mode of construction 
which gives great flexibility. The first-class coaches 
consist of three compartments with seats all round and 
a central ottoman, and have accommodation for fourteen 
passengers. They are handsomely upholstered in brown 
cloth and relieved with panels of polished sycamore, 
with gilt and black beadings. The second-class coaches 
have six compartments, each capable of seating ten pas- 
sengers. 

The engines were built by Messrs. Sharp, Stewart, 
and Co., Manchester. The driving trai wheels 
are coupled and 3 ft. 9 in. in diameter. The lead- 
ing wheels are 3 ft. in diameter and are fitted with 
the late Mr. W. Bridges Adams’ patent radial axle 
boxes. The whole of the works, stations, and rolling 
stock were designed and carried out under the personal 
superintendence of Mr. W. H. Thomas, 15, Parliament- 
street, Westminster, the resident engineer being Mr. 
Malcolm Grant-Dalton. The contractors were Messrs. 
J. and W. Grainger, who have previously constructed 
many railways in Scotland. The portion of the line 
from Ballaugh to Ramsey was sublet to Messrs. Brebner 
and Fleming, The Ramsey station building has been 
very creditably carried out by Messrs. Boyde Brothers, 
Ramsey. 





ACOUSTICAL FIREDAMP DETECTOR.* 
By Prorzssor, GrorcE ForRBEs. 
. -. instrument is intended to measure the tity of 
ina coal mine. From the rough model shown 
by Prolewg essor George Forbes last year the committee have 
constructed two new instruments which appear to them 
chon salle sapligl er oni well. The one is of a large 
size, and is worked by an electric battery, and is rather ex- 
— iu other is small, pessente, 
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shorten the tube. The tuning-fork is caused to sound, 
and on saving the Li aga in and my A ppt is — ito 
augment and diminish according e ion oO 
shies in the tube. The piston must left in that 
Veition which gives tie loudest sousd. The length of the 
babe under these conditions measures the velocity of sound 
and thence the percentage of firedamp in the air. 





In the large-sized instrument the taning-fork is kept in 

vibration by an electric current which is made and a 
acting on an electro-magnet so as 

maintain the vibrations. The > semattiee have been able 


Re the puettion of the na with even greater accuracy 
gun he the tuning-fork is otherwise et in vibration. 
The reason is that in Pref pace there is 
in the loudness of the sound which photon sligh' 
velocity of the sound. 

In small-sized instrument the fork is set into 
vibration b ee Sen Ot ree is drawn 


fork 
spproach each cine at teurertromites). A ite prac | 8 


enables one to obtain in all cases the same 

sound. e committee have added to this instrument a 
cireular scale D along which an index travels, meved by 
a rack on the piston, so arranged that it cannot give a false 











upon the 


He 


ab The 
ex 
reatedin the Phila ene azine for A) 
1879, which show rear diff oo of 4 
300 is not found between different o' ms of 
ee = 


On August 25, 1879, the committee were enabled 
to descend the Wharncliffe Silkstone b 


y 
the kindness of the , Mr. George Wi 
who accompanied them with ¢ a few other gentlemen 
interested in the experiments. This is at 4 
depth of 200 yards. Mr. Walker kin 
ead of the the ventilation of the pit at the 
‘came fo tin apa a mile 
gale they se this neues: S00 seane 
was wos et toma t 
but eee yee bine cn cap 


gas. 

Steiasted prunstiliowaptioelie teamear” 
ing from 14 per cent. as the tube got filled with the 
oS Se aate 2 eS ee, Se 
juan rend ent unsa > 
- toe costeains worn then: toto to a disused vot 
the mine where it was known that aw was a oat 


Here sufficient tities were found and the instrument 
198 istered gas : wel me se mes poms pa cent or tele But 
poe ow uantity registered was 
anit quantity which th) indioa 


ity 
Tho fasts that there aim Yoo prvont form of tho igh 
pe seein emyrneen ee filling the tube with the air of the 
place under examination. 
The committee consider that i woudl be well fo-piter 
Goleta De Seoeny ) 90 they 
also recommended tha pay should be ide totem 


wane Se nee p agree with 
actual ey have wad to report that the 
ins re ibm Fh form so as to be “en 


and was very consiatent in ite indications, and can 
assert that this instrament is capable of ddeding end 
measuring firedamp even in small quantities. 





HOT-BLAST STOVES. 
On Modern Improvements in Heating Air for Hot-Blast 
Furnaces.* 


By E. A. CowPEr. 
THE question of man on. ie She. Uard ond 
nomical manner is of such i pee med ry 


made in ae of i iron by the practical application 
of scientific methods of wor! 9 
The late James Beaumont Neilson, in the year 1828, was 


the first to introduce the plan of blowing a blast farnace 
with hot blast (or what we should tobe blown with ead 
time furnaces used to be blown with cold 


up to that 

blast, and and the expenditure of fuel was very great in 

and the furnace worked very irregular jas much depended 
on the fact of the air containing pm Snel gs 


A blast ionee never wor — in 


air was then drier. The cold air, in en’ 
in quantity, so cooled the materials that & pipe 
or conduit, commonly called a ‘‘ Snift tuyere,” 
slag inside the body of the furnace, and the air did 
not really urge the fire at all until it nea gob b 
the furnace, ar BK me inside the oane 
ty nrodood jst at the t nies: simaan Mies 
point, in! ut just a th very where the est 
pie eat Oe or melting the iron out of the 
ore, was most preju' 
The first rise of temperature in the blast, even if only 
100 deg., I have been assured by Mr. produced a 
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‘is now so well known that 


Gone pay seo oagteteny 


action of the regenerator 
















the stove is heated from the top nearly to the bottom ; 
then the gas is turned off and the air for combustion also, 
and the chimney valve is shut, and we have then an 
f| immense store of heat shut up in an air-tight case ; then 
the cold blast valve at the bottom of the stove is opened and 
h the regenerator, being graduall 
heated as it passes up t h the lower warm 
merator, then alittle higher where it gets 

itis half-way up the 
at the temperature of red heat, as we have never been able 
to appreciate any colour in the air), then the red-hot blast 
passes up through the remainder of the 
up any quantity of heat, and so down the flame och ent tn 
flue, which is of course also red-hot (and always continues 
so) to the hot blast valve, through which it goes to the 
last furnace; this valve it will be noticed must be in 
equilbrium directly the stove is filled with bi 
there is blast on the other side of the valve, so 
opened easily, and is drawn up into a comparati cool 
of cold blast in a’ 
ot blast at 1500 deg. out 


the blast ascends, 


r it is red-hot (or 
regenerator, with- 


temperature lead, for fear of injuring 
the pipes, and the lead melts at 620 
is very common with care now to get 750 
and some few persons occasionall 
1000 deg., but it is at the risk of 
of the pipes, &c. m, and the passage of red 
i y | to the blast furnace, goes on for several hours, generally 
three or four hours, according to wishes of the manager, 
and the reduction in the temperature of the blast is very 
slight, viz-, about 100 deg. for three hours or 150 deg. for 


of cardboard coloured black at the 
grada Joate of heat i ike daw tuna, tenting: 
tions or eat in stove during heating, 
these gradations of heat are in the lower nie: 


at 1250 deg. or more, so 


The friction of the blast jipe stoves is con- 









The narrow stri 


and 
stove when all the 




























46s. 1}d. to 46s. 44d. one month, buyers offering the higher 
— at the close, and sellers wanting 1}d. more. 

here was & very ——— at the opening on Monday, 
and prices ran up tothe extent of 74d. per ton; in the 
afternoon, however, a slight weakness set in, and almost 
the whole of that advance was lost; still at the close 
the price was 3d. over last week’s closing price. Busi- 
ness was done in the morning at from 46s. 7}d. to 46s. 104d. 
cash, and from 46s. 9d. to 47s. one month, sellers at the 
close at the higher prices, and buyers near. The after 


blast | 200n quotations were from 46s. 8d. to 46s. 44d. cash, and 





when the stove has 


a porti 
t, whilst the lower part 
ed. When moved up or down on the diagram 
it shows the varying condition of the stove very com- 


fety, through it for a length of time 
part remains red- 


high temperature might be 
and without any wear and tear 
It remained however to adapt the regenerators to the 
oumstance of the blast being under pressure in them. In 
order to retain the air, a wrought-iron case of light boiler | ple 


tely. 
Gea little consideration it will be at once apparent that 


, and then lined with firebrick, so that 
sted the the perfect arrangement of the various strata of air, of 


resisted the pressure of the air, and re- 
fern without any leakage, whilst the firebrick | diff 
ues We in ved ts, the air has bee 

, by impro arrangements, air m | exac’ 
in o tans perfect manner, throughout the 


he full du’ of 
increased the power 


cold air of the blast introduced at the bo 
rtion as it is heated by the regenerator, so 
that if from any cause a portion of airon one side was not 
heated quite as much as the rest of the air on the same 
level, it would not rise as fast as the hotter air would ; there 
up of the air, or forcing it to go downwards 
contrary to its natural motion (until fully heated), and this 
it is, amongst other circumstances, that produces a very 
high temperature of blast, whilst the products of combus- 
tion pass away at a very low 


toves very considerably ; the 
been increased for some years 
thus economising the space taken up on plan, as well 
as in the cost of valves. ‘Thestoves work in pairs, or there 
may be three or four working together, to heat the blast 
for three or four furnaces to th i 


, and the chimney 
ly in fact down to the 


takes place when heating the 
ve by the flame and products of combustion, for although 
the direction of the current is reversed the heat is still at 
the top and the cool part at the bottom. 
I should state thatiit is not 
ea 














the combustion of 
blast 


Exactly the same 


to alter the valves for 
any precise time, as they may be 
wished, but they ought to be changed 


for conveying the hot blast to the blast furnace 
wrought iron lined with several ri 
brick, so as to retain the heat and preserve the | 

When Neilson first introduced hot blast, sticks of lead 
were used in a stream of blast to show the tempera 


at tolerably regular 
rings of tiles or fire- 

















from 46s. 103d. to 46s. 74d. one month, and buyers at the 
close offering j46s. 6d. cash and 46s. 74d. one month, and 
sellers remaining at 1$d. over those quotations. Yesterday’s 
market was also very strong, with a large business trans- 
. The forenoon opened with sales at 46s. 3d. one 
month fixed and cash, to 46s. 4$d. cash and 46s. 6d, 
fourteen days, ee | with sellers at 46s. 6d. cash. The 
afternoon opened 46s. 6d. one month, and 46s. 74d. 
to 46s. 9d. cash, and atthe close e quantities were done 
at 47s. cash, and buyers over. Firmness was again the 
rule this forenoon, when business was done at from 
47s. igd. to 46s, 9d. cash, also at 47s. 3d. to 47s. one month, 
buyers at the close off 46s. 9d. cash and 46s. 10d. one 
month, and sellers asking 14d. per ton more. The market 
was easier in the afternoon, and business was done at 
46s. 9d. to 46s. 6d. one month, sellers at the close asking 
46s. 6d. one month and 46s. 4hd. cash, and yw ne i 
1d. less. Since last report the market has > Geen 
deal excited, and an amount of speculation has been im- 
rted into it such as has not been known for a long time. 
improved shipping demand, chiefly on American 
account, is the most encouraging feature of the market, 
otherwise there is not much change to report. There is 
now more disposition shown by consumers to protect them- 
selves by purchases for forward delivery. ipping iron 
has been in active demand, and large purchases have been 
made, while makers have several times advanced their 
quotations. Last week’s foreign shipments of pig iron 
amounted to 11,795 tons, as against 9918 tons in the corre- 
sponding week of last r. The number of blast 
furnaces in operation is still 90, but at this time last year 
there were only two more in actual operation. The de- 
liveries of pig iron into the public warrant stores continue 


'Y | to be heavy, and the stock with Messrs. Connal and Co. up 












their melting, them zinc was used, but I find it nec 
, a8 it melts at a higher temperature, 
even this is melted or ‘‘cut’’ as the workmen call it, in 
three or four seconds. Glass 

h | will be seen from the samples on the table. 
The waste gas from the top of the blast furnace is 


to the outside one, 
le pipe to the inside one, thus de- 
and coarse dust and dirt that may 
come away with the gas from the furnaces, and then what 
anywhere in the stoves is blown 
ve arranged for the purpose, and 
ther with occasionally firing a gun inside the stove 
e stove clean and avoids all stop 
cleaned easier and with less 


and again from the ou! 


valve 


=E 


little fine dust may 
out once a week ata 
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till last Friday night amounted to 301,136 tons, thus 
showing an increase of 2336 tons for the week. 
Manufactured Iron Trade.—Manufactured iron is in 
pieteeaie mes the works are decidedly 
ier. It is stated that the requirements for consumption 
have not actually increased, but itis certain that m ts 
are Prices 


buying more freely. have been advanced to 
some extent. 
Shi; ts of Machinery, c.—In the shape of forei 
of ery, &c., from the Clyde, © considerable 


business was reported last week. Sugar-making and other 
machinery of the yalue of 21,0001. was sent to Honolulu 
&c. Large quantities of steel rails, old iron rails, and 
other mg materials were shipped to Brisbane, Mon- 
treal, New York, Calcutta, 4c. ; and 54751. worth of sugar 
machinery were sent to Rouen, the Mediterranean, and 
Antwerp. 

The Orient.—This splendid steamer, lately built and 
engined by Messrs. John Elder and Co., @ , Went on 
an i cruise down the Firth of Cl yesterday 
with a very large and distinguished on board, in- 
cluding representatives of a number of the leading shi 
pe. Sagara in the kingdom. On the previous she 

Laphpcr dy ya when she attained a speed of 17.14 





S 
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trading 

tween which is to be made, it is expected, in eg 
this point it may be proper to correct a 
appeared in ENGINEERING in reference to this vessel in 
connexion with the notice of the visit paid to 

and Co.’s works, on the occasion of the ing of the 
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Institution of Mechanical Engineers in Glasgow. It was 
then stated by mistake that she was yr extensive 
repairs—which, of course, in the light of what has now 
been said, was not the case. 

Fastest Passage on Record _ the Cape.—The Union 
Steamship Company’s Royal Mail steamer ia, which 
left Cape Town on ps oage — arrived ~ Rae wercaen on 
Monday morning at six o’ " a passengers. 
She he made the fastest ra. ever wn from the 
Cape, it being only 18 days 7 hours 29 minutes, or 9} hours 
less than the famous passage of the ‘Durban, belonging to 
the same company. The steamer was built by Messrs. 
William Denny and Brothers, Dumbarton, and took out the 
91st Highlanders, being the first steamer to land troops in 
Natal from this country. 

The Proposed New Line of Railway.—A public meeting 
was held in Glasgow last week, presided over by Mr. Peter 
Denny, of Dumbarton, for .promneting the — to form 
a railway to be called the West Glasgow and Dumbarton- 
shire. e ee | was very influential. After the scheme 
was fully explain af the chairman and Mr. Forman, 
C.E., it was favourably received, and a large and in- 
fluential committee of gentlemen was formed for making a 
detailed study of and report upon the scheme. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
New Railway.—The new line of railway from Shiple 
to Clayton West, near Huddersfield, has now been open 
for passenger traffic. 


Scarborough and Whitby Railway Company.—The 
half-yearly meeting of the shareholders of this company 
has been called, but on the day appointed for the gathering 
there was not a quorum. The committee have not been 
able to arrange with the contractors for completing the 
work. The engineer reported that no progress had been 
made in the construction of the line since August last." 
The directors’ report was ‘“‘that they had nothing to 
report at all. ey were —s on and hoping that 
matters would take a turn; for i they were not doin 
any good they were not doing any harm.” It is understoo 
that Mr. Parry, one of the contractors, hasjbeen ill and 
has not been able to give the attention to the matter which 
would otherwise have been the case. 


The Engineering Trades.—These important branches of 
local industry have been but little affected so far by the 
improvement in the iron trades. The demand is principally 
for light machine work, and repairs to machinery; con- 
tracts for heavy work being very scarce. The locomotive 
building department continues very badly off for contracts. 
Latterly the low prices charged by Scotch houses have se- 
cured English orders, and the Continental and American 
activity indicates who is getting the best of the ones 
tition in those directions. At Leeds, however, though the 
depression is very severe, the engineers appear to be better 
off for work than in the Sheffield district. Some orders for 
stationary engines are in hand in the latter town, but 
many of the men usually permanently employed at the 
large iron and steel establishments are short of work. 
ee on the one hand hold that the men are over- 
paid, and believe in many instances that business will not 
really revive until there is a return to the system of longer 
hours. Any attempt in that direction is however resisted 
strenuously. The steel mills find a greatly increased de- 
mand for best cast steels used in engineering tools, but the 
bulk of orders which are in hand on this account are for 
exportation to Germany, France, Belgium, and the United 
States. Reports of past years’ work issued by one or two 
companies within the past few months, show a very unde- 
sirable state of things, and the small and concisely-planned 
engineering establishments appear to have been the most 
prosperous, as in their cost of management the few ex- 
penses could be more easily regulated or cut down. Work 
seems to have been partially distributed, as shown by 
the varying balance-sheets produced by the different com- 
panies. There are hopes now of improvement, but faint 
indications of it. 


Hull and Barnsley Railway.—A meeting of the com- 
mittee of this ao railway was held on Monday. 
Colonel Gerard Smith presided, and referred with satis- 
faction to the meeting held in Hull in support of 
the scheme. In ey the project had been most 
favourably received and six influential gentlemen of the 
town had been added to the committee. The landowners 
one proposed line are favourable to its construction. 
Nos capital is to be issued at present, but a form of 
guarantee will be signed by the tors towards the ex- 
pense of promoting the Bill. condition of the form of 
guarantee is that in the event of the success of the Bill, sub- 
scribers can either have their money returned in full, or 
their subscription considered as a deposit for shares. 
Favourable reports have been received from the engineers 
of the company. 








New SourHh WELsH Rartwars.—The islative As- 
sembly of New South Wales has approved of plans and 
books of reference for an extension of the railway from 
Junee to Narrandera, which were submitted to it by the 
Minister for Works on June 12. The motion approving 
of the proposed extension was agreed to without a division. 
In the course of a short debate on the subject, the opinion 
was very generally expressed that the extension 
would divert much of the wool grown in the south-western 
districts of the colony from Melbourne and Adelaide, to 
which parts it had hitherto been sent for shipment ; and to 
the extent to which these expectations are realised, the 
shipping trade of Sydney will be increased. This extension 

1, no doubt, be continued on to Hay and Wentworth, at 
which point the line will probably eventually connect with 


TESTING WATER PIPES. eet peee178 ante.) EN aera faba com, fur Ndnoed 

On the Testing Pipes and ‘oints in the jena be betwen ok cock were 

Trenches, with a apelon of Ossett Water Works. <r top. valves formed the limits of tests 

By Maroons M LLoGE PATERSON, C.E. phe he ta Boro a mbar bee spans, it 

Distributing Mains-‘The following axe the } Water for Testing.—The facilities or for 
Distributing owing are the lengths of 3 

mains included in the contract for laying : prey y Bae: bog Ta tis respeck oo tit in Lapeer pd 

> Sa eo regards the line of conduit, ‘hich for neatly its whole 

7 ” 759 ” length extended through two districts, and nage # a 

6 jen 1014 heving © oe: puugly wee adequate. pressure to fill the 

: ” ea.” 8 gap at once be seen that to carry out the 

4 » 4815 = of testing, with water supplied continuously from 

3 ° 9003 e head or source, involves some Lope f in long pat 


” 

The details of the pipes are given in schedule B (sub- | uphill. When the of such ts makes it 
joined), and the whels system of distribution is shown | impossible to lay and open the wipes from bottom to 
on the yey plan (see Fig. 1, page 178 ante). Like those | top until tested, it becomes necessary to divide them into 
on the line of conduit, the pipes are of the common spigot | practicable sections, commencing each at the bottom 
and socket pattern with lead joints, and sockets widening | extremity, and cutting pipes and making a collar joint at 
inwards 4 in., and are uniformly laid with 2 ft. 6 in. of cover. the upper end, to as to effert he 
ee sae ae Cae Se Sip See Soe ae, and | the w i i 5 
wherever possible, the water mains were laid on the con- | large diameter, where it would be both: 

side of the road. to cart sufficient water; with small pipes (say 4 in. an 

uice valves are laid at the joules of every street, | under), and where the water is at all accessible, the better 
both on the main and on the branch, and in no case arethey | plan is to lead it, and so admit of the usual method of com- 
more than a quarter of a mile “—. There are hydrants | mencing to lay the mains at the lowest points without inter- 
at oven throughout the entire system. These | ruption. Practically, however, it is rarely found that lead- 
are partly hydrants of the common pattern, and partly | ing is necessary. In th ce 
screw-down hydrants with frost valve. Double self-acting | commenced at the stop valve, in the hollow of the Dews- 
air valyes are placed on all up bends, and discharge or | bury valley, where the working pressure is about 156 Ib. to 
scourin; pipes at every important depression, and at every | the square inch, and water for testing purposes was 
dead end otherwise incapable of being emptied. The total | got by opening into the Batley corporation mains, an 
cost of the works was 16,7071. 15s. 6d., to which about 10001. | ai a short length of 3-in. yee. eo asluice 
must be added for superintendence. valve and meter. By this single ion, the mains were 

Testing of the Mains.—In the early part of 1876, a few | charged until they reached the Staincliffe end on the one 
months before the letting of the Ossett Water Works | side, and half way to Gawthorpe on the other, after which 
contracts, an inquiry was held at Horbury—the district | it was no lo needed, the mains themselves being hence- 
next subjacent to Ossett—for the purpose of obtaining the | forward used for not only the remainder of the line of 
sanction of the Local Government Board to a further | conduit, but also for the great bulk of the di ting 
exercise of their Parliamentary borrowing powers in com- pipes. 
pletion of works of water supply and drainage. At this ‘ode of Testing.—After being charged, the pressure was 
inquiry Major Tulloch, R.E., who presided in | applied until it reached the limit, upon which the 
forcible terms his views in favour of the desirability of inspector entered the and sorntinised each s 
testing, by hydraulic pressure, all water mains in the open | having special regard to the sockets and joints, and 
trenches after being laid and jointed. Having had ex- | his finger and thumb roundthe whole perimeter of the latter. 
a nag of the op carelessness of workmen employed in | Where a joint leaked, or even ‘* sweated,” 

ing mains, the author put himself in communication | tool was t into requisition while the B an vor} was 
with Major Tulloch, asking to be referred to some works | on, and in almost ggg oa this class defect was 
upon a considerable scale where the system of testing re- | remedied ont of hand. ere the defect occurred in the 
commended by him had been successfully adopted. The pipe itself, the a was withdrawn, the water run off, 
reply, dated May 13th, 1876, was not quite satisfactory, | the defective pipe cut ont, anda new one inserted a 
inasmuch as it contained no reference to the precedent | collar joint. The length was then re-tested. In 
sought for, but sketched the modus operandi, and in- | cases of sudden change in the vertical or horizontal direc- 
stanced a recent case within Major ‘ h’s experience, | tion of the pipes, a few shovelfuls of earth were cast over 
where a mile of piping had to be taken up and id owing | the centre of each pipe to give it stability, and avoid any 
to defective jointing. By this time the tenders for layi movement in the line of ; during the time of filling. 
the ipes under the ordinary conditions had been submi There was no t risk , asa defect in the centre 
to the Board. Resolved, if possible, to solve practically | of a pipe is of the rarest occurrence, and not more than 


SCHEDULE B.—CONTRACTS Nos. 3 AND 4,—CAST-IRON MAINS, &c. 
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4815 4 9 3s 3t 1 119 ov 300 137 817 2279 
9003 3 9 3% 3 1 010 a 200 125 3269 
the question of testing, the author, with the consent of the | two or three feet of the pipe was hidden from view. To 
, drew up an itional clause to be inserted in the prevent the last joint from being dewwn,w strong screw was 
specification, and submitted to the three contractors whose | used in a socket in a solid of 
tenders were the lowest. The clause ran as follows : wood at one end, while the other took its bearing against 
‘7a, If deemed necessary by the engineer, the pipes, | the centre of the testin The timber was thus 
after being jointed and while uncovered, shall from time to | wedged the so at the extremity of the 
time be tested in such lengths not exceeding 180 yards, and | trench. exit of the water was sometimes a source of 
at such pressures not exceeding the actual working pressure | difficulty. Where the were advancing upwards, and 
fine to the head of water by more than 50 per cent., as he | the water fo! 4 ‘more was 
For this purpose, the contractor | despatch a man to scouring valve, who then dis- 


sha erovide K oags tus and labour, in- | charged as much as would all the 

8 vide e@ necessary apparatus an ur, in- | che as as empty 

cluding hydraulic ram, water for testing, &c. The first | point of leakage: But where the ground, althos h perhaps 

cost of such apparatus will be paid to the contractor by the ly rising, was bee wreg and points of 

Board at the completion of testing, on its being handed ression falling forwards on the line of excavation instead 

over to them in good working condition.”’ of , test water was often pumped out into the 
Under this clause the contract was let, and the works | road channels. In some cases, however, where the road 

completed with the following results : : was open rock, the water ran freely through, and soon 
Testing Apparatus.— The apparatus consisted of a pees sy wens aff an apt illustra’ of the danger in- 

common hydraulic pump capable of being wheeled about in | c from silent invisible leakage. 

a barrow, a few feet of strong hose, and a blank flange for | Duration of Tests.—The length of any test is contingent 

attachment to the socket of the inst pipe in ech Sagi epee Ce ee et ea eee 

tested. A wrought-iron deem in two govt, wae be supply of water, and the conditions as to the presence of 

together behind the final swelling of the socket; a pad | air, which, as is well known, is 

of ree hemp with a core of iron was 

between face of the socket, and the blank , and | or severe inclination. 





a railway to Adelaide. 





the present 
the joint drawn together by screw clamps. (See Figs. 10 varying from 60 Ib. to 200 Ib., end lengths from 60 yards to 













































































- ENGINEERING. [Serr. 12, 1879. 
500 yards, the average duration was about two hours for 
Ge seater cove, a08 Sve bene Se wan) A ploreelag ‘ ETT WATER WOE 4 ONTRACT No. V 
pipes, when the water was down mains. To} OSS 876-7.—C 0, V.—PIPE TIN 
repair a Ten nak jolaie by coniiingy arhile the pressure ES, 1876-7 . surement re - 
} ener a few minutes sufficed. When, however, a wa REcoRD oF THE TESTING OF JOINTS. j 
pe occurred, considerable trouble ensued. First, 
pipes were discharged so as to leave the point of leakage 
clear; then the defective pipe was cut out, and another 
cut to take ite place; a socket joint, and a belt or collar of Pipes. REMARES. 
joint were made, the pipes refilled, the pressure once more 
applied, and a new examination made. This would have Ten-Inch Pipes 
coneed —sen erp ag by not been found ap 1 34 - 
jority cases, repaired 2 
with th coved length The worst cases of Ring evens 3 $0 Two joints leaked. Extra, one bend. 
where a special , and a new casting to be : 4 Gus jotas booted. 
Se sutak Gistwakewccke.deciee| | ° 
ys, e » in wet or weather, of a co: 7 In this test twenty-three pipes made by th tracto: # “4 
in the sides. Hence the inconvenience to the public, ” Sront of the socket, a polat which comet be inapected. during yee li: 
caused by repairs, is concentrated into small compasa of tenn Thi mide of cating fad fnen erly stopped mo muni previa. 
time, “i increased force, instead of extending over specified pressure of 300 Ib. As the sweating wes slight, and. did not in oy io 
ay yes of eet See lee . amount to a run, these were retained, the maker, at his own cost, putting 12in, of 
annexed lule will show that—as might have been cement concrete around the sockets to prevent external oxidation. No more of these 
most able tof pe Pen first, to rig te ry fe +s 68 Two sockets burst.” hen 6p 
’ iy Of cas 
: One socket burstat 50Ib. Ex 
Fa eens a aeeel sieaaee ot ony Bhat ot et 2 Onemagkatbont wit oeas peers 
st of Tests.—Annexed is a complete record of the = Extra, one T-piece. ‘ 
Ss _ I+ nag h pnd p= Ms Williem es 87 ak py pret ees. bag pipes in this test were one sluice valve, one bend. 
oe. of works, to whom the success of this experiment * Extra, one bend. 
ne. 
page 218, also, will be found an analytical Table » ne 
setting forth the results in a concise form. . + ene ker tes ke 
A careful survey of this Table will not be without 39 
its lesson. Taking first the joints, it is seen that out of a 30 
total of VaGe, 964, on, 9.36 , ome, have failed, the pro- 
in, pipes, and 4631 — the — Bag A - “ 22 Extra, one sluice valve, and one T-piece. 
can be for the absenco of failure i the: former pipes, 8 26 One buret pipe. 
since extra caulking would have shown more than one 15 | 103 Extra, four bends, one branch pipe, and discharge valve. 
burst socket, unless stronger p ions of metal were 20 27 One burst socket, bad casting. Extra, one sluice, and one air valve. 
used in . : A . 22 75 Two joints leaked. 
was not case, the 7in. being 
hin. lees in thickness than the 8-in. pipes, and the same heed ine —— 
sanap of boosh eosuasta oie tebstoes Loaiiated to uns postots v| be OT Orr yee OEE ara 
freedom in 1h ing, which doubtless accounts for many of 10 25 One burst socket, and one socket with small air hole in front, which was made good by 
the defective joints in the smaller ene, The joint, chaped driving ia e nail. 
6 an inverted w , was i same throughout. NoTs. —About 228 pipes were not tested owing to difficulty with the road authorities 
Setting aside the [in an Gin. pipes 00 t00 few or the ; 
deduction of a fair test average, the result in the case of Nine-Inch Pipes. 
- soto. pipes is by far the most satisfactory in respect 1 55 Que banet ery Extra, one sluice valve. 
. 40 t 3 ft. in mid - j 
ext, ae to the quality of the straight castings. When = Vcoen, =a ot fw gen aa one T-piece full of air holes. Extra, one junction, 
it is considered that already each pipe had un ne, or : 2 Se Genta t, and one T-piece ditto. Extra, two T-pieces. 
Selcin, pot exe Gs greed Ge lentbeen| | 185 pk sdinary jotuta leaked 
and both with far exceeding that applied to it in ics pustonn ott Godin ete” ests aprvatiencgcrotranth tesmmmat 
the trenshes, the sember of failures smong tho 7in.,6in,| 7 126 Thres joints leaked. "Extra, ove bend and one janction 
4 in., and 3 in. pipes is remarkable. A moment’s examina- 8 49 One junction and one taper pipe, leaked badly from defects in casting. Extra, onecurved 
tion will show that nearly seven. eig hths of the failures occur junction, one taper pipe, one 5-in, pipe and valve, and one 8-in. pipe and valve. 
at the take the form of ‘‘ bursting’’ or “‘ split- Ei A 
” That ‘ bod ght-Inch Pipes. 
of the pipe and’ the fike frection from air holes in the 1 2 yoy pe = og 
sockets. That to this result the smallest quota is contri- 3 ° Guo Cases coches, Baten, disse J-giecss, tro bends, and ons eynave junction. 
buted by the 10-in. pipes, which show a total percentage : “ Two joints leaked. Extra, two T-pieces and sluice valve. 
of failures from all causes of -598, whereas the failures of 5 wa No record taken of this test, the inspector being absent from illness. 
Sat perienhs te beth cue Gaceaaeie Gln shy asi ” — 
\. iy cases c % . 
fault. as of this difference 4 due to th jinters the Seven-Inch Pipes 
same skilled experienced men being employed through- z 
out; nor to the weather, since the teint i were Bia 1 59 Extra, two T-pieces, two ae. and one 3-in. sluice valve. 
(see record of tests) between October 6 pol eal 10, 2 35 Extra, two T- 8, one junction, and one 3-in. sluice valve. 
while the others were laid ie: March land August24,| . Ncoaben Matas ous ‘Yogusen, Ono Sead, wwe curved jenetilec one Fine aud one 0 
80 any defects caused by frost would prejudice the alaice valve ¥ See 
former ; nor, , as will seen on reference to the One bend leaked at the -pieces rdina 
schedule of pipes (B} can it be attributed to better condi- = Piped lanksed Vanough ale oles, Wasteland ecchets. "Miatee, one bund, two ‘y-ylsces, 
by .< —— _ = - - — ; A fate ganee at - oo — -3 - LaF yr’ and one — alates valve, he 
e ragments cut ou in ost every taper and one square junction, and one sluice valve. 
e m ‘ ere, then, was conclusive proof that abso- 79 ¢ burst socket, four joints leaked. Extra, three T-pieces, one curved junction, and 
: luice valve. 
Pee ge A > ee , te 58 Air hole in cnahas of curved junction, one defective sp'got piece to valve. Extra, one 
difference in the respective qualities of pig iron used ee _" one curved and one square junction, one taper pipe, and one 4-in. siuice 
from a different mode of ? : ; Four burst sockets and three | 
The answer, in the author's Opinion, ia that both these ” ‘sad two bende. re ee ee 
causes operated. 
Contrary to the recommendation of their engineer, the Five-Inch Pipes. 
Board divided the supply of pipes into two contracts of 1 87 Socket piece of valve leaked at the socket, and four joints leaked. Ex e T-pi 
465 tons and 607 tons respectively, the first being for the one curved and one square junction, and two sluice valves. ied apa 
10-in. pipes solely, and the last for the whole of the residue. : 65 Air hole in spigot piece of valve, and three leaky joints. Extra, two T-pieces and one 
The first contract was placed in the bands of a small local vay > tng 
firm, possessing no to enable them to comply with : 4 ay hy a To. ee Ex + 
the stipulation that the sockets should be cast downwards. ed — Sa om Oe, Fe, ee RE BPA ote 
Assoon as this fact was ascertained by the author, and| 5 ” Exire, one curved junction and one T-pleee 
after about 70 pipes had been cast with sockets upwards, 6 53 One burst socket, one T-piece leaked behind socket, and two joints leaked. Extra, three 
all further casting was stopped, and the contractor forth- ; e oun tama pee ney one yy 
: et, one T - 1 
Seay ep ens Bases oe aay ee Ri fe maa 
reput: eget e of Eng’ , who accordingly 8 61 Two jointsleaked. Kxtra, three T-pieces, one bend, one taper pipe, one curved, and one 
cnponed 23 = KA de gt yas staset ped yee . a square junction, two 5 in. and one 3 in. sluice valves. 2 
downwards. — ig — Four-Inch Pipes. 
p The remainder Ry pe Ih ore iy ll oe mel ne 90 Four burst sockets, amd three leaky joints, Extra, three T-pieces, two bends, and one 
hayes n merchan ales vars age their an 119 One T-piece leaked, spigot piece of valve defective in middle, Extra, three T-pieces, 
conscious that a double and most severe test awaited their three square junctions, and one sluice valve. 
99 Two burst sockets, and four leaky joints. Extra, four T-pieces, and one sluice valve. 


handiwork, the author relaxed the stipulatio: to cast- 
ings 2o far as the smaller diameters were concerned. From 


altho: very burst socket showed defects 
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No record taken of these tests, owing to the absence of the inspector from illness. 


One burst socket and two leaky joints. 























Sept. 12, 1879.] 


ENGINEERING. 








,, OSSETT WATER WORKS—continued. 








Pressure 
Number Date. Number in Pounds REMARKS 
of Test. of Pipes. per Sq. In. , 
1877. Four-Inch Pipes—continued. : 
11 May 2 85 106 a -- burst sockets, one discharge pipe burst.in middle at working pressure, nine leaky 
oints. Extra, four T-pieces, two curved, and five square junctions, 1 taper pipe, one 
discharge pipe, and two sluice valves. . 

12 » 38 127 103 Two burst ets and six léaky joints. Three of these pipes were 3 in, Extra, four 
T- , one curved junction, one taper pipe, one double socket pipe, and one sluice 

ve. 

13 <n 51 170 | Five burst sockets, one T-piece, air hole in barrel, and six leaky joints, Extra, three 
T-pieces, two junctions, one oped ag) and two sluice valves, 

14 ae 91 166 Eight burst sockets, one T piece leaky behind socket, and seven leaky joints. Extra, 
two T-pieces, two square junctions, and two sluice valves. 

15 — 22 140 Extra, one curved junction, one taper pipe, and one sluice valve. 

16 June 9 69 186 Three burst sockets and three leaky oints.. Extra, two T-pieces, one curved junction, 
one taper pipe, one bend and two sluice valves. 

17 ” 9 74 180 Two burst sockets, two T-pieces (air holes) one bend leaked at the studs, and four leaky 
joints. Extra, three T-pieces, two square junctions, two bends, and one sluice valve. 

18 » 12 83 175 One burst socket, one socket with air hole atthe neck, one T-piece with several air holes. 
Extra, three T-pieces. 

19 » 22 56 200 | T-piece with several air holes in barrel, and two leaky joints. Extra, one T-piece, and 
one sluice vaive. - 

20 » 2 44 200 | Two holes in spigot piece of valve, Extra, one T-piece, and one sluice valve. 

2 » 27 97 190 | Airhole in spigot of T-piece, and four leaky joints. Extra, two T-pieces. ; 

22 “a 41 190 One defective socket (3 minute air holes), and three leaky joints. Extra, one T-piece 
and one sluice valve. 

23 » 29 78 154 One burst. socket, and ten leaky joints. Extra one T-piece, and one sluice, valve. ; 

24 » 30 83 140 | Two burst sockets, one defective T-piece, and four leaky joints. Extra two T-pieces, 
one square junction, and two 3-in. pipes. 

25 eee 6 140 Extra, one T-piece, one sluice valve, and connecting pipe. 

26 July 26 99 68 | Five burst sockets, three defective T-pieces (air holes), one defective square junction, 
and six leaky joints. Extra, four T-pieces, two square junctions, and one sluice valve. 

27 August 1 83 80 Four burst sockets, one defective barrel, two defective T-pieces (air holes in barrel) 
and six leaky joints. Extra, four T-pieces, one square junction, one curved junction, 
one bend, and two sluice valves. 

Three-Inch Pipes. 
1 March 1 90 128 Extra, three T-pieces, and two sluice valves. 
2 ». 108 125 Four leaky joints. Extra, five T-pieces, one junction, and one sluice valve. 
3 April 12 84 180 Two burst sockets. Extra, one 7 -piece, and one sluice valve. 
4 : a 57 105 One burst socket, three leaky joints. Extra, three T-pieces and one junction. 
5 » 24 54 106 One burst socket, one defective T-piece. Extra. two T-pieces. 
6 » 54 106 One burst socket, ten leaky joints. Extra, one T-piece, 
7 - a 31 106 Three leaky joints. Extra, one T-piece, and one sluice valve. 
8 -. = 83 115 Two burst sockets, five leaky joints. Extra, three T-pieces, one curved and one square 
junction, and one sluice valve. ' 
9 » B ll 108 Two leaky joints. Extra, one T-piece, two junctions and one sluice valve. 

10 May : 73 90 One burst socket, three leaky joints. Extra, three T-pieces, two curved junctions. 

1l 2 21 90 ‘ 

12 - 7 8l 105 Extra, one double junction, and one sluice valve, 

13 a. 41 140 Three leaky joints. Extra, 1 T-piece. 

14 i. = 37 142 Two leaky joints. Extra, two T-pieces, and one sluice valve, 

15 ~» a 82 150 Three leaky joints. Extra, one T-piece, and one sluice valve. 

16 » a 41 145 Two wane an a Extra, one T-piece, onecurved and one square junction, and one 
sluice valve. 

17 » al 95 135 Three leaky joints, Extra, three T-pieces, one junction and two sluice valves, 

18 June 1 16 130 One burst socket. 

19 ” 1 44 155 Three leaky joints. Extra, two T-pieces, one bend, one discharge, one sluice valve, and 
one 3 ft. length of _— 

20 se 4 64 134 Four leaky joints. tra, two T-pieces and one valve. 

21 pat 4 59 135 One burst pipe, one defective T-piece (air holes), and three leaky joints. Extra, two 
J. zieces, two bends, two short pipes, and one valve 

22 » °§ 51 137 Spigot — of valve burst. Extra, one T-piece, one bend, one 7-ft. length of pipe, and 
one valve. 

23 ‘ 7 31 181 One burst socket in curved pipe and three leaky joints, Extra, three T-pieces, two 
bends, and one valve. 

24 - 8 107 186 Two burst sockets, three leaky joints. Extra, seven T-pieces, and one sluice valve. 

25 — 31 195 Two leaky joints. Extra, one T-piece, two bends, and one valve. 

26 oe @ 76 138 Two burst sockets, one defective T-piece, two spigot pieces to valves with holes, and 
two leaky joints. Extra, two T-pieces, two bends, and two valves. 

27 —— 90 115 One burst pipe, one burst socket in curved pipe, one defective T-piece (air holes), and 
ten leaky joints. Extra, three T-pieces, one curved junction, three bends, and two 
valves. 

28 —— 108 80 One burst socket, three defective T-pieces (air holes), nine leaky joints. Extra, four 
T-pieces, one square junction, three bends, one 2-ft. length of pipe, and once sluice 
valve. 

29 a & 15 106 One burst socket, two leaky joints. Extra, one bend, one short pipe. 

30 ——. 20 100 Extra, two T-pieces and one bend. 

31 » 20 26 108 Three burst sockets, four leaky joints. Extra, two square junctions, two bends, one 
taper pipe, and one 5-ft. length of pipe. 

32 July 5 76 100 One defective T-piece, leaked under socket, one spigot piece to valve with holes, and 
three leaky joints. Extra, three T-pieces, four bends, one curved junction, three 
6-ft. lengths of pipes, and three sluice valves. 

33 - 6 81 90 Two leaky joints. Extra, two T-pieces, one curved junction, and one sluice valve, 

34 jae 6 163 85 One defective T-piece (air holes), eight leaky joints. Extra, four T-pieces, four 
square junctions, and three sluice valves. 

35 ~ 26 75 ‘Two burst sockets, Extra, one T-piece, one square junction. 

36 o - 84 85 Three burst sockets, two defective T-pieces. Extra, three T-pieces, and one square 
junction. 

37 ~ “ae 37 63 One burst socket, three leaky joints. Extra, one curved and two square junctions, 
two taper pipes, and two sluice valves. 

38 August 2 43 80 Four leaky joints. Extra, two T-pieces and two valves. 

39 wie 93 83 Four leaky joints. Extra, four T-pieces, three bends, one valve. 

40 eo. 38 83 Two leaky joints. Extra, one bend. 

41 a 36 83 Extra, two T-pieces, and two short pipes. 

42 » 24 26 125 One T-piece burst after test. Extra, one T-piece, one square junction and one valve, 

















result is evident from a comparison between the 3 in. and | bill in respect of the failure of 32 T-pieces and ten valve 
4 in. pipes, the latter being by far the worst supplied. | pieces, have decided in future to test thei ings. 
Some of these were rejected after passing the separate Cost.—The whole of the cost pertaining to any defective 


t owing to the constant recurrence of bursts in the 
trenches, and the pipes substituted, though doubtless 


pipe was charged to the maker, and included new pipes and 
collars, lead, labour in emptying pipes, cutting out and re- 





similarly cast, aan much better. This was owing, it | jointing, occasionally clearing out earth falling into trench, 
may be assumed, to greater care in the casting, and also in | and, finally re-testing. The;following are the amounts for 
the separate testing. : repairs charged to each contractor : 

Finally as to speek pipes. While none of the 10-in. £ 8s. 4. 
special pipes failed, no less than 50 out of 486, or 10.3 per Contract No. 3—10 in. pipes ... wo “S76 
cent of the rest failed ; but it is only fair to add that the » No. 4—other pipes... ow 1382 8 4 
former specials were not only few in number—28—put that » No. 6—valves o =o «= 88:18. 8 
even these did not contain the usual proportion of T-pieces mT 
or junctions, in which the greatest number of defects Total... an - £195 9 1 

The foregoing does not include the cost of the original 


occur. 
8 — pro} 


portion of the failures between the 

and special pipes was 3.143 to 9.72, or barely one- 
third. Here at any rate is some clue to the benefici 
of the separate testing, however inconclusive it may be; 
while the whole result appears to be an unanswerable 
proof of the ee that all pipes without exception 


testing which was paid by the Board to the contractor for 


laying and jointing, whose prices per test were as follows : 
effect 10-in. in. Bin. 7-in. 6-in. 5-in, 4-in. 3-in. 
10s. 10s. 9%. 7s. 6s. 5s. 5s. 


The total amount for testing being 451. 8s. , 
At first sig ht these J em, would not seem remunerative 








should be so tes for the and delay involved, but the almost entire 
Already the Ossett experiment has borne fruit, inasmuch | i ; F ilit 
ast hers ofthe rae corr | maker far oheree SE : 





es having to discharge a heavy 








length of miles, and with a maximum pressure of 156 
pec oumaes ‘anh, no accident whatever has occurred, nor the 
sign of leakage observed, nor has one penny been 
pent in repairs, On June 18th of last year the meters 
conduit were tested for three periods of three hours 
éach, with the following results : ‘ 
Meter. ‘Meter. 
No. 1 period ... 1,000 $350 
0. ‘ ‘ 34,000 33,960 
No.3 ,, . 39,000 38,950 
92,000 91,86 
erence=140 gallons. ” 


eriod of three hours are attributed to the beg ey 
ped ore mpl > a tem ee eet y 
mane already 
distributing pipes have almost ye satis- 
factory, the net cost of repai ing about 51. for the first 
nine months that cingeod after the works came into the 
* + ogg S result sufficiently Taine eae 
x sufficien 
many times the extra trouble to the engineer. 

From the rience thus obtained the author draws the 
following usions : 

1. That the usual mode of laying cast-iron socketed pipes 
without testing them after jointing, and in the open 

es, does not give adequate security against leakage. 

2. That by such testing the desired security may, in most 
— » if not in all, be obtained at no great inconvenience or 
cost. 

_ 8, That all pipes, special castings included, should, if 
possible, be tested before leaving the fou : 

4. That the value of the principle of ing pipes with 
the sockets downwards, is confirmed, although it affords no 
absolute security against defective sockets. 

5. That systematic testing after jointing will tend to im- 
Sv asink teed inapety insoemack, ible eben ioe pee 

ure, thus in u © con- 
tractor at fault. : sei 

6. That ph yond will be further secured against acci- 
dents to lines of conduits with. their attendant costs, viz., 
cost of repairs, the loss of water, interruption. of iy; 
andthe indraw of gas, or other foul air at leaky ts 
when the pipes chance to be empty. 

Finally, the author would remark that to the 
teanealie that with perfect materials, 
ect supervision, equally good results would 
itis merely necessary to 
practice such perfection of means are never found, even 
though—which is not the case—their selection is entirely in 
the engineer’s hands, and that therefore it is the duty of 
the latter, in the absence of such means, to exact the most 
rigid tests. Here, with an ins: skilled and trust- 
worthy, and appointed by the engineer, can it be doubted 
that had not.the system of testing been adopted, great 
leakage wi have ensued? To make assurance doub 
sure is a wise saying, the application of which in éngineer- 
ing practice can rarely err. 


20,000 


ent 


men, and 
accrue at less cost, 


ScHEpDuLE A, 
The Ossett Local Board are empowered to take from the 
Batley corporation a maximum supply of water acco’ 
to the following Table : 


Gallons Day. 
1st year 75,000 
2nd ,, 100,000 
3rd ,, 125,000 
4th ,, 150,000 
5th ,, 175,000 
6th ,, 200,000 
7th ,, 225,000 
8th ,, 250,000 
9th ,, 275,000 
10th 300,000 


” 

And it is compulsory upon the said Local Board that 
they shall in any quarter of a year pay for not less than 
two-th' of the maximum quantity they have power to 
take in such quarter. 





P FOREIGN read COLONIAL NOTES. 
t Adelaide Dock .—The half- 
of this company was held at Ade Adelaide, Seno Fa eps 
man explained that the original estimate for exca 
and constructing the dock we Ae 
w 


public had been led to believe; and 
confident that the 
1879, or four mon 
the shareholders had reason to be satisfied with the position 
of the undertaking. 


American Steam Engines.—The B Steam Engine 
Company, of Salem, Ohio, have furnished two engines to 
he Print Works, at Lowell, in ) of their 


t 
old Harris-Corliss. They have t in the 
jack shaft, thus Segensing ing entirel with, and belts. 
cylinders are 24 in. diameter by $ ft. stroke, and 
run at a rate of speed of 160 revolutions per minute. This 
gives an average piston speed of 960 ft. per minute. 
| Canadian Railways.—The New Brunswick and Canada 
nee § have 250 men at work on 
to McAdam Junction. The 
is 6 miles, and the work is sub-let in sections 
about a mileeach. It is a level road, and will be finished 
in September, It will be worked in connexion with the 


218 ENGINEERING. (Serr. 12, 1879. 























































































































—— 
; NPRICH LIstT OF MATHRIATS. 
' _TuurspayY, Szpr. 11, 1879. 
: Tee CASTINGS—continued «. G8. & s 4 
METALS, _ bs ; - 5 Side cranks, cross heads, g 2 
°o 
20 @6 oe ee Sides _ 6 360 0 
a he o ; 7 Po 3 % é Po Tumbler bars and other ~~ 
Bauass (per as 4a se @ for 7 x 9 
f .- s 5 0 5 2 PUTPOSES......cerrerrereeree 20 ° ° 
6 ° 7 7 0 7% Swapise Inow (F.o.b) at 
7 5 7 15 Gottenburg (per ton) -- z 8. £ 8. co )h(OU8 
° 6 0 PIG seesbsssdivccrecicerrercevese 2 § 4 10 
eo 4% 8 ° 6 10 Bar rolled wuss 9 @ 8 O co oO 
10 s 3 6 0 7 10 hammered .....4...000+ o 6% 20 43 
. H z : to 9 - TALLOW (per cwt.) 
°o Tt 
6 10 3 15 . 7 > N. American ° = 4 
10 ¢ bs] oo é = 3 5 oS = s ° @ o 
° s$ °° ” 99 _teeteretene ° 74 ° 6 6 
boiler plates, 8. W. r ° 33 
© ho | Roop Benne, Boo 8 te one 6 2: 
° % bd Leap oe ba A ooge — =. F sempbebonseess e 33 © 
sees ° - Soft , > An te Try PLatss (per box) - ec «0 & Rough, English ..........12 © 13 6 
Inon Oans (per » & & © Siinist” > s2 - LO. charcoal........ wwe 90 6 of 6 TAR—Stockholm(perbarl.) 20 6 22 © 
Red hematite, t i a OS 8 nL ET . e ” o 38 © CHANGE .......00000+e0ree0se Is 6 oc 0 
m 3 1 0 ™ «8 BOE ccrcerscrccccercores coves ° 1-0. coké....... e oe TURPENTING - Spirit— 
Ison Pre ton)— ProseHor BRONZE Lx. ” ooo ° 25 o (casks) aes, O82 o ar 3 
Barrow ns eveereees vee ° 5 4 (POT BOM) ..c.ssccsrcsreerveree HOS O@ I95 © ZINO (per ton) = 48 86 & Wirines, engine (percwt.) 20 © 35 oO 
OE eh pS | r+ QUIOKSIL VER (per bottle) SS oe ——o Baglish........0..0» * “ - - CHEMICALS, &. 
Cleveland No. 1 comune gf 6 Fe © Sonar (por ton) ~ ........... 3 10 4 0 ‘(gaivanised) Pv 2 ae . ome— . ao 
" » 3 ‘Gorge 4 ‘ 4 ; Spaursn (per ton) — ” uafortis (per ID.)......... oa aS 
Poa y erie 3 0 «33 «6 Silesian, ordinary a 8 ro | (18 tg COALS AND COKE, ; Date os 3 
oleh Drarsee ° SPreGSLEIsEN (per ton) — ~ > . @, eae 
b {North Wales) tee 60 : & ° at aecesacanl 5 0 6 oO ee ° a ~4 ° Ammonia —Mauriate (per £ 8 £ 8, 
7 No. 8. GOMMMON. ccccsccecscccercereeree 4 3 °° 9 °@ ro 6 - ees 7 a 38 a 
d. a. a STa&L (per ton) ; 4 = : White, lump (per cwt.) ... ..%, 6 .e 
6 4 6 Bes oes 2 © 2 a Se Powdered (per cwt.) ...... 3 6 9 0 
° ‘6 o 6 © eo me BLEACHING powder percwt. 5 9 6 0 
o 6° o §0 © 8 & i: 6 | BORAX—refined (per cwt) 35 © 38 © 
o 4 6 o 68 8 BRIMSTONE (per ton)— 2s 8 8 
ee eS = § .?. Bs Rough...... . 5 10 6 0 
e # 6 = 2 o.. mie Flour ao -'e 13 10 
i 9 zs © ° 6 Roll ..+.000 woos we 8 TO 9 0 
6 4 6 ° 8 to 4 2 COPPERAS—green ..,.....0.08 45 © 50 oO 
: e ¢ a ee: ee Oorras — Sulphate ors @ os 4. 
CWE.) reorcrccressserce-ceree 28 6 20 0 
o -ie™e ° : . OILS, GREASE, & ne erway wees gos, SA1Ts, ke (per wt.) ‘ 
. a Stam, Casriwas (per owt.) — me et hows. . >> ao 
draulic cylinders in ° 29 «© et ail %6 0 
° s7 6 Hy eecceccecee ™4 «© 
o en the rough not to ex- o 36 © White srercorsesersanee « 2% 0 19 0 
wang o ¢6 6 ~ ESS in length, “a d be} qd. . = . LITHARGE (per CWt.) ......006 19 0 20 0 
atBo'ness ........ 0. = amt S > PotasH—Bichromate (per 
J Do. do. finished............... 6 
(The above all deliverable alongside). Pinions and cog-whedis... 4 [2 “ e * ) seseereessersereeseneree © @ © 4h 
ue ». @ . a. Hammer taps, em, oe - 8. $ 8. - ee oe re. ‘ 
° ° ewages, c an e r OTL). vesceee oeee ° we F o 19 °o 
North Staffordshire ...... +4 o 7 0 we resent 20 0 24 0 COAL oil, refined ..........e0-00 r 7 o 7 sea = ° = ° 
seers =O) or an seee I o I 
i by ple Ss 8s Pf 0 macht 4 ae, lh romp | RaNGOON engine oil ......... 2 6 29 sopa Sanstis 2 6 33 4 
N cessesceeneieeccoccnne 49 © ge © CWB seirricrscescmrccncere 8§ © 86 © LINSEED Ol] .....0s0s00cereee 97 6 28 0 » Orystalsqperton)... £3 5 £3 10 
THE OSSETT WATER WORKS.—PIPE TESTING. ANALYSIS OF RESULTS, (See page 216.) 
Dursctive JoIntTs. DEFECTIVE CAsTINGS. 
Straight Pipes. Special Pipes. 
Number| . Total Per- chi aN 
Diameter of Number | centage ’ Total Total 
of Pipe. | Pailures| of Joints of Air | Total! |womber of| Pet Total |wimber of| Pe 
Tested. | Failures. | Burst | Burst | Holes |Number ; centage| T- Taper| Valve |Number : centage 
ee - Pipes. |Sockets.| in of ome ‘of | pieces, |Bends|Junotions. [DONS | Piccos.| of | SP of 
Sockets. | Failures. Tested. Failures. | Failures T a i. Failures. 
in. 
10 ll 1531 718 1 6 2 9 1503 598 eee | os 0 28 0 
9 10 628 1.392 1 2 eee 3 598 .502 2 1 1 ° 4 30 - 13.33 
8 2 233 859 1 bee 1 213 469 con a 0 20 0 
7 ove 210 R.. 2 1 3 6 178 3.370 3 en 3 82 9.375 
6 7 825 2.138 ove 5 ood 5 809 1.611 ove eee 1 mn 1 2 16 12.5 
5 26 547 4.753 3 ° 3 502 597 2 eee ws , 3 5 45 11.11 
4 76 1641 4.631 1 48 2 51 1512 3.373 14 1 2 oon 2 19 129 14.73 
3 112 2648 4.229 2 24 26 2434 1.068 li 2 “a we | 4 17 214 7.94 
Total | 246 763 «| 3.143 90 | 7 104 7249 «| 1.434 | 32 3 4 1 | 10 50 514 9.72 
Buropean and North American Railway. The cost willbe} Victorian Railways.—A rail junction by railway of the’ capital of Eastern Roumelia 
con’ 


tract for the | cliff was fo: opened 
Governor of Vi 


from Geelong to Queens- 
fi His Excellency the | with constructi i 
oo on May 21.” ‘The total distense e ne pape Ge ction of a line 


by | from Philippopoli to 


dental Railroad from to the Gate railway from Geelong to is nearly 23 miles, but . “i . 
racks, Montreal, has been awarded to Mr J. D. MeDonald, the length of railway requiring construction under this | p.n?"{ «Adelaide Zramway.— The formal opening of the 
of Thorold, Ontario. t was only 20 miles 56 chains, as the Queenscliff line place May 22. cars attached to the steam motor, and 


The Heracles Coat Mines.—A group of capitalists ana | iin the Colac line about 14 miles from Geelong, and. is | carrying the directors of the company and about 150 or 200 
engineers, some of whom are creditors of Turkish — = ee discal tak ae pa other gentlemen invited to icipate in the ceremony, 
Government, have undertaken to see what can be done for | *!uding —_ Queenscliff 4 of neh te al th started from opposite the : Diamond Hotel, Port 

to account the I Heracles. | Drysdale and Queenscliff, and of @ telegraph line along the | Adelaide, at about 3 p.m., and were ran sm and 

in the mattor are M. Theodore | Ft » was58,9771.. There ae WY | easily up to the present terminus, Albert Park, near Wood- 

a French mining engineer, M. Dunon, M. Malet, | ™ a ; ef Sotanes of 3k miles in 8b, minutes. The sheds 

the Imperial Ottoman Bank. Steel Rails on the Michigan Central Railroad.—The | &c., of the Tramway Com having been inspected, and 

American Wind Mills.—A demand for American wind | 2=™ber of miles now laid with steel on the main line of the | the motor critically examined, the seturn j to the 
mills has sprang up in the British colonies, the West Indies, | Michigan Central Railroad is 270; ditto, second track, 78 ; | Port was made, occupying about 9 minutes, ineladi 
and South Within « fortnight, Mr. A. J. | Ait line, 108; Jackson, Lansing, and nau division, 11 ; stoppage. General satisfaction was at the smooth, 
including | Grand River Valley division, 15; Joliet division, 6;| rapid, and easy manner in which ¢ both ways 
Cape of Good Hope, three to Havana, total, 483 miles. The main line and air line are entirely | was made. Mr. P. Daly laid down the line, which has been 
others to Pernambuco, Buenos Barbadoes, Caraccas, | Stel. constructed remarkably well. 
apd Gesree, aunt: In two mills are being Feira Rotioegs.— Mt Reppapert, eased South African Railways.—Mr. Llesson has been 

Last winter sent to| of the Roumelian may Company, bas lft for Phil | point chit rekdent, engineer of the Bust London. eed 

i a i; Antoine Azarian andi has also left for Europe Railway, in succession to Mr. Schmidt, who 

or \. rumour to on accoun’ 

, and they are used for irrigation commects these incidents with the proposed has had to resign t of ill-health. 


9 























ENGINEERING, Sepremser 19, 1879. 





ENGINES AND BOILERS OF THE 
CONSTRUCTED BY MESSRS. JAMES AND GEORGE THO) 


(For Descriptia, s 

















THE CUNARD STEAMSHIP “GALLIA.” 
RGE THOMSON, ENGINEERS AND SHIPBUILDERS, GLASGOW. 


escriptim, see Page 219.) 


4 ee 
— 
| 
| 


\ 


] 
\ 


























Sept. 19, 1879.] 


ENGINEERING. 


7 


219 





LITERATURE, 


Minutes of Proceedings of the Institution ¥ Civil Engi- 
neers, with other selected and abstracted Papers. Edited 
by Jamzs Forrsst, Assoc. Inst. C.E., Secretary. Vols. 
LV., LVI., LVII., and LVIII. ; Session 1878-79. Parts 
I.toIV. London: Published by the Institution. 

TuE four volumes before us contain the record of 
the Proceedings of the Institution of Civil Engineers 
for the last session, 1878-79, and a survey of them 
shows that the Institution not only well maintains 
the character of the papers read at its meetings, but 
that it is also taking a most active part in dissemi- 
nating amongst its members information as to the 
progress of engineering science and practice in all 
parts of the globe. It is noticeable, too, that this 
Institution now publishes its Minutes of Proceedings 
with a promptitude which is worthy of every com- 
mendation, forming as it does a most striking con- 
trast with the practice of even a few years 
Thus the last of the four volumes under notice was 
published on the ]st inst., and contains the account 
of the last meeting of the session on May 27th last. 
Nor has this increased speed of issue been accom- 
panied by any falling off in the manner in which the 
‘¢ Minutes” are produced. The Minutes of Proceed- 
ings of the Institution of Civil Engineers have in 
the care with which they are edited, and the general 
excellence of their typography and engravings, 
long been perfect models of their kind, and we are 
glad to say that although the publication of certain 
accepted papers not read at meetings, and of copious 
abstracts of papers and articles from foreign sources, 
now so greatly increases the bulk of the ‘* Minutes,” 
and involves so much extra work, yet the high 
standard of excellence to which we have alluded is, 
to say the least, fully maintained, 

The contents of the volumes before us may be 
divided into four classes, namely: first, the papers 
read at the meetings of the Institution with reports 
of the discussions upon them; secondly, other ac- 
cepted papers which are printed in the ‘* Minutes,” 
although not read or discussed at any of the meet- 
ings; third, memoirs of deceased members; and, 
fourthly, abstracts of papers read before foreign 
scientific societies, or published in foreign technical 
journals. Thus an analysis of the contentsof the 
volumes shows us that during the session of 1878-79 
twenty-seven meetings of the Institution were held 
= including one special and one annual meeting 

or dealing with matterssolely relating tothe manage- 
ment of the Society), and at these meetings sixteen 
papers were read and discussed. The volumes con- 
tain in addition to the papers so read, twenty-seven 
selected papers, thirty memoirs of members, and no 
less than two hundred and seventy-four abstracts of 
foreign papers and articles; these necessarily cover- 
ing a very wide range of subjects of professional in- 
terest. 

Dealing with the various classes of contents in 
the order above mentioned we find in Volume LV. 
that the first papers read and discussed during the 
session were one on ** The Avonmouth Dock,” by 
J. B. Mackenzie, one on ‘*The River Lagan and 
Harbour of Belfast,’ by T. R. Salmond, and one on 
‘* Whitehaven Harbourand Dock Works,” by J. E. 
Williams. These are all valuable descriptive papers, 
and they were discussed collectively, the dis- 
cussion occupying two evenings, and being well 
maintained. The next paper was one “On the 
Heating and Ventilation Apparatus of Glasgow 
University,” by W. W. Phipson. This er 
deals with a subject of growing interest and im- 
portance, the larger number of our public build- 
ings being admittedly defective in their arrange- 
ments for warming and ventilation, and there being 
a great tendency amongst architects to more or less 
completely ignore all provisions for such arrange- 
ments in the preparation of their original plans. In 
the discussion which ensued on Mr, Phipson’s paper 
the arrangements adopted at the Glasgow Universit 
were somewhat sharply criticised, although muc 
credit was given to the author for the success which 
he had attained under circumstances involving con- 
siderable difficulties. 

Turning now to Volume LVL., we find that the first 
paper contained in it is one on ‘“‘ Railway Work in 
Japan,” by W. F. Potter. This was, as its title 
indicates, a descriptive paper containing an account 
of the construction of Japanese railways, and also 
much me pone Nimges concerning native 
methods of working, with particulars of cost of 
labour and materials in Japan. It was followed by 
a brief discussion. The next paper is one “On the 
best Methods of Railway Gcnatrastion for the 





Development of New Countries, as illustrated 7 
the Railway Systems of South A ia,” by R. C. 
Patterson. In this paper Mr. Patterson gives an 
in ing account * vy — , 
tralia, entering into the details of permanent way, 
bridges, engines, rolling stock, &c., of both the 
gauges—5 ft. 3 in. and 3 ft. 6in.—to be found in the 
colony. The original lines in South Australia were 
made of the 5 ft. 3in. gauge, and laid with 60 1b. 
rails, but some twelve years ago an agitation was 
started for cheaper lines, and this agitation resulted 
in the extension of the 5 ft. 3in. gauge, with light 
rails of 40 1b. per yard, and in the construction of 
some new lines on the 3 ft, 6in, gauge. For the 
light lines Mr, Patterson —_ to consider the 
8 ft. 6in. gauge better suite the 5 ft. 3in., but 
for our Australian colonies as a whole he considers 
that it would have been better to have adopted the 
4 ft. 8}in, gauge throughout. ‘The 56 ft. 3in. gauge 


.| he considers is quite unsuited for opening up a new 


country. Asa whole, however, the paper was more 
a descriptive than a suggestive one, and this was 

ointed out in the discussion. In the course of the 

tter, unfortunately, the speakers nearly all con- 
tented themselves with expressing their opinions on 
the vexed question of gauge, and all the well-worn 
arguments for and against the adoption of gauges 
narrower than 4ft. 8}in. were again brought out for 
the delectation of their hearers. 

“The Geelong Water Supply, Victoria, Australia,” 
by E. Dobson, and ‘‘ The Sandhurst Water Supply, 
Victoria, Australia,” by J. Brady, are the two next 
papers, and treating on kindred subjects they were 
discussed together. As clear descriptions of executed 
works possessing special features they are both of 
much interest. The last paper we find in the 
volume we are now discussing is one “On the Con- 
struction of Heavy Ordnance,” by J. A. Longridge, 
a paper in which the author strongly condemns the 
present system of construction adopted at Woolwich, 
and advocates the plan of making guns strengthened 
by wire coils with which his name has been so long 
associated, The discussion on Mr. Armstrong’s paper 
occupied the greater part of three evenings, and was 
well maintained throughout. Our space will, how- 
ever, not permit of our giving an analysis of it here. 

Volume LVII. opens with a paper‘on ‘‘ Movable 
Bridges” by James Price, In this paper Mr. Price 
describes a great variety of movable bridges, dividing 
them into five classes, viz.: 1. Bascule bridges; 2. 
Swing bridges; 3. Traversing bridges; 4. Lift 
bridges; and, 5. Pontoon bridges; most of these 
classes being sub-divided into a number of varieties, 
The paper contains a valuable summary of data re- 
lating to a number of existing swing bridges of 
various types, and much information of a similar 
character was also brought out in the course of the 
discussion. The next paper is one on “‘ The Electric 
Light as applied to Lighthouse Illumination,” by 
James N. Douglass, an interesting subject which 
Mr, Douglass has treated very fully. The paper 
was followed by a discussion of more than ordi 
excellence, A kindred subject is also treated in the 
next paper, which is on “ Dioptric Apparatus in 
Lighthouses for the Electric Light,” by James T. 
Chance, this paper being to some extent a supple- 
mentary one to that by Mr. Douglass, and being, 
like it, followed by a good discussion. We need 
scarcely say that Mr, Chance has dealt most ably 
with his subject. 

The concluding volume of proceedings for the 
session— Volume LVIII.—contains four papers read 
at the meetings, the two first, which were read and 
discussed together, being on * Street Carriage-way 
Pavements,” by G. F. Deacon, and on ‘‘ Wood as a 
Paving Material under Heavy Traffic,” by O. H. 
Howarth, Both papers contain much valuable in- 
formation on a subject which is just now of special 
interest, and they were followed by a discussion in 
which a good many results of practical experience 
were brought out. The third paper in the volumeis 
a short one on ‘“‘The Improvement of the Bar of 
Dublin Harbour by Artificial Scour,” by John 
Purser Griffith, a subject which has recently 
received considerable attention in our own 
columns, while the fourth and last is an elaborate 
paper on “ Dock Gates,” by A, F, Blandy, the dis- 
cussion of which is postponed until the next session. 

We have now enumerated all the papers read 
and discussed during the last session of the Institu- 
tion of Civil Engineers, and it will be seen that they 
embraced a wide range of subjects, and were of a 
judiciously varied character. Of the papers them- 
we have spoken but briefly, inasmuch as they have 
all already appeared in abstract in our pages, and 


‘we need merely remark that they fully reach the 
standard of former sessions. ~ 


Of the “ other selected ” not read at meet- 
ings, but we ng the volumes before us, we can 
speak but briefly, although they include many com- 
munications of interest. Notably we may 
mention as contained in Volume LV., a description 
of ‘“‘ The Eastern Canal of France,” by W. B. Daw- 
son ; a paper on “ ‘Lhe Sl of Cuttings,” by W. 
Airy ; and one on ‘Coal Washing Apparatus at 
Beséges, France,” by J. B. Marsaut (translated and 
abstracted by A. Bache), Of Mr. Airy’s paper, 
which contains some interesting researches, we 
have more to say on an early occasion, while we 
intend shortly to lay before our readers at consider- 
able length the researches of M. Marsaut into the 
action of various kinds of coal-washing machinery. 

Of the selected papers in Volume LVI. we may 
mention a description of the “ Railway Bridge over 
the Tyne at Wylam, Northumberland,” by W. G. 
Laws, and a short notice of ‘‘The Testing of Pipes 
and Pipe Joints in the Open Trenches, with a 
Description of the Ossett Water Works,” by Mal- 
colm Patterson, this latter being a brief abstract of 
the more detailed paper on the subject which we 
have recently published in this journal. In Volume 
LVII. the selected papers are all of much interest ; 
they comprise a paper on ‘‘ The Foundations of the 
New Capitol at Albany, New York,” by W. J. 
McAlpine, a well prepared abstract of the ‘'Tech- 
nical Report of the German Railway Union,” by W. 
R. Browne, and i oo on ‘ Irrigation in Ceylon,” 
by H. Byrne, on “ The St. Gothard Tunnel” (second 
paper), by D. K. Clark, on “A Search for the 
Optimum System of Wheel Teeth,” by E. Sang, 
and ‘‘ Experiments on the Filtration of Water, wi 
some Remarks on the Composition of the Water of 
the River Plate,” by G. Higgin, this last being a 
record of facts of a very interesting character. 
Lastly, we find in Volume LVIII. eight selected 
papers, of which we have only space to specially 
mention three, viz, one ‘‘On the Strength and 
Elasticity of Materials,” by W. J. Millar, one on a 
‘* Description of Machinery for the Production and 
Transmission of Motion in the Factories of East 
Lancashire and West Yorkshire,” by G. W. Sutcliffe, 
and a ‘‘ Description of several Bridges erected in 
Switzerland; with Remarks on Bridges of Large 
Spans and the Stability of Arches,” by J. Gaudard, 
Of Mr. Sutcliffe’s paper we may remark that it is a 
pity that the arrangements for the session did not 
admit of its being read and discussed at one of the 
meetings, for while fairly describing the practice in 
the district of which it treats, it suggests a great 
number of points for discussion, and on which very 
diverse opinions are held, Altogether the subject 
of the best modes of providing motive power to our 
large mills and factories is one which might be very 
usefully ventilated at the Institution. 

Of the two-hundred and seventy-four abstracts 
of papers and articles drawn from foreign sources 
which the four volumes under review contain, it is 
obvious that we can enter into no detailed discus- 
sion here. We should state, however, that the 
have been admirably selected and well quantel, 
while there can be no doubt that they serve an 
excellent purpose in keeping their readers well ac- 

uainted with what is going on abroad. In addi- 
tion to this they also form a kind of index to the 
chief articles in foreign technical journals, and thus 
make available information which might otherwise 
be overlooked. Altogether we regard these abstracts 
as a most valuable addition to the ‘‘ Minutes of 
Proceedings.” 

Of the care and attention to accuracy with which 
the volumes before us have been produced we have 
already spoken, and it only remains for us to add 
that both from the value of their well-selected con- 
tents and the general excellence of their 
ment the volumes reflect the test credit upon 
their editor, Mr. Forrest, and the Institution of 
which he has so long been the energetic and re- 
spected secretary. 


THE NEW CUNARD STEAMER “GALLIA.” 
Ever since they inaugurated their great commercial 
enterprise in the year 1840 with the four steamships 
Britannia, Acadia, Caledonia, and Columbia, whose 
equals were not then afloat, the Cunard Company have 
invariably been in the front rank of our great steamship 
companies, and their Transatlantic service has been con- 
ducted with a regularity and freedom from misha 
which speaks more strongly than anything else could do 
for the care and ability exercised in the ent of 
these vessels, The Gallia, which is the last and most im- 
portant addition to the magnificent fleet owned by the 
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Cunard Company, has but recently taken her place on the 
Liverpool and New York route, and has already es- 
tablished herself as a great favourite with passengers 
both on the outward and homeward voyages. As she is 
to be thrown open to the inspection of the members of the 
Iron and Steel Institute on the occasion of the meeting 
of that body, which is to be held in Liverpool next week, 
we have thought that it might bo peculiarly appropriate 
if we devoted a portion of our space in-to-day’s issue to 
an illustrated description of the vessel and her machinery. 
This, we are pleased to say, has been rendered possible 
through the courtesy of Messrs. James and George 
Thomson, of Glasgow, the eminent firm who built and 
equipped the vessel, and who have been most intimately 
identified with the Cunard fleet for mauy years. Our 
illustrations comprise a perspective view of the Gallia 
on @ 228; a two-page engraving showing the general 
arrangement of the engines and boilers ; and views of the 
engines themselves on the present and opposite pages. 
The Gallia is an awning-decked, or four-decked, and 
barque-rigged ship of the following dimensions: Length 
of keel, 430 ft., and over all 450ft.; breadth of beam and 
depth of hold (both moulded) 44ft. and 36 ft. respec- 
tively ; and, as in all the steamers of the Cunard Line, 
her iron and wood scantlings are generally much in excess 
of the official requirements of Llioyd’s. Both the upper 


or promenade deck and the spar deck are constructed of 
iron throughout, while the main deck is also formed of 





Fig. 5. 

















iron for two-thirds of its length amidships ; and in the , 


lower there are the ordinary ties and stringers. The 
main and spar shears are double for two-thirds of the 
length of the ship; the promenade shear is double 
throughout the ship’s whole length; and at the bilge 
there are three strakes of plating which are also double 
over a length of two-thirds of the vessel. All through 
the engine and boiler space, up to the lower deck stringer, 
there are deep web frames which are connected by 
means of heavy brackets; and owing to the weight to be 
borne and the great strength required, the engine seat is 
formed by carrying the floors of the ship up solid to the 
bottom of the soleplate, and is then plated from side to 
side of the ship with plates of j-in, thick. The forward 
end of the ship is strengthened for panting with double- 
plate plating, with intercostal stringers, and with J- 
beams, all of which are attached to the shell of the ship, 





thus forming a system of heavy breast hooks which have | 


been found necessary in heavy Atlantic steamers. When 
she was last in Liverpool, after having made several 
voyages, the Gallia was docked, and a careful examination 
of her which was then made, most satisfactorily proved 
that she betrayed no signs of weakness, 

As regards the disposal of the interior of the Gallia, we 
may mention that the spar and main decks are appro- 
priated entirely to the accommodation of the passengers, 
and all the space underneath the main deck is set 
apart as cargo space. Her coal bunkers reach up to 








the main deck, and have space for stowing 1200 tons of 
coal. There is an extra bunker forward which is capable 
of containing 500 tons of coal additional, or if need be 
it can be used for stowing cargo instead. Access is 
gained to this extra bunker by means of a tunnel which 
passes through the main forward bunker. In order that 
any inflammable gas that is given off by the coal may 
readily escape into the open air, the bunkers are pro- 
vided with ventilating pipes. The main deck is taken 
up from end to end with the accommodation for first-class 
passengers, its main saloon, which is abaft of the engine 
space, being capable of seating about 100 persons. ‘lhis 
saloon is lighted by means of embossed glass in the 
upper portions of the state-room bulkheads. The principal 
dining saloon, which is situated on the spar deck im- 
mediately abaft of the engine hatch, and is lighted by 
a large and elegant cupola, is a most spacious apartment, 
having sitting accommodation for about 220 passengers. 


| Sleeping accommodation is provided for the first-class 


passengers both on the main deck and the spar deck, in 
the latter case abaft of the main saloon. The state 
rooms all through the ship are of an unusually roomy 
character ; some of those which are forward measure 
about 10 ft. by 7 ft.; and partly on account of the large 
size of the state rooms generally, the Gallia is a special 
favourite with passengers to and from New York. 
Taking two persons room, which is the rule in all the 
Cunard liners, there is accommodation on the two decks 
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mentioned for about 320 first-class passengers; and if 
the state rooms generally were each apportioned to four 
passengers there would be ample accommodation for 
nearly 500 persons. The arrangements for the ventila- 
tion of these state rooms have been most carefully con- 
sidered, and so far as the main deck is concerned the 
ventilation may be regarded as practically perfect; indeed, 
in respect of the ventilating arrangements generally the 
Gallia has no equal in the Cunard fleet. 

There are nine iron bulkheads throughout the ship, 
seven of which run up to the spar deck, and are water- 
tight, the other two being the fore and after peaks. In 
consequence of the adoption of this constructional ar- 
rangement, the owners of the Gallia have made her to 
fulfil all the Admiralty requirements for employment in 
war or transport service. 

All the deckhouses are of iron. The midship house, 
which is about 100 ft. long, comprises, in the fore end, 
the officers’ rooms, then the companion-way to the spar 
deck, the forward air hatch, the space occupied by the 
steam-steering engine, and the emigrants’ galley ; then, 
around the funnel, there are the drying rooms ; abaft 


of these there are the galley for the saloon depart- 





ment, another air hatch, the donkey boiler, and the after 
companion-way. On the spar deck, underneath the 
galleys, there are receiving rooms provided with hoists, 
so that none of the food in process of being conveyed to 
the emigrants or to the saloon department, is ever seen 
on the promenade deck. On this midship deckhouse, 
forward of the funnel, there is a small house which con- 
tains the steering wheel connected with the steam-steer- 
ing gear; and over it is built a flying bridge which is 
about 15 ft. clear of the spar deck. Passing aft we come 
to another deckhouse, which includes the engine hatch 
and the captain’s rooms—in all about 37 ft. All the 
parts hitherto mentioned as being embraced in the deck- 
houses are more or less completely indicated in the ver- 
tical, section Fig. 1 of the two-page engraving which 
we publish this week. The after deckhouse, which has a 
total length of 60 ft., includes a large smoking-room, a 
well to convey light and air to the main saloon on the 
spar deck, a deck saloon for ladies, and the companion- 
way to the lower or main deck saloon. All these deck- 
houses are connected with each other by means of gang- 
way bridges, so as to enable the captain or officer on 
watch to reach the standard compass on the after-house 





without requiring to go down to the deck among the 
passengers. Over all there is a total length of promenade 
on the deckhouses of about 220ft.; and, as is usual in 
the Cunard ships, the whole is surrounded with hand- 
some protecting rails of brass. 

The steam-steering engine referred to in the foregoing 
paragraph (Muir and Oaldwell’s patent) is an exceed- 
ingly ingenious and effective piece of mechanism ; and 
one great advantage which it possesses is that it is prac- 
tically, if not even absolutely, noiseless in its operations. 
On another occasion we may describe it in detail. 

There are three distinct look-out bridges—one on the 
after-house, for the quartermaster stationed at the 
standard compass; one forward, which is supported by 
two iron lighthouse towers provided for the safety of the 
signal lights, and so devised that they may be entered 
from the deck below in all weathers without danger or 
difficulty ; and the other amidships for the use of the 
officer on watch. 

In the after part of the vessel there is a spacious wheel- 
house, which contains a powerful hand-steering gear, 
provided with double wheels, and so arranged that the 
usual screw gear can be wrought; while in the event of 
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that giving way, arrangements are made for the use of 
auxiliary gear, in which purchase blocks are employed. 
The Gallia is thus seen to be fitted with three distinct 
sets of steering gear, the safety of the ship and her 
sengers being abundantly provided for, so far as that 
important feature of her mechanical arrangements is 
concerned. 
_ Abreast of the receiving-rooms, already referred to in 
connexion with the spar deck, there are the pantries, 
sculleries, &c., appertaining to the steward’s and cooking 
departments, aft of which come the engineers’ rooms, the 
officers’ rooms, the doctor's room and surgery, barber’s 
shop, &c., while forward of these there are the rooms 
for the quartermasters and stewards, the lavatories and 


water-closets for the seamen and emigrants, and hospitals | } 


for the latter. Still further forward accommodation is 
provided for the firemen and seamen, with a steam 
windlass (Harfield’s patent) between for working the 
ship’s cables, which are 2,4, in. indiameter. The anchors 
with which the Gallia is furnished are all of Trotman’s 
tent, with box stocks. The bower anchors are very 
eavy, namely, two of 58 cwt. each, and one of 54 cwt., 
exclusive of the stocks. 

As already mentioned, the ship is barque-rigged. All the 
standing rigging is of charcoal iron wire, and the overhead 
running gear, as usual, of hemp, and the yards fitted with 
Cunningham's patent reefing gear. There are ten large 
boats all fitted as lifeboats, and all furnished with Hill 
and Clark’s patent lowering apparatus, so that they 
may be brought into service without delay in the 
event of an emergency arising when the ship is at sea. 
The fore and main lower masts are of iron, 30in. in 
diameter at the deck; but there is no ironwork of any 
kind whatever near the mizzen mast, in order that there 
may be no magnetic disturbance caused to the compass 
which is hung upon it. We may here mention that 
the Gallia is furnished with eight compasses, three of 
which embody Sir William Thomson's patented improve- 
ments. 

Directing attention now to the furnishing and decora- 
tion of the passenger accommodation of the ship, we 
should mention in the first place that the lower dining 
saloon, that on the main deck, is richly furnished and 
decorated in white and gold; while the main saloon, on 
the spar deck, which is 42 ft. long and the whole width 
of the ship, is finished’ with satinwood, with redwood 
mouldings surrounding a series of panels executed in 
Japanese lacquer work, which is quite outside the beaten 
track of ship ornamentation. In the latter one knows 
not which to admire most, the richness of colouring or 
the variety and quaintness of the designs, which are 
worked out in gold on a crimson-coloured ground. This 
most spacious apartment is also furnished with a number 
of large and very handsome mirrors, and with the neces- 
sary fittings for dining purposes, all of which are of the 
very highest excellence, The floor is laid with oak 
perquetry, of Belgian workmanship, and displaying 
much taste in design and skill in execution. In both 
saloons there are revolving chairs at the dining tables, 
which are made of maple and covered with morocco 
leather. The carpets used in both saloons are of 
Axminster make, and are alike rich in colour and in de- 
sign, Underneath all the tables in both saloons there is 
laid a system of steam pipes for heating the apartments 
in cold weather; and the same system of heating is also 
provided in the state rooms and in the steerage portion 
of the ship. Abaft of the upper saloon there is the 
ladies’ boudoir, which is a most elegantly and luxuriously 
furnished apartment, being finished in satinwood with 
beautiful slabs of Mexican onyx forming the panelling, 
and with blue velvet covering to the seats. The ladies’ 
deck saloon is finished in white and gold in an exceed- 
ingly chaste manner. The smoking-room in the deck- 
house is done in teakwood, with parquetry flooring, the 
framework of the tables being of bronzed iron, while the 
tops are also of onyx, which are quite a novel feature ; 
and there is in addition a handsome onyx fountain. It 
should be stated that the Japanese panelling, the par- 
quetry flooring, and the onyx panelling and table tops 
were all supplied by the well-known firm of Messrs. 
George Trollope and Sons, London. All the state rooms 
and saloons are brought into communication with the 
pantry and the steward’s quarters by means of a system 
of pneumatic bells; and most of the fittings in the same 
are finished in electro-plate. 

Referring more specially to the drawings with which 
this notice is accompanied, we may now proceed to speak 
of the machinery occupying the engine and boiler space, 
and employed in the propulsion of th» ship. The engines 
are of the compound high and low-pressure, direct-acting, 
and three-cylinder type, there being one high-pressure 
cylinder 63 in. in diameter and two low-pressure cy- 
linders each 80 in. in,diameter, while the length of piston 
stroke is 5 ft. As will be seen from our two-page 
engraving the high-pressure cylinder stands forward, 
while the other two cylinders are in line with it aft. 
From further reference to the views on pages 200 and 
201, it will be observed that the valve of the high- 
pressure cylinder is placed on the forward end so as to 
admit of an a ent for relieving the pressure on 
the back of the valve, and that the valves of the two 
low-pressure cylinders are placed between these cylin- 
ders. The crankshaft is formed in two pieces—one for 


the high-pressure engine having one crank, and the 
other for the low-pressure engines with two cranks upon 
it. Thejournals of this shaft are 21 in. in diameter, and 
there are five of them, placed as shown. All the con- 
necting rods, as indeed all the working parts of the en- 
gines, are specially arranged so as to be easily adjusted. 
The engines are started by the steam and hydraulic 
starting gear invented and patented by Messrs. Brown 
Brothers, Edinburgh, and shown in Fig. 5, page 200; 
and while the vessel is in port her engines are turned 
by a separate steam engine. 

The surface condenser is of the box type ; it is fitted with 
brass tubes and tube plates, the former being packed with 
glands and cotton packing. The condenser tubes are 
in. in diameter and 9 ft. long, and the total condensing 
surface is 8800 square feet. The engines can be worked 
either as surface-condensing or as ordinary injection 
engines. Water is circulated through the condenser by 
means of two large centrifugal pumps of Messrs. John 
and Henry Gwynne’s make. One of them is quite suffi- 
cient to work tha engines while going at full power, and 
the object of having two is to provide against any 
accident arising. There are in connexion with the 
engines two air pumps, three feed pumps, and two bilge 
pumps, besides which there are provided two large 
donkeys as auxiliaries in case of need. 

The propeller has a boss with movable blades—the 
former being made of iron, and over 10 tons weight, 
while the blades are made of steel, and were cast 
by Messrs. John Brown and Co., Sheffield. In all, the 
propeller weighs about 24 tons. Dunlop’s pneumatic 
governor, as described at the meeting of the Institution 
of Mechanical Engineers recently held in Glasgow, and 
as illustrated by us on page 187 of our eighteenth volume, 
is adopted in the Gallia. 

Steam is supplied to the engines by eight cylindrical 
boilers, 14 ft. 6 in. in diameter, and 9 ft. 6 in. long. As 
seen in Fig. 1, each boiler is fitted with three furnaces, so 
that in all there are 24 furnaces, the total firegrate sur- 
face of which is 588 square feet. The boiler tubes are 
8} in. in diameter by 7 ft. long, and the total heating 
surface in the eight boilers is 13,000 square feet, while 
(as will be seen from our two-page engraving) there is a 
superheater surrounding the base of the chimney an 
exposing 400 square feet of surface. The working pres- 
sure is 75 1b. per square inch. In addition to the main 
boiler there is also, as shown by our two-page engrav- 
ing, an auxiliary boiler placed at a higher level and 
available for working the donkey pumps or fire engines. 
This boiler is 8 ft. wide, 8 ft. long, and 10 ft. high, and 
has three furnaces 2 ft, 6 in. in diameter. 

On her speed trials, which took place a few months 


ago, the engines of the Gallia gave out 5300 indi- 1 


cated horse power, and the vessel has since proved 
that in actual practice crossing the Atlantic she can 
maintain that power, as the mean of a recent voyage 
home from New York was 5261 indicated horse power, on 
a consumption of coal which never exceeded 98 tons per 
24 hours. These results are equal to 1.73 Ib. of coal 
consumed per indicated horse power per hour. 

Speaking of the speed of the Gallia, we should in the 
first instance say that she was not specially designed for 
attaining a degree of swiftness that had heretofore been 
unequalled in first-class Atlantic liners. The builders 
came under a guarantee to the Cunard Company that 
she should steam at least one-half knot faster than the 
Bothnia and the Scythia, the two vessels which were 
added to the fleet immediately before the Gallia; in 
other words, she was to have a speed of not less than 
14.3 knots per hour. Her actual speed on her pro- 
gressive speed trials was equal to 15.9 knots per hour ; 
and on the following day, when she made an experimental 
cruise in the Firth of Clyde, she ran the measured mile 
in 3 minutes 45 seconds, which was equal to 16 knots, or 
18} statute miles, per hour, or 1.7 knots over the gua- 
ranteed speed. In her voyages to andfrom New York 
hitherto she has scarcely ever had anything but gales 
ahead, in consequence of which she has not yet had a 
chance of making what may be termed a “crack” run. 
As it is, however, she has attained speeds ranging up to 
883 knots per 24 hours, and has made the run from 
Queenstown to New York in 7 days 19 hours, which 
means that she has become a Monday ship instead 
of a Wednesday ship in respect of her arrival in New 
York. 

The foregoing are undoubtedly important results, espe- 
cially when compared with those attained thirty-nine 
years ago by the pioneer boats of the Cunard Line; 
indeed, they may be spoken of as extraordinary: But in 
these days of keen competition in the Atlantic steam 
shipping trade there can be no “finality,” though, for a 
time, steamship owners may “rest and be thankful.” 
Steam navigation, however, is a highly progressive art, 
and hence the Cunard Company cannot afford to remain 
permanently satisfied with a speed of 7 days 19 hours 
from port to port. When the length of the voyage is re- 
duced to six and a half days, which we believe to be one 
of the possibilities of the immediate future, there will 
certainly be some room for congratulation. It remains 
to be seen whether or not it will be the good fortune 
and proud distinction of the Cunard Company to be the 
first to attain that result. 

On the occasion of the launch of the Gallia it was 








stated that she was the forty-first steamer which Messrs, 
James and George Thomson had built for Messrs, 
Burns—a total of upwards of 90,000 tons and 17,000 
horse power nominal, It was further remarked that the 
Cunard Company had resolved that they would be up to 
the requirements of the day in speed, and at the same 
time have their ships equipped with everything necessary 
for the comfort and convenience of passengers; in 
fact, they meant to go ahead and let none outstrip them. 

That the Gallia has already established herself as a 
great favourite with travellers across the Atlantic, as 
already indicated, is shown by the following facts: In 
her first outward voyage, which was made in April last, 
before the regular travelling season had begun, she had 
over 200 saloon passengers aboard; while in her first 
homeward voyage all her accommodation was taken up 
with passengers, and it was likewise all secured in advance 
for several subsequent homeward voyages. When she 
set sail for New York on her last outward voyage, on 
August 23, she had upwards of 300 saloon passengers 
with her, a number of whom had entire state-rooms to 
themselves. 





A NEW PROCESS IN METALLURGY.* 
By Mr. Jonun Hottway. 


Tue theory of this process has been developed from 
known principles, aided by experimental work undertaken 
for the purpose of investigating the action of rapid oxida- 
tion upon pyritors substances, with a view to their metal- 
lurgic treatment upon a large scale. Before these experi- 
ments were made, metallurgists had not realised the fact 
that pyrites and other sulphides (even with the addition of 
a considerable proportion of incombustible materials) can 
be decomposed and fused by the heat developed in the 
oxidation which takes place whenever air is rapidly brought 
into contact with an excess of molten sulphides. When 
this is effected by introducing air under pressure through 
apertures of a few millimetres in diameter in the bottom 
of a hearth upon which the molten sulphides lie, the results 
produced are very remarkable. Thus when cupreous 
pyrites was so treated, a true combustion of the more 
oxidisable constituents took place, flame and incandes- 
cence resulted, and the decomposition was effected with 


qd | great rapidity. 


_ It was primarily surmised that in this manner, neglect- 
ing the influence of mass, the elements would be burnt in 
the regular order of their relative affinities for oxygen, and 
that the second atom of — in iron pyrites, which can 
be expelled by fusion, would escape oxidation in the molten 
bath and be volatilised in the current of sulphurous acid 
and nitrogen emerging from the surface of the molten 
liquid. The more volatile oxides and sulphides in the 
material operated upon, such as those of arsenic, antimony, 
ead, and zinc would volatilise with this freed sulphur, and 
condense partly beforeit, though more or less contaminating 
that product. If the oxidation be arrested at a point de- 
terminable by practice, calculation, or some marked change 
in the spectrum, two products of different specific gravity 
will be obtained, namely, a slag of silicate of iron, lime, 
alumina, &c., containing the iron protoxide resulting 
from the oxidation of the iron sulphide, combined as silicate 
with the siliceous ane materials preseat in the bath ; 
and underneath this, the regulus or remaining unburnt 
sulphides, containing in an approximately known state of 
concentration the more valuable metals derived from the 
metalliferous substances operated upon. It was, however, 
necessary for the practical application of the theory that 
sufficient heat should be developed during the combus- 
tion of the iron, zinc, or other less valuable sulphides to 
keep the materials molten during the tion. The 
temperatures of combustion of various sulphides, calculated 
from known data, approached the maximum temperature 
attainable by the combustion of coal, and this inspired a 
considerable amount of confidence. In the case of iron 
pyrites these calculations are only rough approximations, 
as the latent heat of sulphur vapour is not known. It was 
found that when thus treating cupreous pyrites, the order in 


which the elements became oxidised was as follows : 


5 ie Il. III. 
Zinc and iron. Sulphur. Lead and copper. 


The above reactions find a parallel in the elimination of the 
metalloids from cast iron by Bessemer’s process, in which 
silicon and carbon and then phosphorus and manganese are 
successively burnt out the crude metal. Parallel 
analogies also exist between the processes of puddling and 
English neues smelting ; where the oxidation proceeds but 
——e the necessary heat is obtained by the burning 
° ‘ 

The foregoing conclusions have been verified experi- 
mentally ; full particulars thereof will be found in papers 
a before the a Arts, February 12th and 
April 30th of this year. Without recording the crucible 
experiments, I will proceed to describe briefly those made 
at Penistone and Sheffield. In the former place, ordinary 

ssemer converters were used, as they were the only 
existing s plant available, but it was from the first con- 
templated that a very different description of furnace would 
be requisite. The first of these experiments was made on 
the night of July 10th of last year, at Messrs. Charles 
Cammells’ Penistone Works. The pyrites employed con- 
tained about 2} per cent. copper, 1.5 oz. silver, and approxi- 
mately three grains of gold per ton. About six tons of 
this mineral was melted in a cupola furnace, and the re- 
sulting protosulphides, run into a converter. In this in- 
stance no siliceous fluxes were added, the requisite silica 


* Paper read before the British Association at Sheffield. 
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being obtained from the gannister lining. The blast of air 
was at a pressure of from 15 lb. to201b. ~The temperature 
gradually but steadily increased ; a flame burnt contmuously 
at the mouth of the vessel, where, after about twent; 
minutes’ blow a Rp ng wy! marked 1000 deg. C., an 
wrought iron melted in the incandescent sulphur vapour. 
The contents of the vessel were now very liquid, and at this 
period the protoxide of iron appears to have become con- 
verted into silicate as soon as it was formed. After thirt 
minutes’ blow the siliceous lining gave way at a wea 
place, cut through by the protoxide of iron, and a thin 
stream of very hot and liquid slag poured into the pit 
below. The converter was therefore emptied. The ‘slag, 
consisting of orthosilicate of iron, 2FeO, Si O., orystal- 
lised on cooling in large and well-defined crystals above a 
regulus of iron and copper, the line of d tion betw 
the two being very distinct. If the oxidation had been 
continued longer a yet higher temperature would have been 
obtained. Onjthe succeeding night the experiment was 
repeated several times, but siliceous material was thrown 
into the vessel during the operations, which greatly miti- 
gated the corrosive action of the protoxide of iron on the 
siliceous lining. On 17-18th July further experiments were 
made, and valuable data obtained. The pyrites used was 
the same as before. Red sand was thrown into the con- 
verters. 

In experiments made at the commencement of November, 
1878, the blow, after having been commenced with some 
molten protosulphide, was continued with the addition of 
four tons of cold pyrites in large lumps, together with 9 cwt. 
of moist sand. When the converter became too full of 
material, half the charge was tipped out, and the blow was 
continued with the addition of 18 ewt. of pyrites and 3 ewt. 
of sand. On the 5th of February last about 18 tons of raw 
pyrites, with sandstone, were treated continuously in this 
manner inone Bessemer, being converted into silicate of 
iron slag and a rich regulus at the rate of over two tons an 
hour. In all these experiments the blast entered cold and 
the gases escaped at a high temperature ; sufficient = 
tities of siliceous fluxes were not added, and the resulting 
dense slag occasionally entrapped considerable quantities 
of copper. But in specially constructed furnaces, where 
the heat produced is properly taken advantage of, and 
possibly augmented, much larger quantities of flux can be 
added, which will enable a slag to be produced containing 
less copper than is now found in the rejected slags of the 
Swansea process. 

Further-experiments were made at Messrs. John Brown 
and Co.’s Atlas Works, Sheffield. A rough plant was 
extemporised by connecting several ordinary cupolas, as 
shown in the diagram, one of which was provided with a 
Bessemer hearth. The sulphur and sublimates were con- 
densed in the second and third cupolas. A portion 
of the theoretical yield of sulphur was thus obtained, not- 
withstanding the imperfect appliances used. Slag and 
regulus were produced as before, and it was evident that 
the process could be carried on continuously. These ex- 
periments were not continued for any length of time, partly 
owing to the faulty construction of the forepart of the fur- 
nace, and partly to the irregular manner in which the 
materials were introduced. 

The spectroscopic observations taken by Dr. W. M. 
Watts during the course of these experiments were valuable 
and interesting, and I am indebted to him for the following 
information : 

In the sagethents at Penistone two spectra were ob- 
served ; the first, that given by the flame from the charging- 
door of the cupola in which the pyrites was melted; the 
second, produced by the blast of air through the molten 
protosulphide in the converter. The cupola-spectrum was 
shown by direct comparison with the spectrum of a flame 
coloured by lead chlorate to be mainly due to oxide of lead, 
but contained besides some few of the lines which appear 
to be proper to the converter-spectrum. Analysis showed 
that the lead present in the ore was almost entirely volatilised 
during the preliminary melting of the ore, the molten 
protosulphide charged into the converter containing only 
0.8 per cent. lead. The converter flame gives a brilliant 
spectrum extending from the lithium line somewhat beyond 
the thallium line, which is usually present. Its most 
marked feature is the presence of four bright red lines 
about equally spaced between the sodium and lithium lines. 
Their wave lengths, as far as at present known, are 
approximately 5999, 6151, 6320, and 6466, besides a fainter 
line at 6113. These lines are not those of any known 
2. The way in which the flame is obtained suggests 
the theory that they are sulphur lines. When sulphur is 
burned in air or oxygen the spectrum obtained is entirely 
continuous, and even if air be bubbled through boiling 
sulphur no lines are obtained. Two spectra of sulphur 
obtained by the electric discharge through a vacuum tube 
containing vapour of sulphur ibed, but 





U ve been descri 
neither contains these four red lines. The spark with a 
Leyden jar in a current of sulphur dioxide at the ordi 
pressure er a spectrum (at present under investigation) 
apparently not previously described, in which, however, 
the red lines are altogether different from those of the 
converter-spectrum. The constancy with which these four 
red lines are ted toget seems to preclude the 
possibility of their being due to different substances, 
otherwise the most refrangible line might be due to lead. 
No lines of cop er were observed except in the fourth ex- 
eriment, in which all the lines except those of sodium 
isappeared about six minutes before the turn down. 
When in this experiment, towards the end of the blow, the 
subsulphide of copper began to burn, a splendid emerald 
green flame suddenly appeared, and all the lines except 
those of copper and sodium left the spectrum. During the 
— = pumaion of ow te ou of *y converter 
and withou e, the sulphur and oxidi 
— em — ot out. , — 
e pyrites, r fusion in the cu i 
Guia contains pola at Penistone, gave 








If. ITf. 
Per cent. Per cent. 

Tron. 59. 60.30 
Copper ... 3.52 3.25 
Zine... 1.52 1.88 
ie 0.79 0.81 
Arsenic... a see iia 0.06 0.05 
Manganese... eee eee 0.21 0.20 
Alumina am eos cag 0.15 trace 
Lime 0.28 0.34 
0.27 0.32 

Sulphur 33.10 32.50 
Silica ... 0.15 0.30 
99.67 99.95 


The products consisted in the first place of a regalus, 
having a greater density than ordinary copper regulus on 
account of the larger proportion of iron, as compared 
with sulphur therein contained. The average specific 
gravity is 4.96. The following analyses illustrate the com- 
position : 














Lt ILt IIL* Vv." Vit 
Per Per Per Per Per 
cent. cent. cent. cent. cent. 
Irom we 57.10 56.05 12.56 13.20 13.16 
Copper ... 15.85 1659 62,36 6343 - 59.98 
Zinc, OBA KB KF FBO oats 
) ey, er, a 0.22 0.31 0.14 we ag . 
a 
Arsenic .., 0.04 0.03 
Manganese 0.22 0.20 
Alumina... 0.11 0.13 
Lime bee 0.34 0.16 
Magnesia exe 0. 0.25 
Sulphur... soe 21.96 23.47 22.22 20.37 21.94 
Silica or insoluble 
residue ‘ 2.00 1,10 0.28 1.20 2.57 - 
Oxygen and not 
estimated 0.98 1.23 2.02 1.80 2.198 
100. 100. 100. 1 


00. 100, 
oz. dt. gr. oz. dt. gr. dt. gr. oz. dt. gr. 


Silver per ton of 
101610 1115 10 5416 48 5 6 


0612 070 L:2 @:+23-O 


The slag, the second product, when produced without the 
use of extraneous basic flux, is a black, lustrous, normal 
silicate of protoxide of iron, having the formula 2 FeO, 
SiO,. Sulphur sometimes replaces part of the oxygen in 
it. Some specimens were very finely crystallised; the 
specific gravity is 4.05. This slag keeps very liquid at the 
temperature of the operation. The following re ts 
the normal composition when using only sand as flux, and 
when no precautions are taken to obtain a complete separa- 


OZ. 


regulus... we 
Gold 4 ton of 
regulus . 








tion of the regulus from the slag : 
It ILt IIL* V+ VIS 
Per Per Per Per Per 
cent. cent- cent. cent. cent. 
Iron protoxide ... 53.380 54.62 59,00 67.17 67.52 
Iron peroxide ... one 3,00 3.71 
Iron combined with 
sulphur eee ose 5,79 4.27 
Copper combined with 
sulphur daar. tel 0.16 0.22 1.55 087 0.42 
Lead... 0.12 0.10 
Zinc oxide 1.15 1.75 0.98 
Arsenic ... eee trace trace none 
Manganese oxide 0,32 0.87 0.30 
Alumina ... se 2.15 2.06 ar 2.46 
Lime 0.40 0.87 0.63 0.07 
Magnesia 0.46 0.45 
Sulphur ... 3.39 2.55 6.67 1.08 2.06 
Silica =... ons és 29,90 30.06 29.55 28.58 26.22 
Oxygen and not esti- ‘ 
mated ... oss ose 0.24 228 1,32 
100.14 100.52 100, 100. . 100, 


When, however, the products are overblown, the proto- 
silicate burns to silicate of peroxide of iron, a more in- 
—_ and less dense silicate, of which the following is an 

51s : 





* 
Per cent. Per cent. 
Seen pactestil 25.10 
nm protoxide ‘ oe 
Iron peroxide |. ... 33.835 —49-27 Fe. 
Manganese protoxide ose 0.12 
Alumina... Be pa 1.81 
Zinc oxide 0.73 
Copper oxide 2.39 = 1.91 Cu. 
Lead oxide ... aie 0.03 
Lime ... ase ass ies 0.24 
Magnesia... as eve 0.30 
Sulphur ee eee ose 0.15 
Arsenic ie ose a none 
Phosphoric acid _... eve 0.031 
Not estimated and insoluble 
residue jae ose 1.45 
100.521 


The third class of these products consists of metalliferous 
sublimates, and of sulphur. As an example of the former, 


the following may be quoted : 


Per cent. Per cent. 


Sulphate of lead 52.08 
Sulphide 1729} 30.91 Pb. 
Zinc oxide eee 21.78 =17.47 Zn. 
Copper oxide ove 0.09 = 0.07 Cu. 
Tron sesquioxide 2.86 
Insoluble residue . 2.14 
Not estimated and loss 3.76 
100. 





The following is an analysis by Mr. J. S. Merry, of 
Swansea, of the crude sulphur dried at 100 deg. a t 


cent. 
Sulphur ans was ‘ad oba «os | 63.30 
Silica ts rs ons “ 908 7.00 
Tron ... o00 re is “Ke a 2.76 
Arsenic res ne pee a we 7.12 
Zinc ... z. ree te ves ota 2.74 
Lead ... a a boy ns 8.95 
Lime ... ses ie oie trace 
Magnesia ... : eee trace 
Alumina... in ons ons eee trace 
Oxygen (traces), carbon and loss ° 8.13 
100. 


_ The fourth, the gaseous product of the operation, con~ 
sists mainly of sulphurous acid and epee. The follow- 
ing are the analyses by Dr. Frankland, F.R.S. : 


4 II. 
Per cent. Per cent. 
00 88.37 


Nitrogen ... oo §«=«_. 86 
Sulphurous acid ih00 10.88 
Oxygen ere eco _ 0.75 





100. 100. 

The principal cost of plant will be for the blast. I am 
indebted to Mr. W. H. Cutler, C.E., Queen Anne’s Gate, 
Westminster, for the following information : ‘‘ The cost of 
a suitable pair of air pumps to pump 2000 tons of air per 
month of 28 days, working day and night, or 24,000 tons of 
air per annum, each pump capable on emergency of pum: 
ing the ques quantity of air at 101b. pressure on 
square inch, viz., 30}in. in diameter with 5ft. stroke, on 
strong cast-iron bedplates, will be 7421.10s. The power 
required will be 100 horse power. The dimensions and 
cost of the turbine must depend on the fall of water. For 
example, a fall of 72 cubic feet per second for 18 ft. would 
drive a turbine 79 revolutions per minute, and produce 108 
horse power.’’ The cost of one of Mr. Cutler’s turbines, 
of suitable dimensions, would be 2201. That of the furnace 
would not exceed 100/., and say 2001. for a culvert for col~ 
lecting the sulphur and other sublimates. Twenty-four 
thousand tons of air would be more than sufficient to 
supply the necessary 0: m to 15,000 tons ob ppriien, since 
Ld part by weight of air will convert one of ordinary 
cupreous ae rich us. It therefore appears 
from the oregoing figures that where sufficient water 
power is available a plant capable of treating 15,000 tons of 

ites annually could be erected at a cost of about 15001. 

here, however, water power is not available, steam 
boilers will be requisite, and the additional cost for plant 
may be 5001. or ——- 10001. Messrs. Howson and 
Wilson estimate { compound engines of 2400 horse 
power, with 23 boilers of ordinary size heated by 20,000 
tons of coal, would be sufficient to supply 480,000 tons of 
air annually at a pressure of 17 lb. per square inch. . This 
quantity is more sufficient to supply the necessary 
oxygen to 300,000 tons of pyrites. e same gentlemen 
estimate that the consumption of coal requisite to heat the 
blast to 1000 deg. Fahr. would be about 11,000 tons per 
annum, but this quantity will be materially dec if 
the heat from the exit gases be utilised. 

With regard to the furnace it is proposed to make the 
hearth, or rather crucible, of siliceous, aluminous, or re- 
fractory carbonaceous material. A sufficiently large pro- 
portion of siliceous flux in the furnace charge will greatly 
mitigate the action of the resulting iron papas upon the 
silica of the lining. Aluminousshrunk bricks may answer 
still better. It might even be found convenient to allow 
considerable corrosion to the lining to take place, if the 
converting hearth is of such form, and the materials are of 
such a nature, that it can be ily and economically 


renewed. 
It may be also advantageous to run the regulus and slag, 
after the desired concentration has been effected, directly 
on to the hearth of a reverberatory furnace, where they 
can be kept molten by external heat, and where a more 
rfect separation of the one from the other may be effected. 
5 such a furnace the oxidation of the rich regulus 
would probably be most conveniently effected, although it 
is of course ible to produce metallic copper from the 
regulus by the transmission of air currents in a specially 
constructed furnace. — 

Not only would antimony, lead, zinc, copper, nickel, 
silver, and other valuable metals be extracted from the 
sulphides that contain them, but also from the incom- 
bustible fluxing materials that are added to the charge, and 
the extraction of the copper, and silver and gold will pro- 
bably be more complete, than by any other known process. 
In countries where cupreous siliceous schists and sand- 
stones abound, the use of these as siliceous fluxes would 
partially, if not wholly, compensate for the loss of copper 
in the slag. Thus, by using 0.5 ton of such material, 
containing 0.5 per cent. of copper for each ton of the 
sulphuretted ore, the whole of the copper could be re- 
covered from the latter, assuming the slag to contain even 
as much as 0.2 per cent. of that metal. 

The crade sulphur —y eo freed from the accompanyi 
sulphide of arsenic by boiling it with milk of lime, oan 
from the metallic oxides and sulphides with which it is 
contaminated by distillation ; or _—o- by bisulphide 


of carbon might be resorted to. sulphurous acid can 
be oxidised in chambers to sulphi id, eitaer with or 
without previous liquefaction. 

This process, on account of its pg ps, Ma economy, 


may reasonably be expected, not only to take the place of 
the ordinary smelting, but also of many of the wet pro- 
cesses now in use. 








+ Analysed by Mr. J, E. Stead, + By Mr. E. Riley. 
A. E. Arnold, od 7 


* By Mr. 
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REVERSIBLE MOULDING MACHINES. 

A RoTaRY cutting implement to run in two directions 
and cut both ways, will perhaps seem an impossibility 
to many used to wood-working machinery, yet that mode 
of operating shaping machines has become quite common 
in America, and has been, to some extent, introduced in 
this country. We annex an engraving showing one of 
these reversible machines by Messrs. Richards and 
Atkinson, engineers, Manchester, while subjoined is a 
view of one of the peculiar cutting implements employed 
to cut both ways. 





The machine is made very substantial because of the 
high speed of the spindle; it is, however, of very simple 
construction. The spindle is raised or lowered by the 
handwheel and screw seen in front. The pulley is formed 
of thin brass to insure lightness, and the bearings have 
oil reservoirs to maintain lubrication. The countershafts 
for these machines are driven ata high speed, and as two 
loose pulleys running in opposite directions are required, 
one or the other of these has a relative speed twice as 
great as the shaft. Inthe present case the shaft is of 
steel, as small in diameter as possible. The pulleys are 
bushed with brass and have annular oil chambers to keep 
a supply of oil. 

The cutters shown in the detail view are turned out of 
solid pieces of cast steel, the sections are then cut out as 
shown, and the periphery made on to a polygonal form, 
that is the cutting sections are flattened on the periphery 
so as to give clearance. In this form the cutters will 
operate either way as the grain of the wood may require. 
They are more expensive to begin with than other kinds 
of cutters, but they last along time, are easily sharpened, 
and preserve the form of the mould accurately. The 
machines are used for rabbeting, grooving, and moulding 
of all kinds, especially in cabinet work. 








SELF-ACTING INTERMITTENT SYPHONS. 
On Self-Acting Intermittent Syphons and the Conditions 
which determine the Commencement of their Action.* 
By Rocers Frexp, B.A., M. Inst. C.£. 

In the discussion on Mr. Barlow's paper on the upward 
jets of Niagara, read at the Plymouth meeting of the As- 
sociation, [ made a few remarks with reference to an im- 
proved form of self-acting syphon I had invented, the 
action of which depends on the power of falling water to 
drag air along with it, and I now, by request, will give a 
description of the action of this syphon illustrated by a 
working model. 

Before proceeding to describe the peculiarities of this 
syphon, it will be well to say a few words generally as to 
self-acting syphons employed for the intermittent discharge 
of fluids from vessels. The idea of employing syphons in 
this way is by no means new, and I may instance the philo- 
sophical toy, called ‘‘ Tantalus’s cup,’’ which many of us 
have seen in our youth. In this cup there is a concealed 
syphon, which is brought into action when the cup is raised 
to the mouth to drink, so that the water sinks away from 
the lips and cannot be drunk. A self-acting syphon has 
also been employed for emptying vessels used for measur- 
ing water, as in Osler’s and Bickley’s self-recording rain 
gauges, as well as on a large scale for reservoirs. 

The chief difficulty to be overcome in applying syphons 
in this way is to start them or put them in action. In an 
ordinary syphon, such as tliat shown in Fig. 1, the syphon 








will not be a into action unless the water in the vessel 
rises above top of the bend of the syphon, end it will 
be readily seen that if the syphon is any size, this will re- 
quire a accession of water in the tank, so that the 
on will not work except in cases where there is a large 

w of water. 

This difficulty can, to a considerable extent, be over- 
come by dipping the outer leg of the syphon in water as 
shown in Fig. 2. The water which runs over the bend 
of the syphon will then drag a certain quantity of air with 
it, and drive this air out at the lower mouth of the sypbon, 
and as the air cannot return in consequence of this mouth 
being sealed, the air in the outer leg is gradually reduced 


yee we read before Section G of the British Association 
at eld. 





in tension below the atmospheric pressure. Whether this 
partial exhaustion of the air in the outer leg is sufficient 
to start the syphon, depends on the quantity of water that 
runs over the syphon, but the quantity required will be 
much less than if the outer end were open, and it will not 
be necessary for the water in the vessel to rise above the 
top of the bend of the syphon. 








Altbough the expedient of dipping the outer leg of the 
syphon in water greatly reduces the quantity necessary to 
start the cranes. the required quantity is still very con- 
siderable if the syphon is of any size, and further ex- 
pedients have therefore been adopted to reduce this quantity. 
One of the simplest of these expedients is to have two 
syphons of different sizes ted together by a tube at 
the crown, and so arranged that the water runs through 
the smaller syphon first. The outer ends of both syphons 
are dipped into water, the smaller syphon then starts with 
a comparatively small quantity, and afterwards by means 
of the connecting tube exhausts the air from the larger 
syphon, and brings it also into action. This method was 
adopted by Professor James Thompson, F.R&.S., in 1860, 
for his jet pump, and it was also carried out on a large 
scale in France in 1867, at the Reservoir de Mettersheim. 
In this latter case, there are two syphons of about 28 in. 
in diameter, each of which is put into action by a smaller 
—— of 6 in. in diameter. 
his expedient, however, and several others which have 

been adopted, leave much to be desired, as they are to a 
certain extent complicated, and yet do not sufficiently 
reduce the quantity required for starting the syphon to 
enable it to —— in many cases. The method which I 
am now about to describe is both simpler and much more 
effective. 

In an extensive series of experiments which I tried some 
_— ago on syphons, with their outer legs dipped in water, 

was much puzzled by finding that the quantity of water 
necessary to put a syphon of given size into action varied 
in the most unaccountable way at different times. The 
only difference that could be perceived between the cases in 
which the syphon started and those in which it did not start 
was, that m the former case air-bubbles escaped freely at 
the mouth of the syphon, whereas, in the latter case, under 
apparently the same conditions, very few bubbles came 
out. At last the idea suggested i to me of making a 
portion of the syphon in glass, so as to see what was going 
on inside the pipe, when the cause of the i ity was 
at once discovered. Sometimes the water which ran over 
the bend adhered closely to the sides of the pipe, at other 
times a portion of it would fall more or less clear of the 
sides. en the water adhered to the sides it produced 
very little effect in displacing the air, so that only a small 
quantity of air was driven through the water at the mouth 
of the syphon. When on the other hand the water fell 
clear of the sides, it produced a great effect in displacing 
the air, and large bubbles of air at once escaped from the 
mouth of the syphon. 

I pursued the investigation further by producing artificial 








irregularities in the pipe, and I then found the more com- 
pletely I could throw the water clear of the sides of the 
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pipe, the greater effect it produced in expelling the air and 
starting the syphon. The form of syphon which I have 
finally adopted as most effective is shown in Fig. 3, and in 
the working model. 











The syphon consists of two concentric tubes A and B, the 
outer one A being closed at the top, and steadied and sup- 
“s by three radial ribs projecting from the inner tube 

. The annular space between A and B constitutes the 
ascending or shorter leg of the syphon, and the inner tube 
B the descending or longer leg. At the upper mouth of B 
is fixed a conical shell C, projecting inwards clear from 
the inner surface of the tube B. The lower mouth of 
B dips into a discharging trough D, which has a weir E 
level with this lower mouth. The action is a follows: 
When the vessel is full, the water begins to trickle over the 
edge of the conical shell C, and is so directed by the shell 
as to fall towards the centre of the tube B quite clear of 
the sides, thus producing the maximum effect in dis- 
placing the air. The action of the syphon soon com- 
mences, and continues till the water in the tank is 
lowered to the level of the lower mouth of A, after which 
air is admitted by that mouth to the syphon, and the action 
ceases. 

In some cases the quantity of air admitted at the end of 
the discharge, though sufficient to stop the syphon, is not 
sufficient to fully charge it with air, so that the next dis- 
charge will commence before the water in the vessel has 
risen to its full height. To obviate this, the best expedient 
is a secondary syphon F fixed in the trough D, and put 
into action by the discharge from the —_ syphon A B. 
When this discharge has stopped, the syphon F continues 
in operation, so that the water in the trough D is drawn 
off, the lower mouth of the pipe B unsealed, and the larger 
syphon fully charged with air. Presently, also, the action 
of the secondary syphon F is also stopped by the admission 
ofair. When the vessel is filled, and water trickles over 
the shell C, the trough D is again filled up to the level of 
the weir, and the syphon A B becomes sealed. 

There are other minor conditions which affect the com- 
mencement of the automatic action of the syphon, such as 
the roughness of the top of the conical shell C, the ratio of 
the area of the tank to the area of the syphon, the length of 
the syphon, &c., but these I will not go into. 

In conclusion, it is evident that the above form of self- 
acting syphon will be of + practical use for a number 
of purposes. I will merely mention one, namely, that of 
flushing sewers, by means of small quantities of water 
which ordinarily run to waste. Take, for instance, & 
drinking fountain, the water which escapes from it is, under 
ordi circumstances, absolutely useless for flushing 
urposes. Collect this water, however, in a tank with a 

e self-acting syphon, and as soon as the tank is fall, 
be it in one day or in several days, the syphon will be 
brought into action, and the contents of the tank dis- 
charged with + rapidity. The trickle from a drinking 
fountain would start a syphon of as much as 10in. or 12 in. 
in diameter of the improved form, and would, refore, 
Gun 6 sewer of considerable size, say, nearly 3 ft. in dia- 
meter. 
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APPARATUS FOR HEATING FOOT-WARMERS; WESTERN RAILWAY OF FRANCE. 
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Durine the past few months, in dealing with the 
rolling stock exhibited at the late Paris Exhibition, we 
have had occasion to describe some of the arrangements 
adopted by French railway companies for heating foot- 
warmers, Thus on page 427 of our twenty-sixth volume 
we illustrated the arrangement adopted by the Eastern 
Railway Company for heating these warmers by im- 
mersion in boiling water, while on page 111 of our last 
volume we gave engravings of the apparatus employed 
by the Paris, Lyons, and Mediterranean Railway Com- 

any for effecting this heating by the injection of steam 
into each foot-warmer individually. This last method 
of operating is one which has beeen adopted on other 
lines besides the Paris, Lyons, and Mediterranean, for 
instance on the Northern and the Western railways, and 
it appears to us to possess such decided advantages 
compared with the system of emptying and refilling 
foot-warmers generally employed here that we have 
deemed it desirable to illustrate in greater detail than 
we have hitherto done the apparatus employed. 

With this object we give on the present page engrav- 
ings of the form of apparatus for heating foot-warmers 
by the injection of steam, which has been adopted by 
the Western Railway of France. The arrangement 
will be very readily understood from our engravings. 
The apparatus consists of a substantial standard 
having slides on its front sides. In these slides works 
a bracket carrying a frame or gridiron of steam pipes, 
this frame consisting of six horizontal pipes disposed at’ 
different levels as shown, and all connected to a main 
vertical steam pipe which slides through a stuffing-box 
carried by the upper part of the standard. To this 
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stuffing-box a branch with a suitable stop valve is con- 
nected, so that the supply of steam can be regulated. 
From each of the horizontal steam pipes above men- 
tioned depend four small vertical pipes or nozzles each 
furnished with a cock. There are thus twenty-four of 
these nozzles in all, all capable of being raised or 
lowered simultaneously by means of the balanced hand 
lever shown, this lever being connected by links with 
the sliding frame. 

The foot-warmers to be heated are placed on a suit- 
able truck which when wheeled up to the heating appa- 
ratus brings the opening of each foot-warmer directly 
under a steam nozzle. The screw plugs of the warmers 
having been removed, a depression of the sliding frame 
brings a steam jet into each warmer, and the steam 
being turned on, the reheating of the water contained in 
the warmers rapidly takes place. The position of the 
truck in front of the apparatus is fixed by the wheel 
guides and stops shown in Figs. 1, 2, and 3, so that no 
time is lost in getting the warmers fairly into position. 
The apparatus we illustrate is capable of heating foot- 
warmers continuously at the rate of 512 per hour, and 
all its details are very neatly carried out. 








THE BOILER EXPLOSION AT CREWE. 

Last Tuesday week, the 9th inst., a boiler exploded 
while being tested under steam in the millwright’s shop of 
the Crewe Works, causing the instant death of two men, 
and slightly injuring several others. From the evidence 
given at the inquest held at Crewe yesterday week, it 
appears that the boiler which exploded was of the ver- 
tical type, and belonged to a tugboat working on the 
Shropshire Union Canal, an undertaking which has been 
leased to the London and North-Western Railway Com- 
pany. The boiler had been forwarded to Crewe for re- 
pairs, and had been examined by the foreman of the 
boiler shop there, who reported that the plate just above 
the firedoor had been cracked and wasted away by the 
fire. ‘his was put right by a new plate, but nothing 
appears to have been done to the shell. On the morning 
of the day on which the explosion occurred, the boiler is 
stated to have been tested by hydraulic pressure by 
Alexander Beck and Frederick Riley, the two men who 
were subsequently killed, while in the afternoon it was 
re-tested by them in steam, and it was then the explosion 
occurred, The instructions given to Beck were that the 
boiler should be tested by hydraulic pressure to 90 lb., 
and by steam pressure to 701b., per square inch ; but it 
was urged at the inquest that the latter pressure must 
have been considerably exceeded, it being stated by Mr. 
Worsdell, and by Mr. Ellis, the foreman boiler-maker, 
that the boiler was one which they both considered safe 
at the intended working pressure. The destruction of the 
boiler was complete, and parts of the shell were widely 
scattered. The lead plug was found uninjured, showing 
that the water had not been low. The iron, of which 
the boiler was made, was stated by Mr. Worsdell to be of 
fair quality, but no specific information was afforded on 
this point. 

Owing ‘to the death of both the men engaged in 
the testing there was an absence of any direct evidence 
as to what occurred while the steam test was being 
carried out, and the coroner’s jury ultimately returned 
the verdict ‘“ That the deceased men, Fred. Riley and 
“ Alex. Beck were accidentally killed by the explosion 
“ of the boiler which they had been testing, and that the 
“ said explosion was caused by excessive pressure of 
“ steam.” Atthe termination of the proceedings Mr. 
Worsdell stated that the occurrence was the first of the 
kind which had ever occurred at the London and North- 
Western Railway Works, at Crewe, and several of the 
jury expressed their conviction that the railway com- 
pany were not in any way to blame for the accident. 





THE POLYPHEMUS. 
To THe Eprror oF ENGINEERING. 

Srz,—In ENGINEERING of August Ist there is an article 
describing the torpedo ram Polyphemus, now building at 
Chatham, in which it is stated that “‘her design was 
described by the late Mr. Ward Hunt in the House of 
Commons on the 12th of March, 1877, as being of a kind 
as yet unknown in any part of the world, but which has 
been much talked about, and has been at last forced upon 
me by that gallant officer who stands at the head of the 
veteran list of the Navy, viz., Sir rius,’’ &c. 

Leconelnde from the above statement that the late Mr. 
Ward Hunt was at the time totally unaware of the fact, 
that in conjunction with Captain H J. Ward, of Liverpool, in 
1854, I submitted to the Admiralty tracings of an armour- 

ted ram, designed by me, similar in most respects to the 
one now building at Chatham Dockyard. 

The dimensions of the y ted by me are: 
Length, 300ft.; beam, 44 ft. ; depth, 38 ft. ; dis ment, 
2817 tons at aload draught of 19 ft. 6 in. in fall fighting trim. 

A cross section of the Polyphemus is e shaped as I 
8 in the tracings I submitted to the Admiralty, 
her shape and appearance above and below the water is 
ulso the same, with these exceptions, that my vessel has a 
ram, propeller, and rudder at each end, and no top hamper, 
such as pilot towers, hurricane decks, &c.; inside the 
armour- ull is an inner shell subdivided into several 
water-tight compartments ; between the two shells each 


space is filled with tightly-compressed cotton, and suab- 
divided into a large number of wa ht ; the rams 
at each end attain their greatest projecti ft. Gin. below 





the water-line, and are very heavy forgings connected to 
the hull the same way as the rams already built. She has 
two separate sets of engines and boilers of sufficient power 
to propel her at a speed of 16 or 17 knots; the e 

may be worked separately or conn ; she has large 
bunker capacity and crew space; the ventilation is 
artificial means. 

The appearance of the vessel above water would be that 
of a cylinder declining from the centre towards the ends 
by a long easy curve, and upon the top of this cylinder will 
be seen nothing more than the two telescopic funnels. 
My vessel would be perfectly safe to go to any of the 
world, and in harbour figh would be most ormidable, 
driving her rams at an enemy’s rudder, back into another, 
and so on (being double-en she would not require to 
turn round), then slip out of harbour at a high rate of speed 
to repeat the destruction elsewhere. : 

The Admiralty acknowledged the receipt of the tracings 
with thanks, at the same time informing us that it was not 
their ‘intention to build any steam rams at present.’ 
You will see by this that a ram similar to the Poly- 
phemus was designed by me, and tracings of the same 
submitted to the Admiralty twenty-five years ago, or just 
twenty-three years before the late Mr. Ward Hunt’s speech 
in the House of Commons. 

I am, Sir, yours faithfully, 
JOHN GRIFFITHS. 

Higher Bebington, Cheshire, September 15, 1879. 





TRAMCAR WITH RADIAL AXLES. 
To THE Epiror oF ENGINEERING. 

S1r,—In a recent number of ENGINBERING (September 5) 
you gave an interesting description and engravings of a 
tramcar with radial axles, built by Mr. J. D. Larsen 
exhibited at the Paris Exhibition. Your article, however, 
omits to mention that this system of radiating the axles, 
or system of flexible wheel base as it is sometimes called, 
has been adopted by Mr. Larsen from my original designs. 
It will, perhaps, be recognised by some of your readers that 
the car illustrated is in principle quite similar to one which 
was publicly running between estminster Bridge and 
Greenwich some years ago, and which was built from m 
designs ; and also quite similar to the rolling stock whic 
has more recently been constructed upon the so-called 
** flexible wheel base system of Mr. Cleminson.’’ Things 
which are equal to the same thing are equal to one another. 

As Mr. Larsen does not hesitate to acknowledge that he 
is indebted to me for the original invention of this system, 
I feel sure that he would wish to have the omission of this 
fact in your article rectified. 

Yours truly, 
T. CLAXTON FIDLER. 

13a, Great George-street, Westminster, Sept. 15, 1879. 








HOISTS FOR COAL WAGONS. 
To THE EDITOR oF ENGINEERING. 

S1z,—In your description of Mr. Thomson’s coal hoist 
you state that the chief peculiarity in the machine is that 
** both the hoisting and tipping motions are produced by 
the use of a single cylinder instead of by the two indepen- 
dent cylinders ordinarily used,’’ from which it may be 
infe that hoists have not previously been constructed on 
this system. For the information of those interested, I 
therefore beg your permission to state that at Birkenhead 
Docks hoists on this plan have been working for many 
years, rs Sipping boxy effected by a 4 —— » the 
wagon platform, which en; inst tappets which may 

nired height. 


be adjusted to any req 
, Yours aoe, 
T. B. LiguTroor. 
Walker-on-Tyne, September 15, 1879. 


UTILISING EXHAUST STEAM. 
To THE EDITOR OF ENGINEERING. 

S1r,—Of the heat passed from combustion gases into 
the water by raising steam in a boiler, only a relatively 
small quantity can be transformed into useful work ; the 
greater part is wasted. For example, if steam is raised 
in a saturated state under a total or absolute pressure equal 
to seven atmospheres, only a quantity of heat equal to about 
24 per cent. of the heat passed into the water from the 
combustion gases (the temperature of the feed water bei 
taken at 185 deg. Fahr.) will be transformed into useful 
work, even if the said saturated steam is expanded to 
eleven times the origi volume ; 76 per cent. of the heat 
is wasted. That of the above mentioned 24 per cent. of 
heat which passes into useful work only the smaller part 
can come to any practical use, is dependent upon circum- 
stances which have nothing in common with the matter 
here treated. 

One part, that is in this case about 8 per cent. of the 
above mentioned heat, taken up by the water in heating 
it and raising steam from it, is at the moment of the 
formation of the steam, when the matter extends into a 

ter volume, transformed into useful work, which is 
own under the name of full-pressure work. 

Another part, in this example about 14 per cent., is used 
to raise the temperature, and passes into what is known as 
sensible heat, it being taken to correspond to the work of 
causing certain movements in the molecules, and thi 
part of the taken-up heat as well as a small part of the heat 
carried with the feed water, equal to about 1 per cent. of the 
above-mentioned sum of taken-up heat, is transformed into 
useful work during the expansion, the temperature durin; 
this period being lowered. But by far the greater part o: 
the heat in this example, or about 78 per cent., is used to 
alter the relation between the small particles which consti- 
tute the matter, and of that heat only a very small part, 
in this example about 1 per cent., is transformed into useful 
work during the —— a certain quantity of steam 
being condensed. Thus notwithstanding that the larger 





his | vessel, which I will 


rt of the liberated heat is required for further altering 
arene bone to the degree of expansion) the relation be 
tween the particles of the steam which is not condensed, 
in this example there is, as aforesaid, a very small surplus 
tranformed into useful work. 

Now it is evident that when, as shown, the by far 
greater ) pon of the said heat taken up by the water is 
used to do such work (altering the relation between the 
pap which can hardly at all be made useful, it would 

a great saving if the steam which has done its useful 
work conld be agai oper to its original tension and 
passed through fh cylinder of the engine, thus performing 
the full pressure and expansion work anew instead of being 
let out in the atmosphere or condensed (the water-heating 
I have already mentioned). This is supposing that the 
work or power thus _— to steam already used could 
be procured at a cheaper rate than through raising 
fresh steam for the purpose; since evidently the —— 
of fresh steam of at least the same tension as the origina’ 
tension of the steam already used only for the purpose of 
applying its power to the steam which had already done 
its work, would bring no —y To procure cheaper 
power to apply to the, so to say, still remaining body of steam 
that has once made its work, is consequently the question. 

If steam of a certain pressure in a saturated state is to 
be brought to a higher pressure, a relatively small quantity 
of beat needs only to be added ; thus, for example, to the 
heat required to raise saturated steam of one atmosphere 

ressure from feed water at an ordinary temperature, we 
es only to add 3.76 per cent. of this same heat in order 
to have the quantity of heat required for raising saturated 
steam of ten atmospheres pressure. 

Moreover, if to the once-raised steam, after it has been 
separated from the water, heat is added, that is, if the 


and | steam be superheated, the heat thus added is, while the 


steam is being used at full pressure and expanded, trans- 
formed into useful work in a much greater proportion than 
is the case with the heat contained in steam not super heated. 

These are matters known to every engineer, and the 
space accorded for this letter will not allow me to further 
explain why it is so; but my intention, in calling the at- 
tention of the reader to the facts just mentioned, is only to 
show how to get cheaper work or more work out of a 
certain quantity of heat. 

If somewhat strongly superheated steam could be used in 
an engine without inconvenience, the heat thus added bein 
partly transformed into useful work, thé saving whic 
theory points out would really be obtained ; but from well 
known reasons highly superheated steam cannot con- 
veniently be used in an engine. 

There are, however, other means of making this heat pass 
into useful work, viz., by transforming it into another kind 
of work before entering the engine. If steam, generated 
under a higher pressure or superheated, or both, is allowed 
to flow out into a space, for example into an injector, 
where the pressure is lower, the same work ‘is done as in 
the cylinder of an engine, only that in this case it is ex- 
pended in imparting velocity to the particles. 

Here, then, that is to say, in the heat added by raising 
of pressure and temperature, and transformed into 
velocity, we have that desired cheaper power, which is to 
be enplted to the above-mentioned already used steam, 
and this same already-used steam is the medium through 
which superheated steam can be applied to work in the 
engine without inconvenience. 

Roughly speaking, when 1 lb. of steam is required 
for the engine, }1b., more or less, may be raised in the 
boiler at a higher pressure than that used in the engine, 
superheated and then allowed to flow through an injector, 
thereby transforming a part of its heat into velocity, which 
velocity can be utilised in compressing both this 4 lb. of 
outflowing steam, and also another #lb., more or less, of 
exhaust steam from the engine to the tension required. 
The surplus energy in the outflowing steam can also force 
the full pound of compressed live and exhaust steam into 
the cylinder of the engine, causing it to perform the same 
work as if a full pound of steam of a lower pressure ins 
of $ lb., more or less, of a higher pressure had been directly 
generated in the boiler. 

As aforesaid, only half of the exhaust steam, more or 
less, can be utillsed in order to make, together with 
another half, more or less, of superheated live steam, the 
whole quantity required for each stroke in the cylinder of 
thee: e. The exhaust steam, which is not drawn into 
the injector, may be disposed of for water-heating or other 


P 
j Thus, to recapitulate, only a part of the steam required 
in the engine is, according to this system, to be raised in 
the boiler, the steam so raised, however, being formed at 
a much higher pressure than is in the engine, and 
being, moreover, highly superheated. This highly super- 
heated steam is then, by being discharged through a suit- 
able injector, made to take up about half the exhaust 
steam, compressing this exhaust steam to the pressure re- 
quired for the engine and passing with it into the engine 
cylinder. The compression of a portion of the exhaust 
steam is thus cheaply effected by the use of highly super- 
heated steam which could not be used in the engine direct. 
It is to be observed that as the mixture of live and ex- 
haust steam becomes, when compressed, more or less super- 
heated, it must be through some kind of small 
a receiver, containing water, or in 
such near connexion with water, that the mixture becomes 
saturated. In this vessel then a certain quantity of steam 
will be raised from the water, and added to the quantity of 
the compressed mixture; this must be taken into con- 
sideration when the quantity which is to be generated in 
the boiler or provided from exhaust steam is to be fixed, so 
that the quantity of steam that is required in the engine 
may be exactly obtained. : 
he quantity of each part of the mixture, live and ex- 
depends 





haust steam, in relation to each other, upon the 
following, viz., the pressure in the boiler; the degree 
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of superheating ; the density, and consequently the pres- 
sure, of the exhaust steam (depending — the original 
pressure and degree of expansion in the cylinder) ; the con- 
sequently required pressure, in some cases called vacuum, 
in the injector in order that the exhaust steam may be 
drawn in; andthe pressure required inthe cylin to 
which same pressure the mix mpre 

when entering the receiver. A 
each other and determine finally she, 
mixture when entering the receiver; 0 
depends the quantity of steam 
receiver ; and when thus all relafec 









































uantity of steam which is required for’ rine is , provided with a safety valve loaded alike or diffe- 
the absolute quantity of steam to be ral 1 th AE ing as it is desired to admit the same or 
and of exhaust steam to be drawn ig “well as ¢ amounts of exhaust steam to each of the said 
steam raised in the receiver from surplus heat cont: chambers ; one of the latter communicates with the appa- 
the there entering mixture may easily be calenlated. . | ratus F, andthe other with a feed-water heater or aa 
From the above it will be seen ‘that the steam for the | apparatus to be utilised, or with a condenser. After the 
engine is delivered from the receiver and not the boiler | first rush or outflow of the exhaust both valves will close, 
direct. SS. ae ar et <p and that exhaust steam which is driven out by the piston 
Some diagrams may be here $ in order to | later during the stroke, escapes by D into the open air, or 
facilitate the understanding of thew the system. | to a condenser or other place as desired. The distance be- 
Fig. 1 is a vertical longitudinal /seetion through a | tween the tube A and the valve-piece B can be regulated 
cylindrical steam boiler (here only chésen as an example, | b ing the sleeye. Bin one direction or the other on 
the system — applicable to every kind of boiler) in| the tube A; when thesleeve E covers the entire space be- 
which the products of combustion ,after haying passed | tween A and B all the exhaust steam passes into the cham- 
through the short tubes A impinge on and pass famong | bers. The sleeve mayalso be connected with the engine 
the superheating tubes B ; they then enter the, ‘uptake |insuch a way that-it,cdvers and opens the said space at 
C, and returning through the retarn tubes; "pass into the | certain intervals; and instead of the two said chambers 
chimney D. Fig. 2 is a part ho: tal » Big.:8 an | one chamber be used; this chamber, or one of them, 
end view with the back wall removédin one half of the view. | or both if there aré t png sleo, instead of a loaded valve, 
The same letters refer to corresponding parts.’ be fitted with a m iston. 

ot It might be con: here once more to draw the at- 
Fig. 2. - pee tention of the i the fact that the system is applic- 
ee , verte ey kind ‘of boiler, rot Perec. on Seen 

~— merely ingsé explain the system-of working an 
fe Se ee 
=, < wo ) im) carrying ou’ @ sys in ice ; 
D eee ; cepocially the Sean), 02 Saar fe sob seen from its 
ea ere cs dimensions — e place it occupies, is intended for a very 

= . strong superheating. . 
——_ fio his By Seveans th ‘apuads upon’ tah pratens 
= ca’ - this yi upon pressure. 

used in the boiler, and the of s ting. . 

If saturated steam of the higher pressure pare Scppesed 
whens isabel made to work direct a an 
= = = y “largely » Wi erally 
SSN SSGSSSSEgj(‘_\£g SN by applying Pm pear Glpeent' engine 
Be. 9 : 5 it gives some very little better result, as regards 
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als 
an 


j nese. Lota’ TAK 
The superheater consists of niné pipés’ B, whitlt are con- 
nected at their ends with the cross pipes Hi, H'; 


the cock J admits steam or water to thé 

one of the pipes L M ; these pipes aré ec ‘so thi 
continuation of the pipe L communivates with the water 
space of the boiler, and the pipe M' with —— of 
the same. This pipe has a back pressure valve 1 opens 
by pressure from the boiler ; the communicates 
with the suction and compression 
by the pipe E. The injector thus receives its’ steam 


by the pipe E, and the exhaust steam by ‘the ‘pipe 
G. The compressed steam mixture tron ee injector 
F enters the receiver or saturator S ining water ; 


in this receiver § the com steam mixture 

generally being in a superheated state becomes saturated 

and passes by the pipe T off to the place where it*is to be 

utilised, say the engine. The pipe to-an rv, 
the’ receiver’ to re 


which introduces feed-water into lace 
been evaporated through the surplus 
are! ' 


that which has 
of = mixture. ‘ 

e action of the apparatus here shown is ‘as follows : 
Steam from the boiler 5H by the cock-J conveyed to the 
inlet to the lower end of the superheater pipes, and the 
steam passes off through the outlet from theupper end of the 
—_ pipes ae su ayer state by the H and E to 

njector F, ile getting im a small quantit; 
¢ water should be admitted to the dnpurleighenatnes ; the 
F 


produced therefrom is passed through 
to the receiver S, where it will be sed ; 


— 








if 


requir 
Saat 


8 or'injector F | th 


which the boiler shell is exposed. W is a loaded valve for 
regulating the pressure between the boiler and jacket S, so 
that, if the boiler pressure exceeds a certain proportion, the 
steam may escape into the jacket. 
Fig. 5 shows a means for dividing the exhaust steam, it 
ing desired to draw in and compress only a part of it. A 
is a short tube on the exhaust port or ou of an engine, 
| B is another short tube placed opposite, and at a little 
therefrom ; it is of a bell-mouthed shape, and is 
with two flap-valves C, which, when the slide valve of 
Lert to the exhaust, will be opened thereby ; 
ves communicate with two chambers or pipes, 







heat transformed into useful work, than it would were 


the same steam made to flow out, and according to the new 


syatem ‘and enter the cylinder with a lower pressure ; but it 

: ig’bo be that with the latter system saturated steam 
i: cam be used. under a higher pressure than with the 
S ' Siete with just from the same reasons that it 

; e e with a lower pressure, and consequently 

: ‘atleast the same'result can be arrived at by using saturated 

. according to the new system as with the compound 

4a system, thesomencated arrangements proper to the latter, 
is at with the ing the advantage of the new system 

i‘: considerable, and in some cases extraordinary, 


becontes 
the. or jag J ing to from halfas much again to double 
thet which ean ever be obtained by the system of expanding 
saturated steam. The advantage varies with the pressure 
uired in the engine, the pressure used in the boiler and 
of superheating. Details about these matters 
given within the space of this letter; but ay 
one ee any interest in it will readily be supplied wit 


Probably the reader will think there are some objections 
Notwi i ha’ sachin cr 


= 


con! 

} observe, firstly, 
use of superheated steam 

no application, as the steam will not be let 
‘in a superheated state, but only after it has 
been saturated’ in the receiver; further, that superheater 
pipes until’ now have soffered from the heat from the 
combustion gases during the long time used to heat the 
water before the rising of the steam begins, the pipes 
being during this e, so to say, empty, ae | con- 
taining some stagnant air or perhaps steam, which is 
of no use for saving the material, the latter being, 
us ‘in the'‘same condition as if being quite alone 
exposed *t6° the influence of the heat from the com- 
bustion géiises. Very nearly the same is the case when 
the engine Occasionally is stopped, and it is not to be 
wondered at that the pipes suffer, but rather that they are 
not within’the shortest time quitedestroyed. With the 
new system, however, this is never the case, water being, 
during the raising of the temperature of the water in the 
boiler, or when from other causes no steam passes through 
the pi itted to the same, and the steam raised from 


pes, admi 
this water is made to circulate through the pipes and to pass 
into the reteiver where it is condensed, Thus the super- 
heating may, without any inconvenience, and notwith- 
8 ing the less conductive capacity of steam as compared 
with water, be ied to a considerably high degree. 
Farther, some persons imagine this system could not 
be of any use when a great expansion of the steam in the 
—~ is required, or in other words, that the injector can- 
maintain a’ corresponding low pressure, or, as it is 
called, vacuum. The pressure or depression in the injector 
is, construétional details apart, dependent upon the relation 
between pressure and counterpressure, that is to say, in 
this case between ure in boiler and receiver. The ca- 
of the inj , a8 an exhauster and compressor, 
without condensation through mixing with water, has 
been and shown ten years ago, and has been in prac- 


‘tical use in this country, and consequently it would not be 


reasonable of people to assert on their own authority things | be 


ly opposite to proved facts. The reason why the in- 


jector 1s not more generally used is that in most cases the 
same work may as well be done bya pump. But with this 
new system it is used for transforming one form of energy 
into another under conditions where a pump _has no appli- 
cation, as such an apparatus cannot be worked convenient! 

i: superheated steam, and not at all by velocity. If it could, 
the engine could as well, but such not being the case, the 
injector is alone suitable for the purpose. 

A little experimental be gered exists by which the system 
can be seen working, but not being built especially for the 
use of this system, nothing about the saving can be proved, 
the boiler being an ordinary vertical boiler, only allowing a 
very small superheating, and if the firing is lessened for the 
om of giving the said striking proof, there is no super- 

eating at all, and consequently no saving to show. 

_It is to be observed that the superheater made of copper 
pipes, and exposed to great heat, is not a voluminous appa- 
ratus such as an ordinary superheater or rather steam 
dryer, as now sometimes used,made of iron pipes and heated 
by the cooled escaping combustion s, and that the re- 
P ment of such —_ ged cases is an indifferent matter 
of expense as comp wi e extraordinarily + saving 
which is to be derived from the application of ‘the system. 

Further, the first experiments with such an application 
ought not to be at expensive. The difficulty first of 
knowing what degree of heat the pipes may suffer without 
inconvenience, is overcome by arranging the pipes in sets of 
two or more, each set specially mea through a 
cock with the steam and water inlet and outlet (as shown in 
my apse | specification, Fig. 4, &c., Specification No. 4792, 
1878), and, with due precaution that the water may not con- 
tain any matter which would damage the pipes, putting 
one or more sets of pipes at both ends in communication 
with the water space of the boiler. In this way it may be 
ascertained if any, and if so which, pipes are exposed toand 
suffer from an excessive heat, and these pipes may then be 
kept constantly filled with circulating water. There will 
always be sufficient condensed exhaust to ase for feeding as 
the want of feed water is greater or less in inverse propor- 
tion to the superheating and the capacity of the apparatus* 
to draw in and compress exhaust steam. ‘ 

Farther, as the —m of an experiment, if it be 
objected that in case the system should not work satisfac- 
torily the boiler would be of no use, then this supposition is 
quite erroneous, as a boiler, be it a marine, locomotive, or, 
‘ordinary land boiler, may very easily be so constructed that 
the taking out of the superheating apparatus and putting 
in of tubes connected with the water space of the boiler— or 
for certain kinds of boilers leaving the space unoccupied — 
would cause no serious difficulty, supposing that it would not 
be the most convenient simply to turn the cocks so as to admit: 
water from the boiler, which water would circulate through 
the pipes and again enter the boiler as above proposed 
in to some of them. 

I do not make these remarks because there can be the 
slightest doubt as to the great advantages which are to be 
derived from the appplication of the system, but because 
I have y met with one large manufacturer, to whom 
it would have been a question of very great saving, but 
who shrunk before the great expense of the trial, at 
most some few hundred pounds altogether, and in order 
that any person who might be incli to make the experi- 
ments may not be deterred by the advice from some friendly: 
expert, who has no occasion to enter into the matter, but 
gives the, in such cases not uncommon opinion, that there 
a be something in it, but there are so many ‘‘ practical 
difficulties,’ and the experiments would be very expensive. 
The thing is really that the advantages of the system are 
extraordinary, and that the difficulties are as few as with 
a new thing they can possibly be, while the whole expense a 
trifle if the experiment is carried out on a moderate scale. 
My opinion as regards the expenses has been shared by 
the only person of scientific and practical authority, who 
has taken any detailed notice of the matter. 

What above all things is to be borne in mind by every 
one who is desirous of making out for himself the eventual 
advantages of this new system, is, that it is a new mode of 
transforming heat into work and applying the latter for 
industrial or other purposes, applicable to every kind of 
boiler, and the undisputable accuracy of which is demons- 
trable by the aid of scientific facts. 


London, August, 1879. 


W. Exicson. 





Tue Nationa Scxoon or Art Woop Carvine.— 
This school has been established with a view of encouraging, 
or rather reviving, the greatly neglected art of wood 
carving in this country by a committee consisting of the 
following gentlemen: Lieut.-Colonel Donnelly, R.E., Mr. 
E. J. Poynter, R.A., Mr. R. W. Edis, F.S.A., the late 
Mr. P. Le Neve Foster, and Mr. J. H. Donaldson, of the 
firm of Messrs. Gillow and Co. The committee has since 
been joined , Mr. H. T. Wood, of the Society 
of Arts, and Mr. W. Chapman and Mr. W. P. Sawyer, of 
the Drapers’ Company. The committee, who were greatly 
aided by the Society of Arts and the Drapers’ Company, 
cman an eminent Florentine wood carver, re 
Bulletti, and opened a school last year at 3, Somerset-street, 
Oxford-street, with the assistance of Mr. Donaldson. The 
Royal Commissioners for the Exhibition of 1851 have now 
et excellent room in the Royal Albert Hall at the 

isposal of the school, and the Drapers’ Company have 
given a further grant, with which the committee are 
enabled to provide for the instraction of twelve free students. 
Candidates for free studentships are selected from persons 
of the industrial class, who are intending to earn their 
living by wood carving, other students are admitted to the 
day classes of the school on payment of 21. a month or 51. 
a quarter, and to the eveni on payment of 15s. a 
month or 21. a quarter. Applications for particulars should 

addressed 





to Mr. yo National School of Art Wood 


Carving, Royal Albert , Kensington, 8.W. 
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THE “ AGAMEMNON.” 

On Wednesday last the central citadel ironclad 
ship Agamemnon was successfully launched from 
Her Majesty’s dockyard at Chatham, in the presence 
of many thousands of spectators. This is the second 
ironclad of the type known as “central citadel 
ships” launched for our Navy, the first being the 
Inflexible, about which controversy raged so fiercely 
& year or two ago. The Agamemnon isa sister 
vessel to the Ajax, building at Pembroke. They 
are in the essential features of their design similar 
to the Inflexible but they are smaller, less powerful, 
and less costly than the latter vessel. 

The length of the Agamemnon is 280 ft., as com- 
pared with the Inflexible 320 ft. The Agamemnon has 
66 ft. beam, the Inflexible 75 ft., and the former has 
a load draught of water of 23 ft. forward and 24 ft. 
aft, giving a mean draught of 23 ft. 6in. against the 
Inflexible 24 ft. 6in. The difference in size will be 
seen in a still more marked degree by comparing 
the displacements, the Agamemnon having an esti- 
mated load displacement of 8500 tons, against the 
Inflexible’s 11,500 tons. Like the Inflexible she 
consists of a central armour-plated citadel extending 
about 9 ft. 6 in. above the water for about one-third 
the length of the ship, the remaining two-thirds bein 
unprotected except by a 3in. armour deck situat 
about 6ft. below the water. Thearmouronthe ‘citadel 
extends down 6'ft. below the waterand varies in thick- 
ness from 18 in. to 11 in., the corresponding thick- 
nesses for the Inflexible being 24 in. and 16in. This 
armoured citadel encloses the magazines, engines, 
boilers, and the turning and loading gear for the 
two turrets which rise above, The turrets are plated 
with 16-in. armour and each is to carry a pair of 
38-ton muzzle-loading guns of the Woolwich pattern. 
The turrets are placed some distance out from the 
middle line of the ship one on each side, so that the 
four turret guns can be fought together, either 








direct ahead or. direct astern, and they can 
also be all four fought on either broadside. 
Itis doubtless an advantage to have the turrets 

laced en échelon, 80 as to get a powerful bow 
fire, but it must not be forgotten that we pay 
for it by sacrificing half the fighting power on one 
bow and on the opposite quarter, and, what is also 
of much importance, owing to the fighting power of 
the ship being unsymmetrical, an enemy will pro- 
bably be able to count with some certainty upon her 
movements in action, for he will know the direction 
in which she will always wish to turn. 

Before and abaft the citadel the vessel is built up 
of light material unarmoured, and above the 
armoured deck this space in the region of the water- 
line is subdivided into water-tight compartments, 
which are to be filled in with cork to prevent the 
vessel sinking in the event of the ends being struck 
below water. The usefulness of this was one of the 
bones of contention in the Inflexible controversy. 
Mr. E. J. Reed, together with ourselves and others, 
contended that the cork stuffing could not be de- 
ended upon, and that the armoured citadel should 
be sufficiently large to insure the safety of the ship 
against capsizing if the unarmoured ends in the 
region of the water-line were riddled and the cork 
blown out, It was at first contended on behalf of 
the Admiralty Constructors that this condition was 
fulfilled in the vessels in question, and afterwards 
the defence was shifted, and it was argued that the 
condition was an unnecessary one. The defective 
stability which we condemned in the design of the 
Inflexible exists to as great an extent, probably 
greater, in both the Ajax and Agamemnon, and in 
this respect we condemn them as strongly as we did 
the Inflexible, for we are convinced they will prove 
treacherous in a naval action. 

The engines are intended to indicate 6000 horse 
power, and the speed of the vessel is estimated at 
13 knots. She is fitted with twin screws, and is de- 
signed to carry 700 tons of coal, which is equivalent 
to from five to six days’ steaming at full speed. 
Above the citadel deck there is a flying deck super- 
structure for working the ship. The loading and 
working of the guns will be performed by means of 
hydraulic machinery. The vessel has a ram bow, 
like all recently-built ironclads, and will be fitted 
with appliances for ejecting Whitehead’s fish tor- 
pedoes Son the armoured sides of the citadel. She 
will be of the mastless monitor type, and will con- 
sequently have to depend entirely upon her steam 
power like the Inflexible, Dreadnought, Thunderer, 
and Devastation. 

In offensive and defensive powers she is far below 
the Inflexible, having four 35-ton guns against the 
latter’s four 80-ton guns, and, as we have shown, 
having 18-in. armour against 24-in. Compared with 
the Devastation and Thunderer she appears in a 
better light, the armour being thicker, 18 in. against 
14in., and the armament being somewhat heavier. 
Against this, however, the Devastation type of ship 
has complete armour protection all fore and aft, 
while the Agamemnon is liable to have her speed 
destroyed, her trim upset, and stability compromised 
by common shells, without being once pierced 
through her armour, 

The vessel is built on the longitudinal and bracket 
plate system with a double bottom, as is customary 
in heavy ships of war, and she is well divided into 
water-tight compartments, Especially is this so in 
the engine and boiler space, where a marked improve- 
ment has been made in this respect of late years in 
our Navy. She will carry a crew of about 350 men 
and wili be provisioned for about six weeks, 

The weight of armour and ing of this vessel 
approaches 3000 tons, and the weight of the guns 
and ammunition slightly exceeds 400 tons. 

Some further particulars relating to the arrange- 
ment of armour and backing may not be without 
interest. Like the Inflexible the armour is in two 
thicknesses with wood-backing between, in this 
respect differing from the Devastation and all former 
ships where a great point was made of keeping the 
armour in one thickness only, it having been found 
up to certain thicknesses that the resistance to pene- 
tration varied nearly as the square of the thickness, 
and hence one thick “age was considerably roman 
than two plates of the same total thickness, e 
outer Gidknens of armour on the citadel will pro- 
bably be of steel. Behind this comes 1] in, of back- 
ing fitted between vertical iron girders 11 in. deep. 
Behind this again comes the second thickness of 


armour, and behind this about 7 in, of teak backing 
fitted between horizontal girders of an equal ~— 
These are attached to the shell plating of the ship, 





which is in two thicknesses, each } in., through 
which also the whole of the armour and backing is 
bolted, Inside of this plating come the deep frames 
of the ship. The total thickness of wood king 
on the citadel is 18 in., the same as that of the 
thickest armour, but like the armour it varies in 
thickness at different . The 3-in. armoured 
deck is also made up of two thicknesses, one being 
2in. the other 1 in. thick. 

It has been pointed out by some of our contem- 
poraries that the Agememnon was designed three 
ge ago, that it has taken this time to complete 

er sufficiently for launching, and that the Inflexible, 
which was designed six years ago, is not yet com- 
pleted. It is a question worthy of serious con- 
sideration whether this time could not be much 
shortened by greater simplicity of construction 
without adding to the weight or at all diminishing 
the strength of the ships. 

In the three new ships the Colossus, Conqueror, 
and Majestic just commenced, steel will be largely 
used for the plating, and will be so far an ad- 
vance upon the Agamemnon, but when it is said 
that these shi ill, ‘‘in all probability, be out of 
date before they are well finished,” the question 
arises whether it would not be wiser to order fewer 
ships from one design and to push what are ordered 
more rapidly tow: completion. 

In glancing back over the history of our ironclad 
fleet no one can fail to observe that a great change, 
for good or evil, has taken place in the very prin- 
ciples of their design during the last few years. 
Noticing only the broader features, the first im- 
portant change made from the early long ships of 
the Minotaur type completely protected from stem 
to stern, was the introduction of the central battery 
and belt of armour at the water-line, This is seen in 
the Bellerophon and subsequent vessels as well as 
in somesmall woodenconverted ships. Thischange en- 
abled the armour to be thickened, andsimultaneously 
the length of our first-class ironclads was reduced 
from 400 ft. long to about 300 ft. This became 
the ‘ype of the masted ironclad cruiser, a vessel 
capable of keeping the sea for months together. 
The next great type introduced, apart from vessels 
for coast or harbour defence or s oses, Was 
the heavy mastless monitor of the Devastation type, 
which made up in some degree forthe absence of 
masts and sails by an unusually large supply of 
coal. By this great change we were enabled to 
rise at a bound from 8-in. or 9-in. armour protection 
to 14-in. armour and from 18-ton to 35-ton guns. 
Here, also, it will be noticed we return to complete 
protection. 

The next great change was to the citadel ty 
of ship, which, like the Bellerophon! and the 
Devastation types, was undoubtedly projected by 
Mr, E.J. Reed before he left the Admiralty, although 
not worked out by him in detail. Foreseeing that 
the time was approaching when side armour would 
have to be still ope ng ap to withstand _~ 

owin wer of arti » he papened te sag e 
a toa aaeeia citadel at the mid e and broadest 
part of the ship, which would protect the vital parts 
and be sufficiently large to insure the buoyancy 
and stability of the ship in action, while side armour 
at the ends of the ship was discarded, and a thick 
armour deck substituted for it 6 ft. below water. 

From the nature of this type of ship much greater 
beam than had hitherto been adopted became an 
obvious necessity, and accompanying the change, 
when it took practical form in the Inflexible six 
years ago, a great stride in the direction of greater 
beam took place. This type of ship is now em- 
bodied in the Inflexible, the Agamemnon, the Ajax, 
and the more recent heavy armour-clad ships de- 
signed for our Navy, but with one important ex- 
ception, which led to the Inflexible controversy 
viz., the condition mentioned above, that the central 
armoured -citadel should be sufficiently large to 
insure the ship against capsizing, whatever happened 
to the unarmoured ends, is not fulfilled in these 
vessels, It could easily be fulfilled in vessels of 
this type, with little, if any, appreciable sacrifice 
in other directions, but it is not done. Up to the 
time of the Inflexible controversy this fact was not 
known even to the Board of Admiralty, and was 
stoutly denied. It has since been persevered in with 
their sanction, although even the Inflexible Com- 
mittee recommended that this precaution should be 
adopted in future designs. 

e have then this further change to record, viz., 
that armour protection for the vessel’s stability has 
also now been a even where for this pur- 
pose but a slight enlargement would be saad in 
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the citadel that surrounds the engines, boilers, am- 
munition, and turret machinery, The last step we 
look upon asa deplorable one, but it has been ac- 
cepted by the authorities in spite of argument and 
protest, and we must wait the result, unless in the 
meantime the questions at issue are put to the test 
of practical artillery experiments. 

e visitors to the launch of the Agamemnon 
would have had an opportunity of observing a ship 
building alongside which is certainly the most re- 
markable vessel yet designed or built for our Navy. 
We refer to the ironclad torpedo ram Polyphemus, 
once we believe known as the Sartorius Ram, from 
the general features of the design having been 
suggested by the late Admiral Sir George Sartorius. 
In addition to this the ironclad Conqueror has just 
been commenced, and the Constance, an unarmoured 
cruiser, some distance advanced. 








RAILWAY ACCIDENTS FOR THE 
YEAR 1878. 

Tue report of the Board of Trade on railway 
accidents for the past year is so far favourable that 
it shows a decrease in the number of train accidents. 
With a reduced number of accidents, however, and 
an increase in the number of passenger journeys 
we have a decrease in the total number of passen- 
gers killed and injured from all causes, and an in- 
crease under that class arising out of accidents 
beyond the passengers’ own control. 

e total number of persons killed is rendered at 
1053, and injured 4007. These numbers are made 
up as follows: 


Killed. Injured. 
Passengers es eve oe 125 1752 
Officers and servants of the com- 
Trespassers, &c. on 384 252 


The total number of nger-journeys, exclu- 
sive of season ticket-holders was 565,024,455, being 
some 13,430,000 in excess of the previous year. 
Calculated on these figures, the proportions of 
posses killed and injured from all causes is 
or 


Killed. Injured. 
1877 3... eo» | 1in4,377,727 1 im 429,924 
1878 1 ,, 4,520,000 1,, 322,000 


Whilst the proportions of passengers killed and 
injured from causes beyond their own control is 
for 


Killed. Injured. 
ee 1 in 50,144,876 1 in 830,713 
1878 ... ove 1,, 23,540,000 1 ,, 481,600 
Thus whilst the total number of persons killed and 


injured is less than that for 1877 as compared with 
the number of passenger journeys, the result as re- 
gards those killed and injured from causes beyond 
their own control is the reverse, showing a large 
increase. Although this is the case, it is but right to 
observe that, compared with the results of a com- 
bination of years preceding, the comparison is not 


so gloomy. ‘Thus for the period 
1847-49 the proportion of killed was lin 4,782,188 
1856-59 99 ” 1,, 8,708,411 
1866-69 % ” 1 ,, 12,941,170 
1870-73 - ° 1 ,, 11,196,570 
1874-77 os os 1 ,, 13,650,000 


1878 ” ’ 1 ,, 23,540,000 

The number of train accidents which have formed 
subjects of ing’ is 118 in all, against 146 for the 
previous year. Those in which loss of life occurred 
to passengers from causes beyond their own control, 
were five in number, viz., that on the London North 
Western and Great Western Joint line at Chester, 
by which two passengers were killed and sixteen 
injured ; that on the London, Chatham, and Dover, 
at Sittingbourne, by which five passengers were 
killed, and eighty injured; that on the Cork and 
Macroom Railway, near Ballincollig, by which three 
passengers and the driver and fireman were killed, 
and fifty songs injured; that on the Dublin, 
Wicklow, and Wexford Railway, near Glenageary 
station, by which one passenger was killed, and 
fifteen injured ; and that on the Taff Vale Railway, 
at Rhondda Branch junction, by which thirteen pas- 
sengers were killed and ninety-three ‘njured. And 
here it is worthy of remark that each of these very 
serious and lamentable accidents comes clearly 
within the class of preventable accidents. The first 
is set down as due to the facing-points having been 
shifted whilst the train was ing over them, 
er — none em - a ints been 
sec uring the passing over them of the train 
an efficient facing lock and bar. Th 
second is e to the shunting, by mistake, 

the running 


of some trucks across road, in the face 





of a fast passenger train, which mistake would not 
have been possible had the station been protected 
by points and signals on the interlocking principle. 
The third is reported as due to defective permanent 
way. The fourth to the fracture of a coupling, and 
the running back of a portion of a goods train, 
which eventually came into collision with a passen- 
ger train; and which collision it is only reasonable 
to expect might have been avoided, or at least con- 
siderably reduced in severity, had the gradient been 
provided with proper catch points for runaway 
vehicles, The Fifth was the result of shunting a 
train of carriages through a curve, the hinder car- 


riages coming into collision with a passenger train | p 


at the junction with the main line—a result which 
ought not to have occurred with an efficient system 
of block and line signals properly worked. When 
the results of these five accidents are considered it 
will be clear that had they been avoided the report 
for the past year would have been one of exceptional 
excellence. 

Classified, the number of cases inquired into 
during the year stand com with the average 
for that and the preceding eight years as follows: 





Average 
1870 to 1878 | 1878. Cause of Accident. 
inclusive. 


17.8 





From engines or vehicles meeting 
with, or leaving the rails in con- 
uence of, obstructions, or from 
defects in connexion with the per- 
manent way or works. 

From boiler explosions, failures of 
axles, wheels, tyres, or from other 
defects in the rolling stock. 

From trains entering stations at too 
great s le 

From collisions between engines 
and trains following one another 
on the same line of rails, except- 
ing at junctions, stations, or 
si . 

From collisions at junctions. 

From collisions within fixed signals 
at stations or sidings. 

From collisions between engines or 
trains meeting in opposite direc- 
tions. 

From collisions at level crossings of 
two railways. 

From engines or trains being wrongly 
~ or — ae sidings, or 
otherwise ugh facing-points. 

On inclines. 7. 

Miscellaneous. 


12 


19 


Boao 


11 


—= @ 
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0. 
23. 
11 


9.0 
6.6 10 











Of casualties coming under the first head re- 
ported to the Board of Trade, and including those 
investigated by their officers, there were 76 cases of 
passenger trains, or parts of such trains, leaving 
the rails; and 15 cases of goods trains, or parts of 
them, leaving the rails, ere were also 169 cases 
of trains coming into collision with obstructions, 
including cattle; and 57 cases of trains running 
through gates at level crossings, as well as 19 cases 
of slips in cuttings or embankments, and 490 cases 
of broken rails. 

Under the head of accidents from boiler explo- 
sions, &c., the total casualties comprise 540 cases of 
axle failure, 1034 cases of tyre failure, 20 cases of 
wheel failure, 16 of coupling failure, 10 of parts of 
locomotive boilers, and five of machinery, springs, &c. 
Two cases of explosions occurred, one of which re- 
sulted in injury to three of the servants of the 
a 

Although we propose further on to specially 
direct attention to those cases in which the presence 
of an efficient automatic brake would have proved 
of service, we here quote from the report the fol- 
lowing observations in reference to two of the cases 
included under this head. 

‘In one case, that of an express train from 
Dover, in which the axle of the tender wheel broke 
and threw one vehicle off the rails, the effect of the 
automatic action of the brake reduced the speed of 
the train from 40 or 45 to 25 miles an hour before 
the leading van came in contact with the abutment 
of a bridge on the railway. In another case, where 
five post-office officials were injured, the engine and 
tender, owing to the breaking of a coupling, sepa- 
rated from the carriages, which afterwards came 
into collision with the engine and tender; the train 
was fitted with the vacuum brake, and the case 
affords a striking illustration of the value of an 
automatic continuous brake, which would at once 
have arrested the course of the carriages‘on the 
separation occurring.” Another case instanced is, 





that in which the tyre of a wheel on the tenth 
vehicle broke, and the train ran for three miles 
before it was observed by the driver. ‘In this 
instance had the train been fitted with continuous 
brakes, the train might have been stopped sooner.” 

Amongst the total casualties reported occur no 
less than 540 cases of axle failure, 1034 cases of tyre 
failure, 20 cases of wheel failure, 16 cases of 
coupling failure, and 10 cases of failure of parts of 
locomotive boilers. 

As will be seen from the foregoing Table, the 
accidents from trains entering stations at too great 
a speed is, in point of numbers in comparison with 
receding years, very satisfactory and speaks fa- 
vourably for all concerned, whether for the engine- 
driver, or the more efficient controlling gear under 
which the possibility of accidents becomes so readily 
avoidable. The reduction under this head is, as is 
remarked in the report, no doubt due in no small 
measure to the ‘‘ use of more effective, and in some 
cases of continuous brakes ;” for although the man- 
agement of most railways is fully alive to the proper 
protection of intersecting lines and other points of 
danger, it is yet almost impossible, without so 
multiplying signals as to run into a danger in that 
direction, to cover every point out of which danger 
may arise with a signal. At large stations where 
trains must meet from various directions, a great 
deal must rest with the driver, and with the plat- 
form officer who has the regulation of the trains. 
It is impossible to oe the every movement of 
the various trains by signals, and in such cases it 
may and will happen that the ready application of 
the brake, plese in the hands of the driver, may 
save a collision. There were in all 20 cases under 
this head, two of which were investigated, 18 not 
investigated. 

The collisions between engines and trains fol- 
lowing one another on the same line of rails shows 
a favourable decrease also. Only three cases came 
under investigation, one of which was the result 
of fracture of a coupling of a wagon, by which 
two trucks were left on the line and were eventually 
run into by a following train. It is properly ob- 
served that ‘this could not have happened if the 
traffic had been properly worked on the absolute 
block system.” 

Collisions at junctions gave rise to nine cases of 
investigation, ‘Thirteen passengers were killed, 
and 318 injured, as well as six servants of the com- 
panies. In eight cases there was negligence; in 
two cases defective telegraph working ; in two cases 
insufficient or inadequately enforced regulations ; in 
three cases defective signal or point arrangements ; 
in two cases defective or insufficient traffic accom- 
modation; and in two cases inadequate or unsuit- 
able brake power. The remarks under this head 
conclude by observing: ‘‘In four of the cases in- 
cluded in this class, if the trains had been fitted 
with continuous brakes under the control of the 
engine-driver, the collisions might probably have 
oa altogether avoided or greatly mitigated in their 
effects.” 

The list of casualties which come under the head 
of collisions within fixed signals at stations or 
sidings is invariably the heaviest. During the past 
year the number calling for investigation amounted 
to thirty-eight, being six less than in the previous 
year. The result of these accidents was, the death 
of five passengers and three servants of companies, 
and injury to 395 passengers and twenty-seven 
servants of the companies, It will be observed that 
the accidents classed under this head constitute 
35 per cent, of the entire number investigated, 
and it is further worthy of notice that although the 
actual number for 1878 is less than that for 1877, 
the number of persons killed and injured is greater. 
Of course the question of the amount of injury will 
enter here, but since the gauge is that of the 
number we must be governed by it. It is, however, 
only right to repeat the statement set forth in the 
report, that except in a few cases the injuries to 
passengers were comparatively “am. 

Out of the thirty-eight cases thus inquired into 
there were no less than thirty-six cases of negligence ; 
ten of want of block telegraph; nine of defective 
arrangements of signals or points, or want of lock- 
ing gana eighteen cases of inadequate or un- 
suitable brake power; six of insufficient or inade- 
quately enforced regulations; three of insufficient 
accommodation; six due to foggy weather; and 
seven to excessive speed. 

The remaining five classes of accidents call for no 
iene remark beyond that so frequently urged in 
e report in favour of efficient interlocking, block, 
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and automatic brake systems; and about this we 
presume there can, indeed, be no two opinions. 

The following statement shows the causes which 
contributed towards, or were present in producing, 
the 108 investigated accidents. 








Number of Cases. 
Causes. ez 
Ave’ 
1872-1878. 1878. 
Fracture or unloosening of couplings ... 5.4 9 
Defective maintenance of rolling stock 9.0 6 
” ” road or works 17.8 12 
in construction of rolling stock 8.7 8 
» 2? or works 7.2 9 
Insufficient or defective accommodation 
for the requirements of the traffic . 10.4 6 
Insaofficient establishment, long hours, 
or inexperienced servants... a 7.7 2 
Inadequate or unsuitable brake power... 16.0 28 
Defective arrangement of signals or}. 
points, or want of or defective locking 
apparatus, or want of safety points or 
locking bars or bolts ... am ot S28 21 
Insufficient or inadequately enforced re- 
gulations... ove eee ose ...| 28.2 ll 
Defective system for securing intervals 
between trains, or want of telegraph 
communication or of block system ...) 35.1 18 
Negligence, want of care, or mistakes of 
officers or servants... om cco) 2882 81 
Excessive speed, having regard to 
engine, road, or other circumstances} 14.7 12 
Foggy or stormy weather, or snow- 
storms ... eee ide be «ts 13.5 8 











There is thus a marked decrease in the number 
of instances in which accidents were due, amongst 
other causes, to insufficient or inadequately en- 
forced regulations ; to the want of telegraph commu- 
nication or of block system; and to negligence, want 
of care, or mistakes, and it speaks highly for the 
improved administration of the several systems. 
It shows clearly that with a judicious application 
of recognised safeguards much of that loss of life 
and property which takes place year by year may 
be very largely reduced. One of the chief steps 
towards this end is the employment of a —— y 
efficient automatic brake. Referring to the classifica- 
tion above we see that the average number of cases 
in which a more efficient brake power would pro- 
bably have prevented accident is for the past seven 
years 16, whilst for 1878 it stands at 28 ; and it is 
somewhat remarkable that this last number has 
been attained by a steady annual increase, thereby 
showing the increasing need for such appliance. 
Indeed so clear is this that in the concluding 
portion of the report it occupies the second position 
amongst the seven principal causes named as lead- 
ing to the several accidents dealt with by the 
inspecting officer. 

It was our intention to have more fully entered 
into these causes, and the appliances calculated to 
meet them, but our remarks have already carried us 
beyond the limits of our space, and we are perforce 
obliged to postpone —- so until our next issue, 
when we hope to resume the subject. 

We cannot, however, close our remarks without 
expressing our gratification that the large and in- 
creased traffic of the year has been productive of a 
less number of accidents than during the preceding 
year, and that this is especially so in respect of 
collisions between trains, and we cordially agree 
with the report in ascribing this mainly to the 
adoption by the several companies of improved 
methods of working, and of improved and well-re- 
cognised appliances for the protection of the traffic, 





THE BRITISH ASSOCIATION. 

ConTINUING our account of the annual meeting of 
the British Association, which has lately been held 
at Sheffield,* we now come to the proceedings of 
Tuesday, August 26th, which commenc in 
Section A by Professor Forbes reading the Report 
of the Committee on Astronomical Clocks, which 
was pre by Mr. David Gill, F.R.A.S., the 
Astronomer Royal at the Cape of Good Hope. 


FIREDAMP IN MINEs. 


This was followed by Professor Forbes reading 
the Report of the Committee on Instruments for 
detecting Firedamp in Mines, which we printed in 
extenso last week.t It will be remembered that at 
the Dublin Meeting of the British Association Pro- 


fessor Forbes exhibited to Section A arough working 
model of an acoustical firedamp indicator, which 
had been designed by him, and by which, by 
measuring the capacity of a variable resonator 
placed in front of a vibrating tuning-fork, the den- 
sity of the gaseous medium in which the instrument 
is placed may be estimated. In consequence of this 
communication a committee was appointed to inves- 
tigate the subject, and to prepare a report, and it 
was this report to which we now refer. In illustra- 
tion of the experiments recorded in the report, 
Professor Forbes showed the finished and improved 
instrument, which we illustrated on page 213 of our 
last issue. 

After the reading of the reports, three communica. 
tions, by Dr. Janssen followed ; the first, a record of 
his further researches in solar physics, the second 
upon the application of his revolving photographic 
apparatus for the gem sao of partial eclipses, 
and the third on the application of the same appa- 
ratus to animal mechanics, 

Dr. Janssen was followed by Captain Pee 
Galton, C.B., F.R.S., who read his paper on oF er 
Results of Experiments on Friction at High Velo. 
cities.” This paper was read before Section G the day 
before, and was referred to in our notice of last 
week ; it contained, however, nothing but what was 
communicated in his paper read at the last meeting of 
the Institution of Mechanical Engineers, which we 
published at the time.* 

The next paper was by Professor Forbes ‘‘ On the 
Bursting of Firearms when the Muzzle is closed 
with Snow, Earth, &c.,” which phenomenon was ex- 
plained as being due to the great velocity of the 
projectile within the bore of the gun, which is over 
a thousand feet per second ; when the explosion 
takes place the projectile travels forward at an 
enormously high velocity, compressing the air be- 
tween it and the obstruction atthe muzzle, and with 
such rapidity that there is not sufficient time for 
the obstruction to be driven out, and the gun is 
burst by the sudden accumulation of pressure, 

A paper was read by Dr. A. Muirhead ‘On the 
Constancy of the Electric Capacity of certain Ac- 
cumulators,” which was followed by a second paper 
Soames on it by Mr. C, Hockin, which we shall 
probably publish in an early issue. Then followed 
two mathematical papers, the first by Professor A. 
H. Curtis ‘‘On the Condition which must be ful- 
filled by any Number of Forces directed towards 
fixed or movable Centres, in order that any given 
Curve shall be described by a Particle acted on by 
these Forces simultaneously ;” and the second by 
the Reverend Samuel Earnshaw “ On a Theorem 
relating to the Transformation of Series.” 


AN InproveD PHOTOGRAPHIC SCREEN. 
Mr. J. H. Starling then showed a very ingenious 
——— screen by which the lens of a cameracan 
e uncovered from a distant part of the room by a 
very simple pneumatic arrangement ; this consists of 
apair of crescent-shaped shutters which are drawn 
together behind the lens by means of a spring, and 
are opened by a little bellows which is connected to 
a squeeze-ball by a long flexible tube furnished with 
a stop-cock. With this simple — the slightest 
squeeze of the hand opens the shutters and exposes 
the plate, and the moment the pressure on the ball 
is relieved the shutters fly together and cut off the 
lens. By means of the stop-cock the shutters can 
be maintained open, and any area of aperture given 
to the space between them. 


Tue Exectric Lieut. 

The next business was the reading by Mr. Shool- 
bred of the paper on ‘‘ Recent Advances in Electric 
Lighting,” which was read by him before Section G 
on the previous Friday, and to which we alluded a 
fortnight ago.t A short discussion followed this 
second reading, in which Mr. Fitzgerald, Mr. Ayrton, 
Professor Forbes, and Mr, Heinrichs took part. 

VARIABLE SCALES FOR SPECTROSCOPES, 

The President of the section, Mr. Johnstone 
Stoney, F.R.S., then described to the section, a 
scale for the eyepiece of spectroscopes which he 
has designed, and which will be understood from the 
accompanying sketch, see Fig. 1. The object of 
this is to provide a scale for spectroscope work 
which can be adjusted to different magnitudes ; it 
consists of two spiral springs of equal strength and 
elasticity, and of an equal number of convolutions. 
These springs are stretched parallel to one another 
between two bars, one of which slides away from 
the other, and they are united by hairs or fine silk 





* See ENGINEERING, page 199 ante. 
t See ENGINEERING, page 213 ante. 





* See ENGINEERING, vol. xxvii., page 371. 
+ See ENGINEERING, page 196 ante. 


filaments stretched between the convolutions of the 
one spring and the corresponding convolutions of 
the other, These connecting filaments constitute 
the division of the scale, and it will be seen from the 
sketch below and description that when the sprin 

are extended the divisions of the scale are a 
further apart, and when compressed together the 
scale becomes more finely divided, We cannot but 





Fig. 1. 


think that there would arise many causes of error 
in the practical application of this contrivance, 
which is most ingenious in theory ; it would be diffi- 
cult in the first place to obtain two springs so exactly 
alike in strength and elasticity, and so uniform in 
elasticity from end to end, for if one spring were 
stronger than the other the hair lines would not be 
always parallel to one another, but would converge 
and diverge as the springs were compressed or ex- 
tended, and if they were not homogeneous from end 
to end irre ity would be introduced into the 
spacing of the scale; and, again, there would, we 
ink, be difficulties is keeping the threads stretched 
tight at different degrees of extension of the springs. 
A more reliable method of getting over the di an | 
would, we think, be obtained by constructing a sm 
parallelogram of link bars, having crosshairs stretched 
at equal distances between two opposite and parallel 
bars after the manner of the links of a parallel rule, 
the opening and closing of the two end could be 
effected by a micrometer screw, and if the hair lines 
are equally spaced in the first instance they will re- 
main so at every position of the sides of the parallelo- 
tam, tbe distances between them being variable 
m nothing to the full distance a of the points 
of attachment of the hair lines and bars, which dis 
tance would be attained the moment that the 
parallelogram became rectangular. 


Automatic MoTION FoR SPECTROSCOPES. 

Mr. Johnstone Stoney then described a very 
simple arrangement for mounting the prisms of a 
Pong anne by which they adjust themselves to 

e best angle for refraction as the observing tele- 
scope is shifted to view the different of the 
spectrum, In this arrangement two half prisms are 
used, the one opposite the collimator and the other 
in front of the telescope, while between them is a 
whole prism, ‘The two half prisms are mounted 
in frames, which are so geared together by toothed 
arcs working into one another that they turn in 
opposite directions through equal angles on their 
points of junction with the larger central prism. 
Mr, Stoney, asin the great agerveone which is 
being constructed for him by Mr. Howard Grubb, 
immerses the prisms ina bath of a liquid whose 
density as compared with that of the prisms gives 
to the apparatus an index of refraction such as pro- 
duces the best results. 


BINOCULAR SPECTROSCOPES. 

Mr. Stoney then read a short paper on a binocular 
spectroscope designed with the object of remedying 
some of the defects which are inseparable from the 
monocular instrument, the constant use of which is 
conducive to injury to one or other of the eyes. In 
referring to this subject, Dr, Janssen, who spoke in 
French, said that he considered it would be of the 
highest importance to have a spectroscope which 
could be used by the two eyes. hen the spectro~ 
scope is used with one eye, the other eye after a 
time becomes less sensitive, and therefore not so 
valuable for the purpose, but when both are used 
both are preserved and increase in sensitiveness, 
By the use of a binocular instrument, when one eye 
is fatigued the other can be used for observation, 
the fatigued eye is then and the eyesight is 
not only preserved, but rendered more perfect and 
sensitive, 

This concluded the business of Section A at Shef- 
field, and the Rev, R. Harley, F.R.S., proposed a 
very cordial vote of thanks to Mr. Johnstone Stoney 
for having | gg over the section, which was 
seconded b . James Glaisher, F.R.S., who said 
that the ir had been consistently taken by Mr. 
Stoney, both in the sectional meetings and in com- 
mittee, and he supported all that had been said by 
the propoger of the motion. The vote of thanks was 





then put to the meeting, and carried with great 
enthusiamm, and Me, Stoney having replied in & f 
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words, the meeting stood adjourned until August 
next, when it will be held at Swansea. 


Nirrovus Acip propucepD By Exectric ILLUMINATION. 
In Section B, Professor Dewar, F.R.S., the Presi- 
dent of the section, read two very interesting papers, 
the one “On the Synthesis of Hydrocyanic Acid, 
and the other ‘On the Amount of Nitrous Acid 


produced in Electric Illumination.” In these com- | p 


munications, the subjects of which are closely con- 
nected together, Professor Dewar said that when 
carbon poles are used for the purposes of electric 
illumination in an atmosphere of hydrogen, acety- 
line is formed in a gaseous state, which readily 
condenses and combines with a large number of other 
compounds ; but it does not combine with nitrogen, 
except at high temperatures. By passing powerful 
electric sparks through the mixture, combination 
with nitrogen takes place, and hydrocyanic acid is 
formed.* Professor Dewar expressed the opinion 
that what is generally called the carbon spectrum is 
in reality the spectrum of a hydro-carbon intimately 
related to acetyline and its compounds. When the 
electric light is produced between carbon poles in 
atmospheric air, a mixture of acetyline and hydro- 
eyanic acid is produced at the positive pole, which 
fact is of great interest, because if hydrocyanic acid 
and acetyline can be produced, almost all organic 
bodies can be produced artifically. 

In the experiments which were made at the Royal 
Institution, Professor Dewar used a medium-sized 
Siemens machine absorbing about six horse power, 
and this was placed in circuit with a small-size 
Siemens lamp, by which the electric arc was pro- 
duced in the interior of an air-tight chamber fitted 
with arrangements for collecting and analysing the 
air in which the arc was burning, and of measuring 
the heat produced by it. Professor Dewar thought 
that as the electric light is attracting great atten- 
tion at the present time, it would be of interest, 
and perhaps attended with useful results, to make 
an examination of the impurities thrown into the 
air during the production of the electric arc; he 
therefore, designed and had constructed the apparatus 
shown in the diagram Fig. 2, in which A A is a water- 

















DRY AIR 
Fi@. 2. 

jacketted bell cover, the mouth of which rests in an 
annular mercury trough cut in the circular wooden 
base TT. Within this jacket a stream of water 
can be made to circulate by entering by the tube B, 
and flowing away at the exit pipe C. Within the 
chamber forming the interior of this bell receiver is 
placed the electric lamp or regulator L, of which M 
and N are the upper and lower carbons respectively. 
The former of ~ 5 a M, isa hollow tube of carbon, 
the latter being a solid pencil of the ordinary form. 
To the top of the upper hollow carbon pole is 
attached a short length of flexible tubing communi- 
cating with the outside of the chamber through a 
perforated cork at O, and, by connecting this with 
an aspirator, gaseous products may be drawn away 
from the centre of the electric arc and subjected to 
analysis. For examining the air surrounding the 
electric arc a stream of dry air is allowed to enter 
the receiver at Q, and by an aspirator is drawn 
away at P, and may be passed through any number 
of wash bottles, such as are shown at F and G, by 
which the air within the chamber, after having been 
subjected to the influence of the electric arc, may be 

ysed, Professor Dewar, with this apparatus, 
found that with a Siemens lamp, adjusted to give a 


wid H; (acetyline) + N (nitrogen)=2 H.O.N. (hydrocyanic 








long arc, there was an average development of 
nitrous acid equal to half a gramme per hour, that 
is, betweensevenandeight grains; but with a short arc 
the amount of nitrous acid thrown into the air is very 
much less, not exceeding .68 of a gramme per hour. 
A similar series of experiments revealed the fact that 
the Jablochkoff candle discharges into the air a much 
greater quantity of nitrous acid then does the arc 

sodawel in the ordinary way ; this amount is nearly 
double that produced by the Siemens lamp, being as 
much as one gramme per hour, that is from twelve 
to fifteen grains, and this amount is still further in- 
creased if the insulating material (which consists of 
zinc with kaolin or plaster-of-paris) be removed ; 
the reason of this is that the lime absorbs some of 
the nitrous acid, nitrite of lime being produced. 

Professor Dewar’s experiments show that in places 
where the electric light is used, it should be placed 
under a ventilator by which these deleterious com- 

unds may be carried away, or it would have 
injurious effects on health as well as the binding of 
books. The substance produced Professor Dewar 
found to be nearly pure nitrous acid. 

At the conclusion of the reading of the paper a 
short discussion followed, in which Professor 
Williamson, Dr. Gilbert, Mr. J. N. Shoolbred, Mr. 
Conrad Cooke, Professor Wanklyn, and Dr, Glad- 
stone took part, 


ArcTIC RESEARCH. 

In Section E a very interesting paper upon Arctic 
research was read by Commander Beaumont, R.N., 
who, it will be remembered, rendered such distin- 
guished services on the last Arctic expedition under 
Sir George Nares. In speaking .of the various 
possible routes by which the North Pole might be 
reached, Captain Beaumont said that the most pro- 
mising route at first sight was vid Franz Joseph 
Land, by which a sledging party might reach the 
86th parallel, but the chief disadvantage of this 
route was the uncertainty that a ship could ever 
reach this land. The next best route was in his 
— by way of Smith Sound, exploring the land 
about Cape Britannia, and he thought that fair 
winter quarters might be on the eastern shore of 
Robeson Straits, and there might be depéts estab- 
lished at Repulse Harbour. In concluding his paper 
the author predicted important geographical dia- 
coveries and other scientife results for an Arctic ex- 

edition despatched up Smith Sound with Cape 

ritannia and the coasts beyond for its principal goal, 
and he expressed his conviction that the suggested 
proposal of attempting to reach the Pole by means 
of balloons was altogether impracticable. 

Commander Cheyne, who spoke in piteous terms 
at the want of respect with which his pet balloon 
scheme had been treated in the paper, then described 
his proposal. He stated that it was intended for 
his balloon expedition to leave the shores of England 
in May of next year, and to winter in a favourable 
high latitude, In the spring the expedition would 
travel in sledges until the first week in June, when 
they would be divided into three parties each having 
a balloon of a capacity of 32,000 cubic feet filled with 
nearly pure hydrogen, and possessing a lifting power 
of a ton, and, as after reaching the Bole, he would 
return by a different route, he did not propose to 
have any depéts on the line of advance. Com- 
mander Cheyne caused much amusement by saying 
in answer to what he called ‘‘an attack upon his 
age” made by the chairman, that though his age was 
over fifty his constitution was only thirty-two, and 
in Arctic work a man was not estimated by his age 
but by his constitution. 


Tue Panama CANAL, 

In Section G a oT was read by Captain Bed- 
ford Pim, R.N., M.P., ‘*On the Proposed Canal 
across the Isthmus of Panama,” which paper we 
intend to publish in ewtenso on an early occasion. 
In it the author pointed out the impracticability of 
the Panama route as suggested by M: de Lesseps, 
and showed the superiority of the route from the 
harbour of Realejo to the Atlantic by way of the 
Nicaragua and Managua lakes; but a serious draw- 
back would be the cost of making and maintaining 
the harbour at Greytown at the Atlantic terminus. 
He therefore suggested an alternative route starting 
from Pinis Bay, forty miles north of Greytown, to 
the Rama river, a distance of nine miles. This 
river carries deep water some twenty miles into the 
interior, and it would have to be connected with 
Lake Ni by a canal about seventy miles long, 
and another canal would carry on the route to 
Realejo. 

In the discussion which followed Captain Pim’s 
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Hor Biast FURNACES. 


The next paper was that by Mr. E. A. Cowper, 
C.E., “‘On Recent Practice in Heating Air for 
Blast Furnaces,” which we published in extenso in 
our last issue.* 

The business of the section was concluded by the 
reading of two papers, the first by Mr. Emerson 
Bainbridge, ‘‘ On the Cause of the Difference between 
the Quantity of Heat in Fuel and the Quantity 
which is Utilised in the Work done by a Steam 
Engine ;” and the second by Mr. Robert Mansel, 
‘¢On the Law of the Power required for Different 
Speeds of the same Steam Vessel, illustrated, within 
the Limits of Experience, by a Linear Scale of their 
Relation.” This latter paper we shall publish iz 
extenso in an early issue. 


THE CONVERSAZIONE. 

On the evening*of Tuesday, the 26 ult., a very bril- 
liant conversazione was given in the Cutlers’ Hall by 
the Local Committee, at which a very large collection 
of objects of scientific interest were exbibited, At 
eertain times throughout the evening Mr. Crookes, 
F.R.S., showed some of his beautiful demonstrations 
of the laws of radiant matter, repeating many of the 
experiments with which his lecture at the Albert 
Hall} was illustrated. In the same room, alternating 
with Mr, Crookes’s demonstrations, Mr. W. E. 
Ayrton exhibited specimens of Japanese mirrors 
which possess optical properties that appear almost 
magical, In general appearance they consist of a 
thin circular dise of bronze silvered on one side, and 
carrying on its back raised devices and letters pro- 
duced by depression in the mould in which the 
mirror was cast. The face of the mirror is to all 
appearance perfectly uniform, and no trace of any 
letters or pattern can be detected by looking at it, 
but if the mirror be placed in a beam of strong light 
so as to reflect an image on ascreen, in that image is 
ae acopy of whatever raised designs are at the 

ack of the mirror, these patterns appearing on the 
screen as brighter portions than the rest of the field. 
The cause of this interesting phenomenon may be 
explained as follows: During the polishing process the 
thin metal forming the ground having nothing behind 
it toprevent it from buckling, yields under the polisher 
and does not get quite so much ground down as in 
the more rigid portions supported by the embossed 

atterun—much after the same manner as “ rub- 

ings” are taken of monumental brasses and of the 
embossed covers of books. When, therefore, the 
pressure of the polishing process is removed there 
will be a difference of surface between the surface 
backed up by the pattern and the unsupported 
surface of the field, and this difference, too small to 
be detected by ordinary observation, is sufficient to 
make itself conspicuously apparent when a beam of 
strong light is reflected by it on to a white screen. 

Mr. Ayrton showed also the apparatus in action 
with which his lecture to working men was illustrated 
on the previous Saturday. On one table a Froment 
electro-magnetic engine was driving on one side a 
model pump and on the other a model pile-driver, 
while a circular saw and an emery grinding wheel 
were driven by an electric current produced by a 
Siemens machine in a factory at some distance from 
the hall, being connected to it by a cable passing 
over the tops of the houses and above the streets. 

Telephones were of course in great force, in fact, 
one almost begins to wonder how our ancestors were 
ever able to give a scientific soirée before the tele- 
phone was invented. Messrs. Tasker and Co., of 
Sheffield, who are, we understand, the agents for 
Professor Bell’s telephone, exhibited the system of 
telephone exchange as used in America, by which 
any subscriber to the central agency can at a mo- 
ment’s notice be placed in communication with any 
other subscriber. Communications were thus ¢s- 
tablished between the Cutlers’ Hall, the Albert 
Hall, the reception room at Firth College, the offices 
of the local newspapers, and with the works of 
Messrs. Tasker and Co. The same firm also exhibited 
Mr, Louis Crossley’s combination of the micro- 
phone and telephone, which has for some months 
past been in actual and regular use for transmitting 
to the room of a sick person the whole of the service 
in a church three miles away. 

Mr. E. H. Johnson exhibited Edison’s electro- 
chemical telephone, which has been described in 


* See ENGINEERING, page 213 ante. 
+ See ENGINEERING, pages 165 and 187 ante. 
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these columns,* and which was contributed by the 
Edison Telephone Company of London. A form of 
loud-speaking microphone-telephone was also exhi- 
bited by the Rev. H. Hummings. 

In the large hall, Colonel P. P. de la Sala showed 
specimens of wood rendered non-inflammable by a 
chemical process, as well as models of life-saving 
portable boats, while Mr. E. A, Cowper showed his 
writing telegraph, which has also been fully described 
in these pages. 

Mr. Chandler Roberts, F.R.S., exhibited a 
beautiful specimen of Professor Hughes’s induction 
balance and sonometer as arranged for the 
acoustical assaying of metals. 

Messrs. Lund’s method of synchronising clocks 
or of setting their hands periodically by an electric 
current transmitted by a standard time-keeper at a 
distance, was exhibited by Messrs. Burrell, of Shef- 
field, who, however, did not think it necessary 
to mention any name but their own in connexion 
with the invention. 

Professor George Forbes, F.R.S.E., showed his 
firedamp indicator, which we illustrated and described 
on page 213 of our last number, as well as his instru- 
ment for indicating the warmth of the air as felt by 
the body; this instrument we also described and 
figured last week.} 

Mr. J, E. H. Gordon, the assistant secretary to 
the Association, exhibited the instruments used by 
him for the continuation of his researches ‘‘ On 
Specific Induction Capacity,” which formed the 
subject of a paper read by him before Section A. 
On the first day of the meeting Mr. Rogers Field 
exhibited in action his self-acting intermittent 
syphon, upon which he read a paper befure both 
Sections A and G. 

It would be impossible to do anything like justice 
to the many things of interest exhibited, of which 
we have not been able to refer to more than one 
quarter. It was acknowledged on all sides that the 
soirée was a great success. At its close dancing was 
commenced, which was kept up till 1 o’clock, when 
the company dispersed. 

* See ENGINEERING, vol. xxvii., page 238. 
i See ENGINEERING, vol. xxvii., page 180. 
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The next day, Wednesday the 27th of August, 
the usual formal meetings were held, the first at 
1 o’clock of the General Committee, when the 
votes for money grants were passed, and the 
second at 3 o’clock, the concluding general meeting 
which was held in the Albert Hall, and when the 
usual votes of thanks to the Mayor and Corporation 
of Sheffield and to the President and officers of the 
British Association were passed. A number of 
complimentary speeches were made, and the meet- 
ing was adjourned till the 25th of August, 1880, 
to be held at Swansea. 


BOILER EXPLOSION ON BOARD THE 
TUG-BOAT “ VICTOR.” 

A Boarp of Trade inquiry has lately been held, 
at Belfast, into the circumstances attending the ex- 
plosion of a boiler on board the tug-boat Victor on 
the 10th of August last, this explosion having caused 
the death of one of the stokers, named Conlan, The 
inquiry was held before Mr. C. D. Clifford-Lioyd, 
sitting as judge, with Captain Holt, I.N., and Mr. 

. C. May, as assessors, and judgment was de- 
livered last Tuesday week, the 9th inst. From the 
evidence given at the inquiry it was shown that the 
explosion, like many which have preceded it, was 
simply due to the boiler having been worked 
without proper supervision, its condition being 
assumed to be good without any adequate inspection 
having been made to afford grounds for such an 
assumption. The circumstances attending the ex- 
plosion and the history of the vessel and her 
machinery prior to the failure are well summarised 
from the evidence in the judgment delivered b 
Mr. Lloyd, and we have therefore thought it we 
to print this judgment in extenso. To further 
explain the circumstances of the explosion we annex 
engravings of the boiler which failed, while we | 
also give some further particulars which, althoug 
brought out in the course of the evidence, are not 
detailed in the judgment. 

The Victor was fitted with two boilers of the 
type shown by our engraving, each boiler being 
14 ft. long by 7 ft. in diameter, and having two 
furnaces and one return flue as shown. According 
to the evidence of Mr. Joseph Lewis, the superin- 
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Macllwaine and Lewis, Belfast, the shell plates were 
2 in, thick, except the ends which were +, in. thick ; 
the furnace tops and sides were +5; in. thick, the 
bottoms § in. thick, and the boilers were properly 
stayed for a working pressure of 251b. The failure 
took place in the midship furnace of the starboard 
boiler at the place marked in our engraving, this point 
being covered by the bridge, which according to 
the evidence had never been: removed when the 
boilers were examined. Between May, 1876, when 
the Victor first came to Belfast, and June of the 
eee year, repairs had from time to time been 
one, a screw patch having been put on the front 
end plate and another on the top of the shell of the 
starboard boiler, while two or three patches had 
been put on the furnace side of the same boiler. 
The port boiler had received three small rivetted 
— and a small screw patch on the shell. In 
une last the starboard boiler received a new plate 
at the front end, some rivetted patches on the 
wing furnace, and a screw — on the uptake, while 
at the same time the port boiler received a stiffening 
plate round the bottom of the sludge door and some 
patches on the midship furnace. The repairs were 
all made on board, and when they had been exe- 
cuted the boilers were not tested by hydraulic 
pressure. The feed water entered the boilers near 
the bottom of the shell about 18 in, from the point 
where failure occurred, and it was proved in the 
course of the inquiry that the boilers had been 
patched at two places at some former date of which 
there was no record, on account of corrosion of 
similar character to that which caused the explosion. 
The repairs above mentioned as having been done 
since the Victor arrived at Belfast in 1876 were per- 
formed by Messrs, Macllwaine and Lewis of that 
place, and one of the points raised during the inquiry 
was as to the responsibility incurred by Messrs. 
Maellwaine and Lewis, in consequence of these 
repairs having been executed by them. As will be 
seen from the judgment which we subjoin the 
finding of the Court was clearly to the effect that 
Messrs. Macllwaine and Lewis had in executing 
the repairs merely carried out work for which they 
had received specific orders, and that the boilers 
had not been placed in their hands for examination, 
the responsibility as to the amount of repairing 
work done remaining with the owners. This view 
is, we may add, clearly supported by the evidence. 
In the judgment it will be seen that the responsi- 
bility of working the boilers in an improper condi- 
tion is thrown clearly upon the owners, and we 
trust that the remarks which the judgment contains 
will have some effect in checking the reckless manner 
in which the working and repairing of many boilers 
is conducted under the supervision of persons who 
have no practical acquaintance with boilers, and no 
special fitness for the task they undertake. 
The judgment of the Court in the case of the 
Victor is as follows : 


The Court has now been engaged for a week upon this 
inquiry, and, though the facts of the case are simple in 
themselves, it has been necessary to examine many witnesses 
at considerable length, in order to find out whether blame 
attaches to any person on account of the bursting of one of 
the boilers of the steam-tug Victor, and if so, to whom. 
The inquiry has been somewhat protracted on account of 
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the complete absence of documentary evidence, which might 


, in a 

these: The Victor is a 
paddle wheel steam-tug, built of wood at Middlesbrough- 
fficial number is 


have existed, and indeed should have 
ease. The facts are simpl 


on-Tees, in September, 1863; her o J 
47,052; gross tonnage, 79.41 tons, but after deductin 
the engine and boiler room, 22.02 tons ; sloop A 
carrying one mast. At the time of tthe accident she 
was fitted with jet-condensing engines of 40 horse- 


power (nominal), and to supply them with steam there 


were two double-fiued boilers, each firing at both furnaces. 
d boilers 


These engines an ] 
South Shields. Her port of registry is Bridgewater, and 
she is held in 64 shares by three owners in nearly equal 


rtions, named respectively Henry Quinn, Hugh M‘ 
ollock, and Alexander 
register Henry Quinn appeared as the m 


wher, 


o 

but it was stated in evidence by Henry Quinn that this was 
- Bollock was ae is = 

managing owner, and upon the latter gentleman ing the 
application to the Court he wasadmitted as such to be a party 
to the proceedings under Rule 7 of the ‘‘ Shipping — 
e 


present owners purchased the ship in the year 1876, from a 
The Victor 


an error, and that Hugh M‘Dowell 


Rules, 1878,’ and appeared throughout in person. 


steam towing com , of and at Bridgewater. 
left one of the Belfast quays at about 6.30 a.m. on Sunday, 
August 10, 1879, having in tow a Norwegian barque. The 
Victor had on board upon that occasion a crew of four hands, 
viz., a master, an engineer, a fireman, and one deck hand 
for the helm, the latter being an able seaman. The master 
upon this occasion was one Hugh M‘Greevy, who acted 
as such upon Sundays, and upon other days as mate, the 
master being Henry Quinn (before referred to as one of 
the owners), who, however, was exempted from Sunday 
work by agreement with his co-partners. None of the 
officers belonging to the ship held certificates. All appears 
to have gone well until about 8.30 a.m., and at this time 
the Victor, with the Norwegian barque in tow, was about 
midway between Carrickf and Greypoint, the pressure 
of steam, as indicated by the gauge, being about 181b. to 
the square inch, much below the pressure at which the lock- 
a ety valve would blow off. At this time a slight ex- 
ion was heard by some one on board, steam was seen 
issuing from the engine hatch, and immediately afterwards 
from one of the coal bunker filling holes, and the fireman 
Francis Conlon was seen trying to gain the deck by that 
aperture from his place in the stokehole, he being badly 
scalded by the steam and boiling water that was found to 
be issuing from the starboard boiler. Assistance bei 
rendered he was extricated and found to be severely scald 
so he was removed to the Royal Hospital, where he died 
the same afternoon. The o of the explosion was then 
ascertained. the floor-plate of the —- 
close to a 


and caused the death of the fireman Conlon. The engine 
driver ap; to have acted most promptly and properly, 
he backed his engines, cast off the barque in tow, eased off his 
safety valves, threw off the expansion gear, thus doing all 
he could from the deck (his position when the engines were at 
work) to reduce the pressure of steam. When the pressure 
of steam was so far reduced as to enable the engine-room to 
be entered, and the boilers examined, the latter were tem- 
porarily repaired, and the Victor returned to Belfast, where 
she was at once again examined by Mr. Sowter, one of the 
surveyors to the Board of Trade in this port. Mr. Sowter 
sent in a report to the Board of Trade, and the ship was by 
authority detained. Mr. Sowter subsequently sent in a 
more detailed report. Both of these reports had been 


handed in, and made evidence, which in effect was that the | 8" 


plate was at the injured part extensively corroded 

upon the under side, and within an area of three or four 
uare inches was reduced in thickness to about y, in., at 
rt it gave way under a pressure of steam below 
what the boilers were considered capable of safely working 
at. Such being the facts of the case, it remains to con- 
sider the evidence beari =e Pe various questions sub- 
mitted to the Court by the of Trade, and to give a 
decision upon them seriatim. Question 1. What was the 
cause of the ae or — board the Victor, on 
August 10, 1877, whereby the of one life ensued ? 
There is clearest evidence on this subject, viz., that of 
the engineer of the vessel, and of Mr. Sowter, the 
Board of Trade surveyor. The Covrt finds the cause 
to have been the impossibility of a portion of the floor 
plate of the midship furnace of the starboard boiler with- 
standing the ordinary working pressure of the boilers, 
owing to its being eaten away by corrosion, resulting from 
the ordinary oonting of the boilers. Question 2. W. er 
the vessel had at any time since her construction been sup- 
plied with new boilers? The evidence of William Gregg 
shows that at the time of purchase in 1876 the boilers were 
the original ones, and as they have not been renewed since 
she Court has no hesitation in finding the vessel had no 
been supplied with new boilers since her constrnction. In 
an inquiry of this nature, where the age of the boilers 
comes so much under consideration, the Board of Trade 
should have put some satisfactory evidence before 
the Court bearing upon the subject. The only evi- 
dence there is touching upon the age of the boilers 
at the time of purchase by the present owners in 1876 is 
that of the man William wee, whe was called at the 
suggestion of the Court. Mr. ock could give no evidence 
as to their age beyond the fact that since he had been part 
owner no new boilers had been put into the vessel. When 
Mr. Pollock bought her in 1876 he did so upon the recom- 
mendation of this William Gregg, given h a Mr. 


8 
which 


reality 





were made by Reynoldson, of 


well 
itchell, all of Belfast. On the 


ever the owners 


first endeavoured to show that in 


The owners not having 
purchasing the vessel, and not having had it made since, up 
to the time of the accident—an examination which, if made, 
would have disclosed the plates in such a state that pre- 
cautions would have been taken, and repairs made, which 


Mr. Pollock) then believed the boilers to 
- ity thi 


Pollock did not even inquire the age of the boilers from 
this William , who had made an examination (such 
as itwas) of them. The Court cannot conceive more reck- 
less negligence than for the purchaser of a steamer to put 
men to work in a stokehole without having had the 
ilers examined by a qualified person, thereby a 
explosion and consequent loss of human life. From Mr. 
Pallock’s own evidence, he knew so little about the boilers 
of this vessel that even the age of them was own to 
him or to any of his co-partners. William neither 
made a proper examination, nor was he apparently qualified 
todo so. He did not remove the bridges, and had he done 
so he would have discovered that underneath the two other 
furnaces corrosions,{which had been patched, cen 
place similar to that which was the cause of the explosion 
which is the subject matter of this inquiry. He states he 
knew the age of the boilers at the time he examined them, 
but did not communicate this all-important information to 
the intending purchaser, as he was not asked. As aconse- 
quence William Gregg either purposely concealed it from, or 
signally failed in his duty in not communicating it to them, 
as he had been sent over special y to examine and report 
upon the engines and boilers. The intending purchasers, 
however,'should have known what sort of man they were em- 
ploying upon this most important duty ; and if people, either 
rom motives of economy or otherwise, will employ such an 
incompetent person as William Gregg has proved himself to 
be in this icular respect, the responsibility attaching to 
them is all the heavier. This witness states that he knew 
that the parts under the bridges were specially liable to 
decay, yet he did not examine them by removing the bridge ; 
he knew the age of the boilers; he knew that the price of 
a vessel of the Victor’s size avecaty Sees on the 
age of the boilers; and yet he swears that he did not com- 
municate what he knew to the intending purchasers who 
had employed him. The witness farther states that corro- 
sion might have been going on without his seeing it, and 


nevertheless he reported the boilers sound. As Mr. Pollock 
said, in addressing the Court, the evidence of this witness 
is, indeed, unsatisfactory. Notwithstanding its being so, 
and although it was opposed to common sense, and even to 
probability in fact—coupled with Mr. Pollock’s evidence 
that the age of the boilers was not given—the |Court can 
only accept it as true, condemn, in the interest of others 
than the owners, a purchase 
attach the res 


made in such a manner, and 
msibility to the proper person or persons. 


estion 3. ether the owners of the v took reason- 


mn 
Sie and proper precaution to ascertain and to satisfy 
themselves that the vessel and her ——e, particularly 
the boilers, were in good and seaworthy con 
of the remarks 
this question. 
refers to the time at which the accident occurred. How- 


tion? Many 
e above apply equally in considering 
The Court concludes that the question 


ma; nate ates as —_ the hull and 
qnginen, thapaauaetion moment of purchase caused a 

examination of the boilers to be made. at 
lacing the vessel at 


times in the hands of Messrs. Macllwaine and Lewis for 


repairs to the boilers there was an implied authority to 
make this thorough examination; but Mr. 
evidence and that of Mr. J. Lewis quite does away with 
this contention. J y 

been made without- removing the brickwork bridges in 
the flues, and Mr. Mitchell states that he never 
such orders to Messrs. MacIlwaine and Lewis, an 


Mitchell’s 
No thorough examination could have 


ve any 
would 
have been much surprised had the firm done so without 
such orders. Mr. Lewis, the foreman of Messrs. Mac- 
Ilwaine and Lewis, states that Mr. Mitchell, having a 
knowledge of boilers and engines, always gave specific in- 
stractions as to repairs, in the execution of which, if Mr. 
Lewis discovered any other defects, authority was always 
iven to make them goat also. There is a vast and v 

important difference between this and handing over a vesse 
to a firm for the purpose of having a thorough examination 
made of the boilers and all defects reported to the owners. 
had this examination made when 


would have prevented the accident under consideration, and 


consequently loss of human life—the Court must hold that 


such reasonable and proper precautions as are alluded to in 
the question were not taken by the owners of the ing 
Victor. Question 4. Whether the owners were justifi 
in ing the vessel under the of uncertificated 
officers, either in the management of the vessel or in the 
care of the machinery? It is the custom, there is no law 
against it, and therefore the Court finds that the owners 
were justified in so doing, the res ibility of course 
attaching to themselves for so doing. tion 5. 
Whether Messrs. MacIlwaine and Lewis, who repaired the 
boilers, did properly examine and repair the boilers in June 
t, and whether they were justified in neglecting to test 
them by the usual means after such repairs? At the 
sitting of the Court on Saturday, Messrs. Macllwaine and 
Lewis, ages by Mr. waine, appeared before the 
complained that such a question should be put 
to the Court without their having been made a party to the 
case by the Board of Trade. The Court understands that 
owing to some misapprehension on the part of the Board of 
Trade Mr. Joseph Yovie, Jun., Messrs. Macllwaine and 
Lewis's salaried foreman, was made a party to the case, 
instead of Messrs. MacIlwaine and Lewis themselves. The 
Court would certainly not have answered this question in a 
manner condemnatory to the Messrs. Macilwaine and 
rate po mmet Sapna bering given the firm x, oppor- 
tunity o ing a y e ae . - 
ing its cause, but as ) ye bd he firm from all 
in the matter, the Court has no hesitation in stating so, and 


puuh ewan, ole ciel bares 


i acquainted with 
and much experienced in this i 


of machinery, and of 


Mr. Lewis, Jun., as reviewed above, clear! 
Maell 





the question. 


of capabili 

boilers frequently where 
tion of the other could only take. 
laying the vessel up, which could only be done by orders 
of the owners. Question 9. Whether, when the vessel left 


and finds, that the owners—namely, 


The evidence of Mr. Mitchell, a} th 


shows that 
waine and Lewis were not called upon to 
such examination of the boilers as is indicated in 


the question, and there is no evidence before the Court to 
show that such usual tests i i 
as Messrs. MacIlwaine and Lewis made in June las; were 
not applied or were oe. Question 6. Whether 
Messrs. MacIlwaine and 

that the boilers were in June last in good 
safely for twelve months at a pressure of 25 lb. to the square 
inch, having regard 
wag Rate tested by them, that some parts were ont of 
Sig 


as are after repairs such 


wis are justified in asserti 
order to wor 
to the fact that they had notin any 


, and could only have their state ascertained by other 


means than those of sight, and that some plates of the 


boilers were known to be badly corroded, and were reduced 
from } in. to yin. in thickness? Mr. MacIlwaine, on the 
part of his firm, also res ully protested to the Court 
upon Saturday inst such a question being put to the 
Court without their ever having been made a party to the 
Pp ing. The Court has no evidence whatever before it 
that Messrs. MacIlwaine and Lewis ever did so assert. 
This erroneous assumption on the of the Board of 
Trade seems to be grounded upon the evidence given by 
Messrs. MacIlwaine and Lewis’s foreman—Mr. J. Lewis, 
Jun., a salaried servant tothe firm. It is true that this 
witness made a statement to the effect that, after examin- 
ing the boilers in June last, such was his opinion as to their 
capabilities, but he informed the Court that there should 
have been a thorough examination of the boilers (which, 
not having been ordered by the owners, was not made) to 
make that — ofany value. It is not shown in evidence 
that even he (the foreman to Messrs. MaclIlwaine and 
Lewis) so much as verbally expressed this opinion to the 
owners of the vessel. So the Court quite fails to see how 
the expression of an opinion by the servant of Messrs. Mac- 
Ilwaine and Lewis, upon September 4, 1879, and. admitted 
by the person who offered it to be valueless, ought to be 
the groundwork of an assumption seriously reflecting upon 
this firm, or how it is sought thereby to make this firm in 


any way contributory to a casualty which occurred on August 
h 


10. The Court, therefore, finds that Messrs MaclIlwaine 
and Lewis did not make any such assertion as contained in 
Question 7. Whether a properly qualified 
person was appointed by the owners to take charge of the 
machinery, and whether the person acting as such took 


proper means to ascertain that the engines and boilers of 
the vessel were in 


and proper order? Question 8. 


Whether the cleansing of the boilers and the prevention of 


corrosion were properly looked after by the master? The 


man in charge of the machinery and the master were of 


the ordi class met with in boats of this description, and 
the Court thitke ¥ 
the owners, subject to the responsibility attaching to 


, there being no law upon the —_ 

em- 
selves thereby, were justified in placing them in their 
respective peaitions, which they filled. apparently to the best 
i ilities. The officers of the ship examined the 
they could be seen, the examina- 
place by temporarily 


Belfast, she was in good and seaworthy condition, and if 
not, who are the parties responsible for the vessel having 
left that port in a bad and unseaworthy condition? The 
Court is of opinion that the Victor was not in a good and 
seaworthy condition when she left Belfast (her moorings) 
on the 10th of ae last—that is, so far as her boilers 
are concerned—and they consider the owners are responsible 
for her having been in and having left her moorings in 
this unsound condition. Question 10. Whether she was 
properly navigated, and whether her boilers were worked 
at too great a pressure? The Court finds that she was 
properly navigated, ahd that, supposing the boilers to have 
been sound, they were not worked at too great a pressure. 
Question 11. Whether everything was done for the 
d fireman by those on board by extricating him 
from the stokehole, attending to his wounds and scalds, and 
conveying him asbore and placing him under medical care ? 
The Court finds that everything was so done. Question 12. 


Finally, whether the master, the owner, the Messrs. 


Macllwaine and Lewis, or any other person or persons, 
or either of them, is in default? The Court is of opinion, 
Haugh lowell 
Pollock, Henry » and Alexander Mitchell, are in- 
dividually and collectively in default in this matter. They 
e, inasmuch as they purchased that vessel 
the recommendation simply of an in- 
So far as his opinion upon such a 
matter went, they took no proper means of ascertaining 
the real condition of the vessel’s boilers in all parts, either 
at the time of purchase or since up to the date of accident. 
Since the date of the purchase up to that of the accident 
they have left everything connected with the repair of the 
vessel’s machinery and boilers in the hands of one of them- 
selves, Mr. Alexander Mitchell, who directed himself what 
repairs were to be undertaken. The responsibility thus 
put upon him by the owners, and accepted by him with 
that confidence which a little knowledge too often gives, 
was out of all proportion to his capacity and responsibility, 
bn yp would pees ap a geod firm 
of engineers capable of undertaking it. result was 
that a particular part of a boiler specially liable to decay 
was never subject to an examination during the present 
ownership, and the particular part corroded away, and 
finally burst, causing a loss of human life. The Court on 
these grounds holds the owners in default, and orders that 
they pay the costs of this investigation. The Court re- 
marks how much more satisfactory it would have been 
to all parties directly or indirectly concerned, and how much 
easier it would haye been to point out where responsibility 
rested, had the reports on which the vessel urchased 
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received throughout this investigation from Captain Holt, 
late Indian navy nautical assessor, and from Mr. R. C. 
May, engineer assessor. To the latter, indeed, the Court 
is specially indebted for all the technical knowledge and 
experience willingly placed at its disposal and is glad to 
say that both these gentlemen concnr in this judgment. 

The inquiry then terminated. 


FOREIGN AND COLONIAL NOTES. 

Freight Cars on the Pennsylvania Railroad.—The first 
freight car built for the Pennsylvania Railroad carried 
6 tons; then their carrying capacity was increased to 
8, 10, 12, 15 tons, and the company are now building cars 
* tocarry 20 tons. The next jump will be to 30 tons, not of 
grain, but iron and other dead weight freight. During the 
removal of the wreck of the Pittsburgh fire, one car 
brought to Altoona at one load 35 tons net of the débris. 
Seventeen tons of coal are carried now in small coal 
hoppers. 


Railroads in the United States.—The following state- 
ment shows the number of miles of railroad in operation in 
each state and territory of the United States last year, as 
compared with 1877: Maine, 989; New Hampshire, 1009 
against 964; Vermont, 8739 against 872; Massachusetts, 
1872 against 1863; Rhode Island, 208 against 204; Con- 
necticut, 922 ; New York, 5877 against 5725 ; New Jersey, 
1663 against 1661; Pennsylvania, 6011 ainst 5902 ; 
Delaware, 289 against 272; Maryland and district of 
Columbia, 952 against 944; West Virginia, 669 against 
638 ; Virginia, 1646 against 1635; Kentucky, 1528 against 
1509; North Carolina, 1435 against 1426; Tennessee, 1665 
against 1656; South Carolina, 1419 against 1406; Georgia, 
2415 against 2339; Florida, 487 against 485; Alabama, 
1839 against 1802; Mississippi, 1126 against 1088; 
Louisiana, 466 ; Ohio, 5151 against 4878; Michigan, 3593 
against 3477; Indiana, 4198 against 4057; Illinois, 7506 
against 7392; Wisconsin, 2810 against 2701; Minnesota, 
2535 against 2194; Dakota Territory, 320 against 290 ; 
Iowa, 4266 against 4134; Missouri, 3286 against 3198 ; 
Indian country, 275; Arkansas, 783 against 767 ; Texas, 
2428 against 2210; Nebraska, 1344 against 1286; Kansas, 
2427 against 2352; Colorado, 1165 against 1045; New 
Mexico, 8; Wyoming, 472 against 465 ; Idaho, 80 ; Utah, 
543 against 506; Nevada, 627; California, 2149 against 
2(80; Arizona, 27 ; Oregon, 283 against 248 ; Washington, 
212 against 197. In Maine, Connecticut, Louisiana, the 
Indian country, and Nevada, the figures are the same for 
both years. 


The Telegraph in Cyprus.—The Eastern Telegraph Com- 
pany are laying their wires to Kyrenia. Nicosia, Larnaca, 
Limassol, Paphos, and Troados are all now connected by 
wires, and very shortly Famagusta and Kyrenia will also be 
included in the series. 


The St. Gothard Tunnel.—At the close of July, 1879, 
the St. Gothard Tunnel had been pierced for a distance of 
15,140 yards. The distance still remaining to be pierced 
at the same date was 1444 yards. The tunnel is advancing 
at present at the rate of 111 yards per month. It will not, 
then, be completed this year. 














THE East LONDON WATER CoMPANY.—For some time 
past many complaints have been made by inhabitants, 
manufacturers, and others, deriving their supply from the 
mains of the East London Water Company. Sir Sydney 
H. Waterlow, as chairman of the Improved Industrial 
Dwellings Company, addressed the President of the Local 
Government Board, Mr. Sclater-Booth, last week in a long 
letter, remonstrating on the subject of this water supply. 
He first refers to the speech of Mr. Sclater-Booth, on 
August 8, during the discussion on the water question 
resulting from Mr. Faweett’s motion, to which we drew 
attention in our issue of August 22. In that speech Mr. 
Sclater-Booth remarked that it was not the fact that com- 
plaint had been made by or on behalf of the poor people of 
the East of London, but that the complaint arose from the 
Improved Industrial Dwellings Company, which the East 
London Water Company stated they were not compelled to 
supply, as beyond a certain elevation above their mains, 
charging the Dwellings Company with having erected 
buildings at heights beyond the Parliament y enactment 
To this statement Sir S. Waterlow gives the most un- 
qualified denial in his letter. He admits that several 
years ago the complaint of the water company might have 
been partly true, but since that period the Dwellings 
Company have restricted the height of their cisterns to 
40 ft., so as to meet the difficulty ; but even at this height, 
the water company has failed to give a regular supply. 
Consequently over 3000 persons suffered from want of 
water. For four or five weeks in January and February 
last Sir 8. Waterlow states that the water company wholly 
failed to deliver water at some of the buildings, where the 
cisterns were within the required height, and therefore 
men had to be employed, at great cost, to carry water to 
the various floors of the buildings. Sir Sydney states that 
out of three thousand dwellings erected by his company, 
not one had suffered from deficient water supply during 
the last sixteen years, except where such dwellings were 
within the district of the East London Company. He 
states that the New River supplies to the height of 73 ft., 
and other companies to an elevation down to 55ft. In 
conclusion Sir 8. Waterlow strongly urges the question of 
the water supply in the poorer districts of Londou on the 
immediate attention of the Government. We see several 
letters addressed to the newspapers complaining bitterly 
of the arbitrary action of the East London © mpany. 
Surely at the present time it is not wise on the part of 
water companies to try the patience of their consumers. 
Let them take the example of the companies, who v: 
prudently admitted, and to a considerable extent remedied, 
their previous errors. 








NOTES FROM THE SOUTH-WEST. 


South Wales Coal and Iron.—The coal and iron exports 
from nearly all the South Wales ports during August were 
the largest ever recorded. The returns for Cardiff have 
never been exceeded, or, indeed, reached bef 
ments of coal to foreign ports from Cardiff during August 
amounted to 400,366 tons; from Newport the shi ments 
were 76,419 tons ; from Swansea, 55,846 tons; and from 
Llanelly, 6683 tons. Last year the foreign coal shipments 
from Cardiff during August were 367, tons ; Newport, 
73,925 tons; Swansea, 57,084 tons; and Llanelly, 4926 
tons. The coastwise shipments last month were: Cardiff, 
69,671 tons ; Newport, 83,473 tons ; Swansea, 44,437 tons ; 
Llanelly, 9276 tons. The coastwise shipments for August, 
1878, were; Cardiff, 69,254 tons ; aeenem 79,776 tons ; 
Swansea, 23,156 tons; Llanelly, 13, tons. The ship- 
ments of iron from Cardiff were unusually large, reaching 
to 13,852 tons, the average shipments being 5000 tons per 
month. From Newport the iron shipments were 5113 tons, 
and from Swansea 1080 tons. 


The Forest of Dean.—The past week has revealed inci- 
dents which give hopes of a reaction in the iron trade. Two 
of Messrs. Crawshay’s mines have been re- » an 
stocks of pig iron are diminishing. A belief prevails that 
iron will be dearer, and, therefore, local consumers have 
been giving out some orders. Tin-plate making is fairl 
active in the Forest, and wire continues in good demand. 
Some few of the Forest collieries are working nearly full 
time, and were quotations at all legitimate, there would be 
much less to complain of than is now the case. yo 
has been rather slack during the past week, but this is 
traceable to low tides rather than to any other cause. In 
the event of the Government inspection being satisfactory, 
the Severn Bridge is likely to be opened on the 17th 

roximo, and arrangements are being made for shipping 
orest coal at the Sharpness Docks. 


The Avonside Engine Company.—A meeting of the 
shareholders in this concern will be shortly held, when a 
scheme for reconstructing the company will be submitted 
for approval. The main points of the proposal are that 
the debenture holders shall not enforce = gp of their 
debentures until the 3lst of December, 1886, unless there 
shall be a default in the payment of interest. The share 
— of the company is pro to be reduced in the 
following manner: ‘‘ Each share of 101., having 91. called 
up thereon, shall be reduced by writing off 5/. of the amount 
paid up thereon, making the ordinary capital of the com- 
pany 75,000/., in 15,000 shares of 51. each, with 41. called 
up thereon, provided that nothing in this reduction shall 
relieve the holders from any liability in respect of sum 
called but not paid. The directors may create and issue 
25,0001. of share capital, to be issued and held upon the 
terms that the holders thereof shall be entitled to dividends 
at the rate of 6 per cent. per annum from the date of issue 
on the amount paid up thereon from time to time, in 
priority to any dividends on the ordinary shares of the 
company, but so that the holders of such ordinary shares 
shall not be bound to refund any dividend received in re- 
spect of one year on account of deficiency in subsequent 
years.” 


Cardif.—A large number of a craft entered the 
port during the past week, princip of small to » 
with pitwood from France. A fair number of steamers 
arrived laden with iron ore from Spain, making the docks a 
little busier than has been the case. during the past few 
weeks. The exportation of coal has been slightly better, 
and things generally show a disposition to improve. 
large Government contract has been worked during the week 
for immediate delivery to Gibraltar and Malta, and there 
are a few good contracts floating in the market, which, it 
is hoped, will be secured during the ensuing week. Last 
week’s coal exports amounted to 80,993 tons. 


The Tin-Plate Trade.—At a meeting of tin-plate dele- 

tes at Swansea, on Mo , works in South Wales, 
Gensiouthehive, Worcestershire, and Staffordshire being 
represented, it was decided to form a union for all the 
works in the United Kingdom on one general basis. It 
was also resolved that the make should be 600 boxes per 
month, and the period of labour five days per week. 


Swansea New Dock.—This dock will cover an area of 
23 acres. The depth of water on the sill will be 29 ft. 6in. 
being 7 ft. or 8 ft. deeper than the present depth at the sill 
of the Swansea South Dock. ‘The length of the lock will 
be 400 ft., that at the South Dock being 300 ft., and that at 
the North Dock 160 ft. The width of the lock will 
60 ft. There is to be a half-tide basin covering an area of 
64 acres, the width of the entrance being 65 ft. This, 
however, will not be constructed until r the dock is 
completed and opened for the reception of vessels, the dock 
being designed for ships of the largest burthen. The depth 
of water at the river entrance is now 28 ft., the harbour 
trustees having expended large sums of money in deepening 
the channel. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Lron Market.—The market opened strong 
last Thursday at 47s. 3d. cash to one month, quickly receding 
to 46s. 10}d. cash and 47s. one month accepted, again 
advancing to 47s. 1d. cash and 47s. 3d. one month, the 
forenoon closing with sellers at 47s. 1d. cash. The after- 
noon opened firm at 47s. 14d. cash paid, receding to 
463. 11d. cash accepted, thereafter improving to 47s. 1d. 
cash paid, and sellers over at the close. There was con- 
siderable excitement in the warrant market on Friday, and 
the improvement made in prices on Thursday was exceeded, 
an advance to the extent of 1s. per ton being got. In 
anticipation of a collision between the ironmasters and their 
miners on the question of wages made it easy for holders 


ore. The ship-| oq 


A | about 600 furnacemen and miners 


perm 
be | the directors of the Glasgow and 





to succeed in raising the quotations. Business was done in 
the morning at from 47s. to 47s. 6d. cash, closing buyers at 
the | ep figures. Quotations rose in the oon to 
47s. 8d., and even 48s. cash, and closed with sellers at 48s. 
cash, and buyers 1d. per ton under. There was thus an 
vance of 1s. 9d. per ton over the week. The warrant 
market was very brisk at the opening on Monday, and a 
large amount of business was done at a further advance in 
prices. Although the close was not at the best, still it 
showed a further advance to the extent of 6d. per ton. 
There were transactions during the forenoon at 48s. 6d..to 
48s. 8d. cash, closing sellers at the latter and b at the 
former coerce Business was done in the rnoon at 
48s.7d., 48s. 8d., and 48s. 6d. cash, and at 48s, 9d., 48s. 11d., 
and 48s. 9d. one month, buyers at the close offering 48s. 6d. 
and 48s. 9d. cash and one month respectively, and sellers 
1}d. per ton over. Firmness at the opening was again the 
rule yesterday, but buyers were backward, beli 
= meee See nome 108 Bay id, mary gone 
give way. ereafter a steady set in, 
receded to the extent of 104d. ton, 9d. under Monday's, 
and 3d. under last week’s prices. Iron changed 
hands during the forenoon at from 48s. '7}d.—1}d. over 
Monday’s prices—to 48s. cash, and from 48s. 9d. to 
48s. 14d. one month, closing buyers at 48s. cash, and 48s. 3d. 
one month, and sellers asking 14d. more. Quotations further 
receded in the afternoon from 48s. 14d. to 47s. 10}d. one 
month, and the close was—buyers 47s. 9d. cash and 
47s. 10}d. one month, and sellers 1$d. over. There was a 
flat market this forenoon, when business was done at 
48s. 3d. fourteen days to 48s. 144. cash, also at 48s, 6d. to 
48s. 3d. one month, closing with sellers at 48s. 1d. cash 
and 48s. 3d. one month, buyers offering 1d. per ton less. 
The afternoon market was steady, and beste ess was done 
at 48s. 1d. cash, closing sellers at 48s. cash and 48s. 14d. 
one month. A great{ deal of excitement has existed in 
the market during the past week, chiefly in consequence of 
the ironmasters having resolved last Wednesday to blow 
= <a of the _ Prag ees then in i -] 
there! ing ina position w a large quanti 
coal into the mi market, soas to compete with thes sale 
coalmasters who had ed the advance of asked 
by the miners ; indeed, that has been the s feature 
of the Scotch iron trade during the past week. The de- 
mand for shipment, especially to meet American orders 
has again been good, and makers’ prices have been several 
times advanced. So long as the excitement and-unsettled- 
ness continue it may be expected that there will be some- 
what violent fluctuations in prices. Last week’s shipments 
soe wiih S708 bros tn Sen opevegpenticiomoeet onan, 
wi ms in the correspon wi % 
and the increase from Christmas up pS Saturday was 
72,494 tons. Iron was sent largely into store last week 
and the total stock with Messrs. Connal and Co. up till 
friday night was 304,293 tons, the increase for the week 
being 3157 tons, 


The Scotch Blast Furnaces.—Following up the resolu- 
tion referred to in the foregoing paragraph, Scotch 
ironmasters have very eae, commenced to blow out or 
damp down a number of their blar+ furnaces. On Satur- 
day no fewer than twelve were blown out in Coatbridge 
district—at Gartsherrie, Langloan, Calderbank, Chapel- 
hall (Monkland Company), C , and Carnbroe—throw- 
ing out of employment, it is calculated, about 2000 
furnacemen. The blowing out and damping down of the 
furnaces at Clyde Iron Works, er with the strike of 
the miners at the pits belonging to the same, have led to 


set Furnaces 
have also been blown out or dam wn at Coltness and 
Castlehill (Shotts). Of the ve furnaces at Coltness 
only five are are now in actual operation. 

St. Enoch Station Lighted by Electricity.—Last night 
experiments were made with the electric light in St. Enoch’s 
Station, with the view of testing its efficiency for lighting 
that place. Four lights were used, the machines being 
Gramme’s, and the arrangements were carried out by 
Mr. Joshua Horton, agent for the British Electric 
Light — 14 The lights were on gi in 
the corners 30 ft. or 40 ft. from the platform, and the whole 
station was illuminated by a brilliant white light resembling 
a clear moonlight, which completely obscure 
out by the rows of pas lamps at present in use. The result 
was considered highly sa’ . The experiments are 
to be continued for fourteen nights, and if the results are 
considered sufficiently good to warrant it, the electric lights 
will be aneeiy see Some a a. Most of 

th-Western Railway 
Company and some mem! of the Midland Board were 
present to witness the experiments, which were continued 
till nearly midnight. 

New Store Vessel for Government.—It is stated that 
Messrs. Robert Napier and Sons have concluded a contract 
with the Admiralty authorities to build a screw steam vessel 
of about 500 tons. The steamer is intended for the store 
department, and will be built of iron framework and steel 
plating. Her dimensions are: h, 160 ft.,; breadth, 
24 ft.; and depth of hold, 12 ft.10in. This is the fourth 
small vessel building at Glasgow for the British Navy. 


New Passenger Steamers for the Olyde.—Orders have 
just been given out for the building of two new “ crack’’ 
egg steamers, of the saloon » for the Clyde, 
ab Ageh. ok geek nitiing-gebeliy: Mo -ceigk-om 
as an probably an 
hour. It is understood that they are to be run in con- 


nexion with fast railway trains carrying passengers to 
ann i ag Glasgow and certain watering-p in the:Firth 
lyde. 
a tg Dock Goamieion cist a ing of the Leith 
Dock mmission, Friday, was 
in reference to the new dock works ey eae 
time the sum of 242,6981. had been paid ont, and 
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that the entire cost of the works was estimated at 
0002. 
The Proposed Reduction of Wages on the North British 
Railway.—It is stated that representatives of the various 
Pe pee of the North British Railway Company have 
a meeting with reference to the threatened reduction 
of the salaries of all officials by 10 percent. After the 
subject had been carefully considered, it was unanimously 
to take no action in the matter in the meantime 
seeing that as dl: official notification of the proposed 
reduction had made to the employés. There seemed 
to be a pretty general feeling on the part of those present 
at the meeting, that the directors of the company are dis- 
to reconsider the matter, and that whatever decision 
may ultimately be arrived at, the reduction made will not 
be so sweeping in character as that originally contem- 
plated. It was further pointed out at the m that, in 
any event, reduction could not now take effect as from 
the Ist October, the date formerly mentioned, the regula- 
tions of the com uiring a month’s notice before 
such a change can be ly carried into effect. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wedn ‘ 


The t of South and West Yorkshire.—The 
high ratio c by the railways on heavy goods from 
South and West Yorkshire to the metro are causing 


inventive men to bring forward schemes for the ameliora- 
tion of this. Seaborne coal is reducing the sale of York- 
shire coal in the London market. The capitalists of South 
Yorkshire have now before them projects for the 
opening of huge canals between the coal districts and the 
nt and Sober. The boats to be placed on these 
would be fitted with powerful hydraulic iances for load- 
ing and discharging. It is now » however, that 
nas Ser. W. J. Thompson, 


of London, who is well acquainted 
both with the home and export coal 
subject, and he 


trade, has during the 

last few days again drawn attention to the 
is to show to the owners of collieries not con- 
tiguous to the Aire and Calder navigation, nor even to the 
Trent, how, quite — of its being optional to 
sbip in sacks or in bulk, by means of a non-patented but 
proved system of road traction over an undulating country 
to the water, their ut can be delivered without recourse 
to steam at i under the rate they are at present 
paying by rail.” Iron and coalm are seriously 
idering the whole question, as it is one of vital import- 

ance to the district. 

Engineering and Iron Trade.—Since last week there has 





been a slight improvement in the weering trades of 
the district, and more men are at work, whilst areem- 
ployed more regularly. It seems that orders for pig iron 


have come in heavily within the past fortnight, and also 
for manufactured irons. The result has been that large 
oy are wanted at the mills which have been standing 
idle for months past, and machinery has to be renewed. 
Some of the engineering establishments are therefore called 
upon to complete this work at very short notice, and there 
isa slight pressure af business with some of the houses. 
Orders for machinery in connexion with the iron and steel 
trades are to hand, and though these are not large as yet, 
os are regarded as evidences of an improvement. Several 
of the leading makers find a fair home demand for lathes 
and other machines, and we hear that in consequence 
of the amendment in the file and heavy tool branches, 
makers of gaffs and small steam hammers are doing more 
business. In locomotives there is no more doing, although 
some contracts are in the market. Scotch houses, 
through being able to manufacture more cheaply, are the 
principal and most feared competitors for these ; but should 
prices get up a little, district firms might secure more 
work in this line. The managing director addressing 
a shareholders’ meeting in an engineering concern lately 
said, speaking of the locomotive trade: ‘‘ When trade 
revives so that the Scotch builders cannot meet the de- 
mand then our makers may get work at remunerative 
prices, but not till then.”’ It is well known that during 
the depression some of the builders of these engines 
have ted contracts at a loss of 2001. and 300l. an 
engine rather than have their establishments idle. The 
engineering trades of this district are, therefore, for the 
present dependent on the demand for general machinery 
and the executing of repairs for employment. 


New Reservoir at Bradford.—A special committee of 
the Bradford Town Council has met to consider tenders for 
the construction of a reservoir at Thornton Moor, and 
of a conduit to convey water from the Oxenhope Valley to 
the reservoir, which will cover about 40 acres and have a 
depth of about 25 ft. Messrs. Crabtree Brothers, of Oxen- 
hope, have secured the contract. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there a latge 
attendance on Change at Middlesbrough. It was reported 
that the market was stiffer, but the average price was 
35s. 6d. per ton. Messrs. Connal and , the warrant 
storekeepers, have decreased their stock in Cleveland since 
out last notice by 750 tons. At Glasgow they are receiving 
about 800 tons daily. 5 nde ar wr increased demand for 
pig iron is based u the that a few thousand tons 
are required for Tnseries. The improvement, of which so 





much has been recently stated is not genuine, and this will 
at once be itted when consideration is given to the 
fact that the manufactured iron trade in the north is now 
ina more backward condition than it has been during the 
year. 

Engineering and !Shipbuilding.—The engineering shops 
are only moderately supplied with orders, and a fair amount 
of bridge building is being executed. The shipyards on the 
Sp and Tees are not at all improved, scarcely one-fourth 

the usual number of hands being employed. 


The Coal and .Coke Trades.—All kinds of fuel is in 
ag request, and prices are weak. Many of the collieries, 

e - ironstone mines, are only working about four days 
a week. 


Failure at Middlesbrough.—As an indication of the 
wretched condition of the finished iron trade, and of the 
effect of increased prices in the pig trade without a com- 
mensurate advance in the prices of manufactured iron, we 
may state that Messrs. Jones Brothers and Co., of the 
Ayrton Rolling Mills and Nail Works, have been obliged to 
suspend payment. The liabilities are about 60,0001. 


Trade Prospects.—The most dismal outlook is taken by 
many people in the trade, there being few who think that 
any sunshine is visible. 





“Basic”’ Bricks.—We understand that Mr. James 
Dunnachie, Star Firebrick Works, Glenboig, near Glasgow, 
has been appointed sole manufacturer in Scotland of the 
‘*basic’”’ bricks required for the Thomas-Gilchrist steel 
process. The manufacture will shortly be commenced. 


Paris INTERNATIONAL EXHIBITION.—The reports on 
the Paris Exhibition, made by selected artisans who were 
sent out last year by the Society of Arts, are now in the 
press and will be published immedia’ In order to bring 
them within the reach of the classes chiefly interested, the 
reports have been and printed in eleven classes, 
viz. :—** Pottery and Glass ;’’ ‘‘ Art Workmanship,” com- 


prising work in metal, wood, and stone; ‘‘ Mechanical 


Engineering ;”” . icultnre and Horticulture ;” “ Build- 
ing Trades,” including bricklaying, masonry, joinery, &c. ; 
“Cabinetmaking ;’ Clock and Watchmakin a with 


which is also contained reports on jewellery and_ opti 

instruments ; “‘ Pri ting ;° “ Textile Fabrics ;”’ “‘ Leather 
and India-rubber ;’’ ‘‘ Mining and_ Metall ’ The 
volume is dedicated by permission to H.R.H. the Prince of 


Wales, by whose suggestion the movement was originated. 
Messrs. pson Low are the publishers. The first part 
will be ready in a few days, the others will follow in 
immediate succession. 
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MACHINE FOR SHAPING 


AND SHARPENING KENNEDY'S SPIRAL PUNCHES. 


CONSTRUCTED BY MESSRS. THOMSON, STERNE, AND CO., LIMITED, ENGINEERS, GLASGOW. 














RAILWAY ACCIDENTS. 


In our last impression we dwelt upon some of the 
chief features contained in the Board of Trade 
report on railway accidents for the year 1878. We 
now propose to consider more fully the causes of 
those accidents, and to direct attention to the 
primary means at disposal for their prevention or 
reduction. 

In the report alluded to the principal causes which 
led to the several accidents occurring during the year 
are set forth as follows: 

1. Negligence, want of care, or mistakes. 

2. Inadequate or unsuitable brake-power. 

3. Defective arrangements of signals, ae BS &e. 

4. Defective system for securing intervals of space 
between trains, 

5. Defective maintenance of rolling stock or road. 

6. Excessive speed. 

7. Insufficient regulations. 

“The most serious being that of negligence, or want 
of care, cr mistakes of officers and servants, inade- 
quate or unsuitable brake-power, and defective 
arrangement of signals and points.” 

Now the first cause—that of negligence, want of 
care, or mistakes—vwill enter into almost every 
accident, for it is not to be supposed that railway 
companies, asarule do not, witiowee may be the 
means at their disposal for the regulation and pro- 
tection of traffic, diligently consider and provide to 
the best of their power for its safety. at this is 
sis clearly deducible from the returns furnished by 
the Board of e, for during the year we find that 


out of 108 investigated accidents no less than 8] are 
set down to negligence, &c., and 1] to insufficient or 
regulations. Again, although 
railway companies to so 


inadequately enforced 
it should be the aim of all 
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regulate their safeguards that it shall not be in the 
power of their men to produce accidents by negli- 
gence, want of care, or mistakes, there are, and ever 
will be cases where this is not always obtainable. 









Into this question, then, negligence, want of care, 
and mistakes will always enter, and will always form 
an important factor. 

The other causes set forth are, however, more 
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tangible, more direct, and capable of being more 
fully weighed and brought home. 

In inadequate or unsuitable brake-power we have 
thesecond or chief factor, then, of the year’s disasters. 
The number of cases in which it is set down as 
directly producing or otherwise contributing to 
accident is 28 ; and, asshown in our last impression, 
this number is largely in excess of the average number 
for the past six years, and has, moreover, been a con- 
stantly increaeing factor. The report itself in deal- 
ing with this question states that, in 26 cases inquired 
into, had the trains been fitted with continuous 
brakes in the hands of the driver, the consequences 
might have been altogether avoided, or their effects 
mitigated ; and the following cases are quoted as 
instances in point. 

In a collision to a limited mail train on the Great 
Northern of Ireland Railway, in which the carriages 
had separated, had the train been fitted with an 
automatic continuous brake, the carriages would 
have been arrested ‘‘and no collision would have 
occurred.” 

In the report of an accident to a passenger train 
on the Midland Great Western Railway, which arose 
from the breaking of the tyre of a wheel of the tenth 
vehicle from the engine, ‘* had the train been fitted 
with continuous brakes, under the control of the 
driver, the train might have been stopped without 
risk, as soon as the vehicle was perceived to be off 
the rails, and the perilous run of three miles which 
ensued have been avoided.” 

In the report on a collision on the Lancasbire 
and Yorkshire Railway at Kirkgate Station, Wake- 
field, it was stated that the accident furnished a 
strong argument in favour of the general adoption 
of automatic brakes. 

In the report of a collision’on the London and 
North Western, at Springs Branch Junction, near 
Wigan, it was reported that had the driver possessed 
control over a continuous brake, applying to the 
engine and tender, as well as to ait the vehicles 
composing tke train, instead of to only four out of 
nine of those vehicles, the force of the collision 
might have been much reduced, 

in the repurt vf @ vvilisiun at the Citadel Station, 
Carlisle, in which 61 passengers were injured, it 
was stated that had the driver been provided with 
an efficient continuous brake, he would no doubt 
have been able to have stopped his train in time to 
have prevented the collision. 

In the report of a collision on the North London 
Railway, at Broad-street, it was stated that it was 
probable, if there had been continuous brakes 
throughout the whole of the train, instead of two 
sections of continuous brakes at its extremities, 
eg under the control of the driver, he would 

ave becn able to have prevented the collision from 
taking place. 

In the report of the serious collision at Sitting- 
bourne, on the London, Chatham, and Dover Rail. 
way, by which five passengers were killed, and about 
80 injured, it was stated that if the express train to 
which the collision occurred had been fitted with 
continuous brakes, the shock of the collision would 
have been greatly diminished. 

The accidents in’ which loss of life occurred to 
passengers from causes beyond their own control 
were five in number, and it is not too much to say 
that four out of the five of these accidents would 
have been either entirely avoided, or their results 
considerably mitigated, had the trains affected been 
fitted with an automatic brake. 

The 26 cases of accidents inquired into, and 
with regard to which it was reported that had 
the trains been fitted with continuous brakes in the 
hands of the driver, the consequences might have 
been entirely avoided, or in some degree mitigated, 
caused the death of five, and injuries to 307 pas- 
sengers, and 22 servants of the companies. e 
26 cases quoted are, it will be understood, only 
those in which loss of life or injury to passengers 
arose ; but it will be clear that there are numerous 
other cases in which, happily, the résults are not so 
serious, but with veal to waich considerable 
damage to the companies’ plant and rolling stock is 
ery and which it is but fair to infer might be 

uced in a corresponding manner by the employ- 
ment of an efficient 4 This, + tee Clans A. 
accidents from engines or vehicles meeting with ob- 
structions, or leaving the rails in consequence of 
defects in connexion with the permanent way or 
works, there were 76 cases of passenger trains, or 
= of such trains, vrowpe | the rails, Under 
lass B, we have 540 cases of axle failure, 1034 of 
tyre failure, 20 of wheel failure, and 16 of coupling 





failure. Under Class C, accidents from trains en- 
tering stations at too great , we have 20 cases 
in all, and in referring to them the employment of 
more effective and continuous brakes is urged. 
Under Class E, collisions at junctions, out of the 
nine cases quoted, four are instanced as being either 
entirely avoidable, or in their effects capable of 
being greatly mitigated had the trains been fitted 
with continuous brakes, and so on throughout the 
report. In nearly every class instances may be 
produced in which this result would have been ob- 
tainable. 

Of the advantages of an efficient ¢utomatic and 
continuous brake there can be no question. It has 
become a necessity of the day, and as railway com- 
panies come more into competition, and accelerate 
the speed of their trains, as traffic becomes more 
dense and more mixed, so much more will the neces- 
sity assert itself—essential in the first instance as a 
means of saving life, and in the next as an ccono- 
miser in the destruction of plant, and consequently, 
in both cases, of costs for damages. 

The automatic brake is destined to become one of 
the chief factors in this respect, and as such we 
feel assured railway companies cannot long ignore 
its advantages. 

The next chief cause is that of defective arrange- 
ments of signals, points, &c., and with regard to 
which the report hens testimony of the evident 
desire of the railway companies, or the greater 
portion of them, to meet the requirements of the 
growing traffic, and to comply with the suggestions 
of the Board of Trade officers. Accidents under 
this head show a commendable decrease, and this is 
fairly attributable to the improved arrangements 
adopted by our foremost companies, That a further 
and more rapid extension of those safeguards, the 
proper interlocking of signals and points, the elimi- 
nation of unnecessary facing points, the provision of 
proper facing point locks and locking bars is desir- 
able, is sufficiently forcibly instanced by the Sitting- 
bourne and Pontypridd accidents, as also those at 
Drumburgh, on the North British Railway, and at 
Beccles, on the Great Eastern Railway. To these 
four accidents alone is due the death of 18 persons, 
and the injury of 257. 

Credit has been accorded to those railways who 
have made laudable efforts to provide the requisite 
means for avoiding this loss of and injury to life ; 
but it is clear from the returns laid before Parlia- 
ment that all the companies are not influenced by 
the same praiseworthy desire. The total number of 
signal and point levers interlocked amount to 7] per 
cent., but many companies come very much below 
this figure. In England those which rank the 
lowest in this respect are the Great Eastern and the 
South-Eastern. In Scotland, the Great North of 
Scotland has but 12 per cent., the Highland 25 per 
cent., and the North British 36 per cent. In 
Ireland, the Waterford and Limerick has only 
14 per cent., the Great Northern of Ireland 16 per 
cent., end the Great Southern and Western 18 per 
cent. It will thus be seen that whilst some com- 
panies are straining every nerve to comply with that 
which nearest approaches safety, others are barely 
moving in the matter. So much is this the case 
with Irish railways that we read: ‘In Ireland 
it is most desirable that the companies should 
no longer postpone the adoption of these safe- 
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We now approach the question of block signalling, 
which is set Son as the fourth factor in the list of 
causes producing accidents. The introduction of 
the block, although of comparatively recent date, 
has been energetically carried out by many of the 
chief companies. The length of double lines of wa 
at the end of 1878 worked under the absolute block 
system was 77 per cent., being an increase during 
the year of 3 per cent. Of English railways the 
Manchester, effield, and Lincolnshire ranks 
lowest ; the length of double line so protected 
being but 45 per cent. In Scotland the North 
British has but 3] per cent., and the Glasgow and 
South Western 33 per cent. In Ireland, of the 
522 miles of double line, 14 per cent. only is so 
worked. 

The sdvantages of the block system have been 
for some time so thoroughly recognised by every 
enlightened company that its advocacy is needless. 
It is only to be regretted that its adoption has not 
been rendered compulsory with old as it is with 
new lines. It is doubtful if its application will 
ever be secured without State intervention. As 
matters now stand, we have daily to submit to 
the absurdity of witnessing the opening up of the 





most minor branch lines, equipped with all the 
modern appliances of the day in block and other 
signalling arrangements, whilst the heavily worked 
main lines are left, in all their primitive simplicity, 
to the chance of circumstances, and the discretion of 
probably a well-tried, but often sorely-perplexed 
servant. 

Were it _ to eliminate from the list of 
causes which heads this article, the three of which 
we have treated, it is needless to observe how very 
different would be the result of each year’s railway 
working in ee of life and limb and destruction 
of property. In their existence exists the chief 
sources of accident and mishap, and until this has 
been more thoroughly eff the list of casualties 
now witnessed year by year will, there is reason to 
fear, repeat itself. In the employment of a ready 
and efficient brake—automatic in its action, available 
by driver and guard alike, and acting throughout the 
train—lies the most necessitous of these. In the re- 
port upon which these observations are mainly based 
in speaking of continuous breaks we find, “the 
accidents to which these remarks apply, caused 
the death of five, and injuries to 307 passengers, 
and 22 servants of the companies,” This is the 
estimated loss of life due to the non.application of 
an efticient brake, whilst the disasters resulting 
from want of absolute block working and interlock- 
ing in six collisions, are credited with the death of 
20, and injury to 311 passengers. We can only 
conclude our remarks by expressing a hope that the 
figures which have been produced, and the observa- 
tions which accompany them, may exercise that 
influence over those on whom the responsibility 
exists, to induce them to urge forward the adoption 
of measures calculated to reduce that which must 
appear to all who care to look into its cause, so 
large and lamentable a destruction of life and pro- 


perty. 








MACHINE FOR SHAPING AND SHARPEN- 
ING KENNEDY’S SPIRAL PUNCHES. 


In the course of our account of the Royal Agricultural 
Society’s Show at Kilburn in July last, we had occasion 
to mention a machine for shaping and sharpening Ken- 
nedy’s spiral punches, which was exhibited on that occa- 
sion by Messrs. Thomson, Sterne, and Co., Limited, of 
Glasgow. Of this machine we now give engravings on 
the preceding page. From our illustrations it will be seen 
that the machine consists of an iron stand having cast 
upon it two headstocks ab, while in front of these is a 
planed bed carrying a slide which can be shifted the whole 
length of the machine. In the lower part of the frame 
is the counter gear for driving an emery wheel carried on 
the headstock a on the left side of the machine. The 
headstock 6 at the right side of the machine carries a 
milling cutter c (see Fig.6), which works ata slow speed, 
and can be driven direct from the main shaft. 

The cutter and emery wheel just mentioned have only 
a rotating motion, and the spiral form is given to the 
end of the punch by the movement of the holder, shown 
on the slide d, in front of the machine. This holder con- 
sists of a socketed spindle carried on a compound slide 
rest, and rotated by the worm g and handle shown. A 
small clamp worked by a thumbscrew engages the 
worm-wheel with an internal screw, which causes the 
holder to advance as it rotates, and the pitch of this 
screw regulates the angle of the spiral formed on the end 
of the punch. 

To form the punch the blank 4 is placed in the holder, 
which is adjusted by the slides until its flat end is close 
to the milling cutter, the position being shown by Fig. 6. 
The milling cutter is then put in motion, and the worm- 
wheel of the holder is clamped to the internal screw, and 
rotated by its handle. This is continued till the spiral 
is cut round about three-fourths of the circumference, 
when the rotation of the holder is stopped, and the re- 
mainder of the spiral is formed by using the vertical 
slide. The sharpening process is identical with this, 
but is done on the emery wheel at the other end of the 
machine. In sharpening care must be taken to set the 
punch to the same side of the emery wheel as of the 
milling cutter. An attachment for sharpening the mill- 
ing cutters is supplied with the machine, and is arranged 
to be fixed on the front slide. This attachment is shown 
by Figs. 3, 4, and 5, and it has all the necessary move- 
ments for sharpening the milling cutters used for making 
the punches. The sharpening is done by » small emery 
wheel k secured on the end of the spindle of the sharpen- 
ing headstock. : 

Themachine, which has been designed by Mr. Handyside, 
the managing director of Messrs. Thomson, Sterne, 0 
Co.’s works, performs its work well and rapidly, am 
there can be no doubt that it will greatly promote the 
use of the spiral punches, which are somewhat subvert 
to make and cosy without special *p eS. at a 
advantages attendant upon the use of the Kennedy sp 
punch itself we have spoken on former occasions. 
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Instructions for Testing Lines, Batteries, and Instru- 
ments; and Guide to the Technical Arrangement of 
Telegraph Offices in India. Prepared by order of the 
Director-General for the use of the Telegraph Depart- 
ment of the Government of India, by Louis Scxrwawp- 
LER, Electrician. Second Edition, revised and amplified 
under the orders of the Director-General of Telegraphs 
in India, by R. 8S. Broveu, Officiating Electrician. 
Vols. I. and II. Printed at the Government Press 
Works, Alipore, Calcutta, 

In our issue for January 17 last we briefly reviewed 
the second edition of the first volume of Mr,Schwend- 
ler’s testing instructions for the electricians of the 
Indian Government Telegraphs ; but the treatise in 
question has since been revised by the late Mr. R.S. 
Brough, with the omission of Parts I. and II. of the 
first edition, and now appears in its amended form, 
supplemented by the second volume. The work is 
thus rendered complete, and although it will not be 
necessary to review again its first volume which 
dealt particularly with the testing of the lines them- 
selves, we must not omit to mention the additional 
Table of correction coefficients calculated by In- 
specting Telegraph Master Sree Bollychand Pryne, 
whereby the true absolute insulation of a line, and 
its true absolute wire resistance, are obtained from 
the apparent values of the wire and insulation re- 
sistances as given by the tests. The apparent wire 
resistance, as Mr. Schwendler calls it (‘‘observed” we 
think is a better term, and one having the convenience 
of general use), has only to be multiplied by the cor. 
rection coefficient found in the Table in order to 
give the true absolute resistance ; and in the same 
way the apparent insulation resistance requires only 
to be divided by the proper Table number in order 
to furnish the corresponding true value. Tables of 
this kind facilitate the working out of electric tests 
enormously, and their assistance should be invoked 
by electricians as muchas possible, consistently with 
accuracy of results. 

Volume L. dealt, as we have said, with line-testing, 
and Volume II. is chiefly dedicated to the testing of 
the apparatus employed in working, including send- 
ing and receiving instruments, office connexions, 
the measurement of the electromotive force and re- 
sistance of batteries, as well as the resistance of 
‘‘earths.” This is therefore the more interesting 
and valuable volume of the two for the electrician in 
general, 

The more delicate testing instruments described 
in the first volume are only employed for apparatus 
testing at the regular testing stations in India, 
Every one of the ordinary stations is, however, 
provided with some means of measuring electrical 
resistance at least, and for this purpose two instru- 
ments are in vogue, namely, the tangent galvano- 
meter for the principal offices, and the calibrated 
galvanoscope for the minor and railway offices. 
This latter instrument is peculiar to the country, 
and its principle is based on the well-established 
constancy of the electromotive force of the Minotto 
element, and on the small variation of the horizontal 
component of the earth’s magnetic force over the 
greater part of India, 

Part IL. treats of both of these instruments in 
detail: Section V. describing the tangent galvano- 
meter and the various tests which can be made with 
it, such as the measurement of currents, resistance, 
and the comparison of electromotive forces. The 
great fault of this part of the work is the lack of 
effective diagrams, and clear, concise description. 
The tangent galvanometer, for example, might 
have been lucidly explained in a couple of es 
by the help of a proper illustration to fix the ideas, 
whereas the student is left to grope his way pur- 
blindly over several leaves and an appendix. In 
fact the whole book suffers from its faulty method. 
There are too many cross-references, foot-notes, and 
extra sheets, which waste the time of the reader and 
confuse his brains. 

Section VI. of Part III. is occupied with the 
calibrated galvanoscope, which, as it is somewhat 
unfamiliar to English electricians, is worthy of 
description here. Following Mr. Schwendler, it 
consists of a few convolutions of thick silk-covered 
copper wire, generally presenting a resistance of 
less than one ohm, which are wound in two grooves 
cut on the outside of a small wooden box, and 
terminated in two brass binding screws. Within 
the box a steel magnet, about 3 in. long, carries a 
brass ring graduated in divisions of 5 deg. each, 
and is suspended by means of an agate cup resting 
on @ steel pivot. On one side of the box projects a 
brass lever, which when pressed down raises the 





magnet off the pivot. In the top of the box is a 
small glazed aperture, h which the graduated 
ring is observed and the deflections are read. A 
diamond scratch on the glass serves as a collimatin 
line. Parallel to and exactly under the diamon 
scratch a fine black line is drawn on the inside of 
the bottom of the box, which is painted white. In 
reading the scale the eye hoa be adjusted (in 
order to avoid parallax) so that these two lines 
appear in the same vertical plane, which will occur 
when the scratch on the glass is seen to exactly 
hide the black line underneath. A ‘ damper” such 
as is employed with prismatic compasses can be 
applied to the instrument, Before being used, each 
galvanometer is calibrated by observing the resist- 
ances (including those of the cell and the galvano- 
meter itself) through which a single Minotto element 
produces deflections of certain magnitudes. These 
resistances of the galvanometer are also measured, 
and the number of oscillations executed by the 
needle counted. A memorandum containing all 
these results is issued with each instrument; and 
the fact that the horizontal intensity of the earth’s 
magnetic force does not vary more than 10 per cent. 
over all India renders the results sufficiently exact 
for reference wherever the instrument my | be used, 
Earth, apparatus, and battery tests by this handy 
little appliance are fully explained in this section, 
with the help of diagrams, and there is a valuable 
appendix for facilitating the calculation of battery 
resistances. 

Part IV. is taken up with the technical arrange- 
ment of offices, the testing of earth plates, batteries, 
apparatus, and connexions, It is in reality an ex- 
tension and consolidation of the technical circulars 
issued by the department, supplemented by descrip- 
tions of the apparatus and methods in actual use, 
and is the most interesting portion of the book to 
the electrician in general, who cannot fail to extract 
many valuable hints from it on the management of 
batteries and the fitting up of offices. And here, in 
passing, we may note as an instance of the remark- 
able waste of electric energy caused by wet weather 
in telegraphing, that the number of line cells used 
throughout India, British Burmah, and Ceylon 
during the year 1872-73 was 7897 in the dry season 
and 10,375 in the wet. 

Section IX. of this part is devoted to the sending 
and receiving instruments in use in India. These 
are exclusively electro-magnetic, and Siemens’ po- 
larised relays, owing to the long distances tra- 
versed by the signal currents, are largely employed. 
There is, therefore, a lengthened account of this 
relay, and the mode of adjusting it. It is well 
known that this excellent receiving apparatus is 
defective in not having sufficient force of restitution 
to throw the tongue back on the rest stop after 
each signal has been made, and that to obviate this 
fault Mr. Cromwell F., Varley introduced the system 
of “‘ double current working,” in which each signal 
is followed by a reverse current which throws the 
tongue back again from its closing contact. This 
plan is still used extensively in England; but in 
India, where the lines are of great length, and 
translators are necessary, it is not suitable, and the 
method of single current working is adopted in con- 
junction with a cosective adjustment devised by Mr. 
W. P. Johnston, one of the electricians of the de- 
partment. This is simply an’ electro-magnet con- 
nected across the circuit of the relay as a shunt, and 
its effect is to send a momentary extra current 
through the relay in the reverse direction to the 
signal current and directly after each signal current 
has been made, so as to push the relay tongue back 
from the poles to which it had been attracted, and 
thus open the local circuit. An ‘ electrostatic 
shunt,” consisting of a condenser, has been success- 
fully applied in the same way, and for the same 
purpose, by Mr. Schwendler himself. We should 
add here that these defects of the Siemens relay 
have also been overcome by the elegant relay of 
M. D’Arlincourt, the well-known inventor of the 
autographic telegraph. 

The various sounders, Siemens’, Douglass’s, Du- 
bern’s, used by the department, are described; then 
Siemens’ inkwriter, Wheatstone’s single needle in- 
strument, still largely employed on railway bey ot h 
lines in\India, as various keys, dischargers, bells, 
and commutators. ; 

Section X. deals with circuit connexions for dif- 
ferent methods of working, including the recent 
systems of duplex and quadruplex telegraphy ; and 
several miscellaneous appendices complete the work, 
which, while it is obscure and fragmentary in style, 
as well as loose and awkward in arrangement, is 


nevertheless rich in first-class information for those 
whose zeal and duties stimulate them to seek it ear- 
nestly. It seemed to us, however, when reviewing 
the first volume, that there was a decided super- 
abundance of instructions in the work, and we are 
still more of that opinion now. 
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TREATMENT OF MERCURY IN NORTH 
CALIFORNIA. 
By T. E@veston, Ph. D. 

THE ores of movousy which ave found in California 
are metallic mercury and cinnabar. They occur in 
recta and both of them are mined and 
treated as ores. Minerals of mercury occur occa- 
sionally, such as the selenides, but they are rarely 
found, and have no metallurgical interest. Cinnabar 
is geaerally found near the junction of serpentine 
and sandstone; sometimes in the serpentine, as at 
the Redington; sometimes in the sandstone or 
nearer it than the serpentine, as at the Manhattan ; 
and sometimes exclusively in the sandstone, as at 
St. John’s Mine, near Vallejo, on the Oat Hills, 
Napa County, the Oceanic in St. Louis, Obispo 
County, and the Altoona in Trinity County, which 
is the most northern mine of the state. 

Sometimes ore is found in clay, as at the Sunder- 
land Mine, and upon Mount Shasta, where it occurs 
in seams of clay. These mines are situated so high 
on the mountain that they cannot work more than 
four or five months in the year, as ‘the snow is very 
deep. At the Geyser, New Almaden, Gaudalupe, 
and the outcrop of the Oakland mines, the serpen- 
tine is very much decomposed on the outside, ‘The 
decomposition goes so far into the rock that it is 
only in the large pieces that its real nature can be seen. 
This decomposition is going on still in all the mines 
in the serpentine, the waters from whicli, and from 
the surrounding country, contain large quantities of 
sulphate of magnesia. 

The sandstone is sometimes very fine and soft, and 
forms what is called the mud rock at the Manhattan, 
American, and New Idria mines. At the Oceanic 
Mine the sandstone is so crumbly that it falls easily 
to powder on being worked, so that nearly all the 
ore has to be made up into adobes, to which mud 
has to be added to hold it together. Where the 
sandstone is not decomposed, it very often contains 
considerable quantities of petroleum, which renders 
the extraction of the ore more difficult by increasing 
the amount of soot. 

These ores, es y those in the sandstones, are 
very often found associated with chalcedony, as at 
the Manhattan, Missouri, and Kentuck mines, 
where in portions of the mine the rock is chalcedony, 
more or less impregnated with mercury. But these 
masses are very irregular in the mine, The rock is 
sometimes rich enough to yield 3 to 10~per cent., 
and sometimes more, of mercury. A microscopic 
examination of this chalcedony containing cinnabar, 





shows that the cinnabar is crystallised, the crystals 
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ceptible. 

e deposit containing the ores of North Cali- 
fornia make« its appearance at Vallejo, where it has 
been opened in several places, The greatest develop- 
ment, however, is further north. The largest 
number of mines are situated in Sonoma and Napa 
counties. As the serpentine rock is very susceptible 
of decomposition, it has often been thoroughly 
decomposed on its outcrop to a very considerable 
depth. Where the serpentine has formed cliffs it has 
been washed into the valleys, so that there is a large 
deposit of material from the decomposed rocks. In 
such cases it will be found that what appears to be 
nothing more than ordinary dirt will contain fre- 
quently from 2 to 3 per cent. of metallic mercury, 
with only a trace of cinnabar ; in which case, as at 
the Sonoma Mine, it is made up into adobes and 
distilled. Not unfrequently the outcrop of the rock 
where it is not decomposed -is filled with metallic 
mercury, so that by striking a pick into the rock, a 
pound or more of mercury will sometimes spurt out 
at a time. This is particularly the case at the 
Rattlesnake Mine, which is in serpentine, and also 
at the Wall-street Mine, where the rock is silicious ; 
but where it is sometimes so thoroughly impregnated 
with mercury that from a hand specimen several 
ounces can be detached by slight jars. Such rock as 
this is found in several localities in every stage of 
impregnation, from mere microscopic globules up to 
those yielding large quantities of it which makes 
very rich ore; there is, however, not very much of 





it in any one place. It consequently cannot be 
depended upon, as it is only found in the first 
workings. ‘The ore in depth is always cinnabar. 


At the Sulphur Bank Mine in Lake County, the 
ore is found in an extinct geyser which still pro- 
duces boiling water, associated with very large 

uantities of gypsum and sulphur, directly on the 

ore of the lake. Sometimes there is more sulphur 
than cinnabar, which is a detriment to both sul- 
phur and cinnabar, — the sulphur impure, and 
rendering the cinnabar difficult to work on ac- 
count of the soot. Insome of the early constructed 
furnaces, the accumulation of soot from the excess 
of sulphur has been known to penetrate as far as the 
blower, and completely prevent its revolution. In 
order to get rid of the inconvenience of this accumu- 
lation of soot, as well as to get a commercial value 
from the sulphur, it is now separated by steam and 
sold. It is claimed that the sulphur alone pays all 
the expenses of working the mine. It was first 
worked as a sulphur mine, and the cinnabar which 
it contained was considered to be an inconvenience, 
and was carefully picked out and thrown away, as 
its richness and value were not known. This ore is 
now treated and forms one of the largest mercury 
mines in the state. The deposit is very large and 
very rich, but the mine will always be difficult to 
work, as the ore occurs in the vicinity of boiling 
mineral springs, which discharge at the same time 
very large quantities of carbonic acid gas. The ore 
is mined in an open cut, and in several places they 
have reached the lake level. Besides the rich ore 
there is a very large quantity of poorer ore yielding 
lor 2 per cent. which the sulphur makes almost im- 
possibile to work. As the sulphur is in such large 
quantities, it is very necessary that the work should 
be done without fire, the use of which is strictly 
forbidden to the workmen, 
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The ore is divided into two separate cate- 
gories, that containing a large and that contain- 
log a small quantity of sulphur. That con- 
taining a large amount is first treated for sulphur 
in asteam furnace, Fig. 1. The upper part B, 
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which is round, is made of thick boiler plate 
bolted on to a cast-iron bottom C. The charging 
door A is hinged, and screwed down with a handle. 
The lower part is provided with a heavy cast-iron 
grate D, on which the ore rests. The ore is charged 
upon the grate and the furnace closed, Steam at 
the temperature of 230 deg., and at a pressure of 
about 50 Ib., is introduced through the pipe G ; the 
sulphur is melted, liquates, and runs through the 
grate into the lower part, from which it is discharged 
by means of the stop-cock F, which is surrounded by 
a steam jacket to keep it hot. When no more 
sulphur flows the discharge door E is opened, and 
the residue is treated for mercury. 

The attempt to concentrate the poorer ore has 
been made with more or less success, with the Frue 
Vanning machine. The results of these concextra- 
tions is treated in retorts, of which there are fifteen 
or twenty. The fine ore is treated in a furnace 
somewhat similar to the old Idria furnace, but as it 
is used for fine ore it is made to fall over triangular 
shelves made of tile, and arranged somewhat similar 
to the Gerstenhoffer furnace. The condensers are 
arranged as in the old Idria furnace, although it is 
continuous. The furnace treats 12 to 13 tons in 
24 hours. 

Generally the ore, as it comes from the mines, is 
more or less hand-picked. The attempts which 
have been made to treat the ores mechanically have 
usually not been successful; the most successful, 
however, has been the Frue Vanner. As a general 
thing the apparatus used for this purpose has not 
been well managed, as there is a large amount of 
cinnabar still in the tailings. In some of these 
mines all that is saved is a matter of clear gain, but 
for the fact of the concentration the whole would be 
lost, whereas now only a very considerable per- 
centage is. It isdoubtful whether the concentration by 
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any of the methods now in use, except perhaps with 
the Frue machine, will be worth making. Usually 
no attempt is made to concentrate the ore. It is 
taken as it comes from the mines, and if it contains 
binding material it is made up into adobes ; if it does 
not contain any, some must be mixed with it. The 
adobes have no regular size or weight, and are 
treated in the furnace as large ore. 

The metallurgy of mercury in California is essen- 
tially different from that employed in all other 
countries in this respect, that all the furnaces use 
fans placed beyond the condensing apparatus, to 
furnish their draught, which not only give an abso- 
lute control of the draught, avoid the necessity of 
employing chimneys, but prevent the action of the 
fumes.on the surrounding life and vegetation. The 
consequence of this arrangement is, that the draught 
is always towards the interior of the furnace or con- 


densing apparatus, so that if a crack appears, or a 
door is left open, no fumes will escape ; cases of 
salivation are consequently very rare. e draught 


ean always be regulated to suit the working of the 
furnace, or the irregularities of the weather, by 
changing the velocity of the fan. In all of these 
methods the furnace itself is of very much less con- 
sequence than the condensing apparatus, though it 
should always aim to extract the metal from the 
ore at the lowest possible temperature, and to be 
able to work the ore required after the least possible 
mechanical preparation. It is consequently on the 
condensing apparatus, rather than on the furnace 
itself, that the greatest number of experiments have 
been made. Of these furnaces, the one which has 
the best condensing apparatus will be the best. 

The processes by which the ore is treated are, 
first, the process of precipitation ; second, that of 
roasting. The precipitation is done in retorts with 
tlime, and consists of admitting oxygen enough, by 
means of an excess of air, to produce sulphate of 
lime and free mercury. The roasting is either done 
in continuous or non-continuous furnaces which are 
either retorts, or various kinds of shaft furnaces. 
The reaction, as the ore always contains more or 
less moisture, consists in volatilising the sulphur, 
and oxidising it so as to produce sulphuric acid, 
which is taken up with the moisture, and runs to 
waste, while the mercury becomes free, and is 
caught in condensers. The furnaces, which are 
not continuous, are a modification of the old Idria 
furnace which was used at the Redington mines, 
and is still used at the New Almaden mines in 
Southern California. Those which are continuous 
are the Lockhart, which is used at the Sonoma, 
Rattlesnake, Manhattan, and California mines, and 
elsewhere. Livermore's furnace, adapted only for 
treating fine ores, has been euccessfully used at the 
Redington Mine, and at other places. ‘ 

At the Abbot Mine, in Colusa County, an ordi- 
nary reverberating furnace, with a slightly inclined 
hearth, is used. The ore has to be worked in the 
furnace. The work seems to be well done, but the 
method is expensive. Babe 

There are a large number of varieties of shaft 
furnaces which are continuous, some of which work 
with water jackets, which appear and disappear, 
according as the price of mercury rises or falls, and 
are usually imitations of others which have been 
more or less successful, for there is a desire 1n 
California, as elsewhere, to improvise principles as 
well as methods, while the persons attempting to 


improvise are generally without instruction, and 
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without experience in metallurgy. It is not un- 
usual that when new mines are discovered they are 
made to work for a little while on selected ore. 
Then new furnaces are erected upon principles 
more or less poor, but “‘the future of a great en- 
terprise” is predicated on the results obtained, 
which are made to show a large profit, but usually 
result in a very large proportion of the new methods 
disappearing, and in the closing of the new mines 
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on account of “hard times,” to the great financial 
embarrassment of those who have invested in them. 
To these processes should be added the process 
of distillation if the mercury of the outcrops was 
found in sufficiently large quantities to warrant the 
ore being treated by this method alone. This, how- 
ever, is never the case, Such ore is charged into 
the furnace either as regular ore or as adobes, 
The only effort made to sort the ore is a rough 
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attempt at hand-picking. It is generally assorted 
into approximate sizes, over rudely-constructed 
gratings, the object of which is to separate the fine 
ore as much as possible, since most of the furnaces 
would be clogged if fine ore in any proportion were 
allowed to enterthem. No assays are made, The 
superintendent of the works or the mines judges by 
‘“‘experience” that the ore contains 1, 2, 3, 10, or 
20 per cent., as the case may be. There is conse- 
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quently very little dependence to be placed upon | spare 


any of the statements of the advocates of the diffe- 
rent kinds of furnaces that their furnaces actually 
ield a higher feng 4 than those of their neigh- 
urs, or, in , that they yield any given per- 
centage at all. The only statement that can be 
relied upon is, that — produce in 24 hoursa given 
number of pounds of mercury. The mercury is 
delivered to the market in iron flasks, which con- 
tain 764lb. each. It is accurately weighed in a 
balance constructed for the purpose, and poured 
into the flasks. They are closed with an iron screw 
for a cork, which is screwed tight with a long lever, 
and then shipped to the consumer, When the flask 
contains more or less than this, it is called an 
irregular flask. These are beco less and less 
common, and are likely to go out of date altogether. 
In the year 1876 the State of California produced 
75,000 flasks, of which 60 per cent. were a 
to China. Only 26,000 were used in Califo and 

Nevada, 

(To be continued.) 


RESCUE OF THE 8.8. “COLOMBIA.” 

WE have been favoured by Mr. James R, Thom- 
son, the late superintendent engineer to the Pacific 
Steam Navigation Corpany at Callao, with the fol- 
lowing interesting account of the rescue, by caisson- 
ing the bottom, of the s.s, Colombia, while we also 
give on pages 240 and 241 engravings illustrating 
the operations, these having prepared from 
en ga and sketches supplied to us by Me. 

homson. As will be seen from the following 
account, the rescue was successfully carried out in a 
manner which reflects great credit on Mr. Thomson 
and all engaged on the work. 

The Pacific Steam Navigation Company’s Royal Mail 
steamer Colombia, 1823 tons ss register, when on a 
voyage from Panama to Callao in charge of a pilot, struck 
on a reef of rocks in the Port of Ballenita on the 28th 
of July, 1878. There being no telegraphic communication, 
the first information of the then missing steamer reached 
Callao on the 9th of August by the next mail steamer 
from Panama, the Oroya, which brought on also the 
Colombia’s mails and passengers. 

Tho Ovivarbis at the time she struck was soma § ft. 
by the stem and took the rocks in the after part of 
hull and stuck in a cleft. Almost all the cargo iu the 
after hold was at once removed and placed well for- 
ward, but all efforts to get her off were futile, until 
she received the assistance of the Lontue two days 
after she struck. When afloat her after hold was full 
of water and she trimmed with her stem almost out 
of the water and her stern under, with water on the main 
deck as far forward as the after hatches. 

The information of the damage brought by the Oroya 
was to the effect that her bottom had been examined by 
native divers when the ship was afloat, who reported a 
hole in her port side abreast of the after gangway ladder 
18 ft. 4 in. long and 2 ft. wide at the widest part. 

On August 10 a ty consisting of Oaptain King, 
myself, an able s of mechanics, and two divers, 
started from Callao in the ss, Santiago for Ballenita, 
with a good stock of useful materials cunsisting of 
lumber, bolts, iron, cement, oakum, &c., and a Gwynne’s 
No. 7 centrifugal pump; also a small tug steamer was in 
attendance. We reached Ballenita on August 13 at 
4.20 p.m., and found the Colombia as represented by the 
Oroya, with the exception that around the stern, between 
the main rail and the spar deck, had been planked, and 
thus the main deck was comparatively dry. 

The after hold, as previously stated, was full of water, 
which was emitting an effiuvia similar to sulphuretted 
hydrogen gas, so very strong and offensive that all brass 
work was tarnished, and white paint blackened. Simul- 
taneous to starting the divers to examine the damage 
early in the morning after our arrival, the centrifugal 
pump was put in place, connected to the winch steam 
pipes, and started to pump the putrid water out of the 
hold, and kept it running night and day until the smell 
became less offensive. The divers, after examining the 
bottom, reported that there was no hole where stated by 
the natives, but that the rudder had been carried away, 
rudder-post broken off at the 17 ft, Gin, draught mark, 
propeller with two out of the four blades broken off, 
stern-post broken off close under stern tube, and from 
there the plates and keel had been ed away in a 
diagonal direction for about 50 ft., the elgés of the plates 
being ragged, and bent in some places, and the keel from 
that forward for about 10 ft. showing signs of damage. 

From this it will be seen that the actual state of 
matters was very different from what had been expected, 
so much so that special and novel arrangements had to 
be devised to overcome the difficulty, an account of which 
will be of interest to engineers. 

In order to put the vessel into such a state that she could 
be safely towed to Callao, a distance of 700 miles, a 
wooden box was constracted of irregular form to cover 
the damaged part; fortunately sufficient material had 
been brought for the job, but there was very little to 








. First, a stage was constructed and sunk in position 
for the divers to work off, but on account of the strong 
current alternating with the tides we were obliged to 
shiftour moorings to a more sheltered part of the bay, 
but were still subject to considerable movement as the 
port isa surf one. Next a line was stretched from the 
forward part of the damage to the centre of the boss at 
the after end of the stem tube, from which ordinates were 
taken, thus enabling a base line to be struck for the to 
of the box or caisson ; to get exact dimensions for whic 
two well-stretched lines were sent down marked with 
different coloured pieces of bunting at every 5 ft. of their 
lengths; these were stretched and secured one on each 
side to represent the upper edge of the box. At each of 
the marks on these lines templates were carefully fitted, 
showing the section of the hull below the line, also a 
longitudinal template was made of the upper edge. 
From these templates a box was constructed, as shown 
in the sketch, the upper edge of which was made } in. 
easy on each side, to make up for which deficiency 
and to secure a tight fit the upper edges where it took 
the plates were padded with canvas, and packed with 
oakum, over which was a second layer of canvas for 
the divers to pack any defective parts when in place. 
The box was built on the spar deck abreast of the engine- 
room ekylight, and launched sideways overboard. There 
being considerable motion on the water, it was hung 
from two booms to keep it off the ship’s side till it was 
ready for sinking. The stage having been brought up 
and adapted to fit the box, it was secured to it in a con- 
venient position for the divers; the chains for securing 
it in place were all properly fastened to it, the lengths of 
each being marked with painted links, and with the ex- 
ception of three of the lightest on each side they were 
coiled in place ready to be loosed out. The additional 
weight required to sink the box was made up with sacks 
of sand secured to the outside in such a manner as to be 
clear of the chains, and easily cut away. It was then 
sunk and drawn up into place with ten chains on each 
side with a heavy strain on each, 

The pump was then started, and all defective parts 
on the upper edge of the box were caulked with oakum 
under the second layer of canvas, which was now nailed 
down. In three hours and a half the water was pumped 
out to the lower platform, about 4 ft. above the ship’s 
floors, the ship altering her trim and lightening her 
draught aft by about 10 ft.; in pumping the remaining 
water considerable difficulty was experienced in keep- 
ing the rose of the pump clear on account of the débris 
of broken cargo, hay, potatoes, &c. When pum as 
dry as possible, the box was secured to the hull with 
bolts wherever it was possible to get them through the 

lates. , 
r As a precaution should any accident happen to the 
box during the long tow of 700 miles to Callao, which is 
the longest on record under similar circumstances, the 
lower platform was caulked and shored down, and a 
strong bulkhead erected at its end, but fortunately this 
was not required. 

On Sunday, the Ist of September, everything was 
completed, chains secured for good, and all made snug, 
and we left Ballenita in tow of the Santiago bound for 
Callao, which port we reached without the slightest 
casualty on Saturday the 7th of September at 1 p.m. ; 
during the voyage the box did not make any more 
water than could be pumped out with the engine-room 
donkey pump working a few hours daily, a suction pipe 
from which had been led into the box. 

The Colombia after discharging her cargo in the 
Muelle D’Arsena was moored in the open bay of Callao, 
which is much subject to surfs, and she did not enter the 
dock till March 28, seven months after her return, by 
which time material for her repair had been brought 
from England. 

As it was very desirable in the interest of the company 
to save the expense of docking for repairs, till the arrival 
of the permanent materials from England, the box was 
sheathed with zinc on the bottom, but as there was not 
sufficient to complete it the sides were done with inch 
Oregon pine, and then the whole was covered with Port- 
land cement wash inside and out to prevent it from being 
pierced by worms. 

The mechanics worked with a will, and if not at their 
own particular branch of trade, at whatever they could 
make themselves useful. The divers also worked hard 
and spared no pains to make a good job. 

A peculiar incident happened in steering the Colombia 
on her way to Callao. The propeller,a left-handed one, 
had but two out of the four blades remaining, and they 
being at right angles to one another were set, prior to 
our leaving Ballenita, one on each side of the stern-post, 
pointing upwards; when under way the ship carried a 
strong port helm, that is she ran her head across to- 
wards the starboard quai ser of the Santiago; by turning 
the propeller so that one blade was almost plumb and 
the other square out on the port side the ship steered in 
the wake of the Santiago, and by moving the tip of the 
blades an inch in either direction decided and sensitive 
helm was felt. 


Rartway AccIDENTS IN France.—A committee of in- 

iry has been inted by the French Minister of Public 
Works to comaider the best means of preventing accidents 
on French railways. 








GAS APPARATUS EXHIBITION AT 
GREENOCK. 

Dourine ten days ending Thursday of last week there 
was held, under the auspices of the Watt Institution, 
Greenock, a most interesting and successful exhibition 
of gas Bg the first exhibition of the sort yet 
held n of the Tweed. The committee of manage- 
ment wisely included some of the leading office-bearers 
of the Watt Institution and a number of the municipal 
authorities of the town; and in this way a large 
amount of popular interest was excited in connexion with 
the Exhibition, while the arrangement had the effect 
of securing an unlimited supply of gas gratis from 
the Gas Committee of the Police Board—the gas supply 
undertaking of Greenock being in the hands of the 
Corporation. 

On the occasion of the formal opening of the exhibition 
on Tuesday week by Provost Lyle there were delivered 
several addresses suitable to the occasion by the chair- 
man, Mr. James Stewart, M.P. for Greenock; Dr. 
Marshall, chairman of the Watt Museum Committee, &. 
One point, which was strongly insisted on by the speakers, 
was the great value of gas as the heating agent in cook- 
ing operations, including under that head its marked 
economy, the cleanliness attending its use, the readiness 
with which it can be Galled into requisition, and the 
facility with which the consumption may be cut off when 
it is no longer wanted for cooking operations, as in the 
warm weather of the summer months. 

Mr. Samuel Stewart, manager and engineer, Corpora- 
tion Gas Works, was the acting secretary, and in that 
capacity he had the credit of bringing together a most 
varied, extensive, and valuable collection of objects 
illustrative of the most recent improvements in apparatus 
for utilising coal gas in heating operations, in cooking 
food, in generating power for driving light machinery, in 
taking the fullest advantage of that substance as an 
illuminating agent, as also in photometry, and in regulat- 
ing the supply of gas, &e. Though it cannot actually 
be affirmed that the exhibition called for the many things 
that were specially new and invented for the occasion, 
it niust be admitted that the collections of exhibits at 
the various stands were, as a whole, exceedingly meri- 
torious so far as the exhibitors were concerned, and 
highly instructive to the many hundreds of visitors 
who passed through the exhibition during the ten days 
that it was open. 

Various Scotch exhibitors put in an appearance, and 
thereby contributed to the success of the exhibition. 
Amongst them there were the followi The Argyle 
Ironmongery Company and Mr. W. W. Christie, both of 
Glasgow, who exhibited some excellent examples of 
economic cooking stoves and ranges; Mr. D. M. Nelson, 
Glasgow, the sole agent in Scotland for Mr. William 
Sugg, gas engineer, London, whose recent successes in 
competing with the electric light, both in outdoor and 
indoor illumination, were fully illustrated at one end of 
the exhibition hall ; <x James Brownlie, Glasgow, who, 
as the agent for Mr. J. E. H. Andrew, had in operation a 
one-man “ Bisschop” gas engine, driving a small Schiele 
fan, two sewing machines, and a washing and wringing 
machine, at a cost of 11 to 13 cubic feet of gas, or one 
halfpenny per hour; Messrs. W. and B. Cowan, Edin- 
burgh, who showed gas meters in action; and Messrs. 
D. Biuge Peebles and Co., also in Edinburgh, who had 
on view their well-known and most ingenious gas 
governors and regulators. Having referred to the very 
varied and highly interesting collection of exhibits at 
Mr. Sugg’s stand, we may mention that Mr. Nelson has 
received instructions from the Greenock municipal au- 
thorities to supply them with a large number of that 
gentleman's new street lamps and argand burners similar 
to those now in use in various parts of London, but 
specially adapted for use with Scotch cannel gas. 

Most of the well-known English manufacturers of 
stoves, &c., for heating and cooking by gas occupied 
prominent positions in the exhibition hall, and many of 
their exhibits were shown in actual operation, thereby at- 
tracting a great amount of attention from the visitors, 
no mean proportion of whom were so thoroughly con- 
vinced of the practical importance of the exhibition that 
they made suitable purchases or gave orders for the 
supply of their wants. Without indicating individually 
the specially meritorious stoves, ranges, &c., at the 
several stands, we would just state generally that ex- 
cellence of design, tradesmanlike finish, and suitable 
devices for the economical consumption of gas were fre- 
quently exemplified by the exhibits of Messrs. Billing and 
Co., Hatton-garden, London; Messrs. J. Wright and Co., 
Birmingham; Messrs. Beverley and Wylde, Leeds; 
Messrs, S. Leoni and Co., London; Mr. Charles Wilson, 
Carlton Works, Leeds; Messrs, Hassall and Singleton, 
Birmingham ; Messrs. Siddaway and Sons, West Brom- 
wich; and Mr. J. Williamson, Hatton-garden, London. 

We onght not to leave unnoticed the stand of Messrs. 
George Bray and Co., Leeds, who, through their local 
agents (Messrs, John Findlay and Co., Greenock), had a 
most extensive and interesting display of their well- 
known and most serviceable enamel burners, including 
their special, regulator, and non-regulator union jets, 
slit unions, and batwings. They also had on view their 
40, 50, 60, 70, and 80-candle power burners, for use 12 
large apartments or in street lighting. 
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Amongst what may be termed the novelties of the ex- 
hibition we would include, and make special mention of, 
the improved mercury-tight self-acting gas-valve or 
governor, an invention lately brought out by Messrs. 
James Stott and Co, Oldham, and the object of which is 
to prevent over-pressure, and the waste to which it gives 
rise. Itis an ingenious arrangement for accomplishing 
the work aimed at, an@ it is already in extensive use. 
One common application for it is to gas engines, but we 
see no good reason why it should not be so modified as 
to be equally applicable to street lamps. By regulating 
the pressure it leads to a great saving in the gas bill. 





PHOSPHORUS IN STEEL. 
On the Neutralisation of Phosphorus in Steel and 
Steel-Like Metals.* 
By Ricnarp Brown, Ayr, N.B. 

As is well known to the members of the Iron and Steel 
Institute, the great difficulty in hitherto working up into 
steel the large class of ores and metals of iron in this and 
other countries is the large percentage of phosphorus which 
they contain, rendering the metals, when made up into 
steel, cold short. The aim, therefore, has been to get rid 
of the injurious element by elimination, but the close 
affinity that phosphorus has for iron has hitherto proved an 
almost insurmountable barrier. Some of the more recent 
processes are reported to have given good results, and if so, 
they are certainly a move in the right direction. Instead, 
however, of endeavouring to get rid of what I may call the 
great ‘‘enemy’’ of the steel trade, I have given my atten- 
tion to the practicability of turning the ‘‘enemy into a 
friend,” and in this respect I am glad to be able to announce 
that I have succeeded to the utmost of my expectations. 

Asis well known, the proportion of phosphorus that can 
at present, as a rule, be allowed to remain in steel is ex 
ceedingly small, something like .03 to .05 per cent. Iam 
aware that larger percentages bave occasionally been got, 
but they are the exception ; whereas, by my process, I have 
been and am able to neutralise nearly as much as 1°5 per 
cent., still leaving the metal soft and malleable. I need 
not tell the members of the Iron and Steel Institute that in 
having made this achievement a very great point has 
been attained, which will lead to lasting benefits for the 
classes of ores and metals containing much phosphorus, 
hitherto unable to be used for steel on that account. 

The agent I employ is bichromate of potash, a substance 
which is chemically pure, contains no water of crystallisa- 
tion, andis not deliquescent. It is, of course, well known 
that alloys of {chromium and chrome ores have been 
for hardening and fluxing purposes, but asa rule without 
success, as analyses of so-called chrome steel, made by pro- 
cesses hitherto used, have shown that such processes have 
been extremely uncertain, and in | cases altogether in- 
effective in combining chromium with iron or steel. By 
my process, however, there is no difficulty in effecting the 
desired combination, asthe bichromate of potash has the 
very important practical advantage over what has pre- 
viously been used of being a convenient, expeditious, 
certain, and effective means of introducing the chromium 
into the metal, be it iron or steel. : 

So far as I have gone with my experiments, I have found 
that to neutralise three-quarters per cent. of phosphorus 
about one-half per cent. of bichromate is sufficient. The 
percentage of phosphorus in ‘‘ Scotch’’ pig iron is some- 
thing like three-quarters per cent-, and in that of ‘‘ Cleve- 
land’’ about one and a half per cent. If it is thought de- 
sirable, a mixture of the two metals, ‘‘Scotch’” and 
‘*Cleveland,”’ in the proportion of one-half of each, would 
give a metal containing about 1.1 per cent. of phosphorus, 
which again could be further reduced by the assistance of 
purer pig iron or malleable iron scrap. This would lessen 
the quantity of bichromate to be used with ‘“‘ Cleveland’”’ 
iron.” 

Another very important eH to be gained by the 
neutralisation of phosphorus is that castings made by 
this process are very solid and free from blowholes or 
small cavities, so that steel castings can now be |adapted 
to almost any purpose, which, to the practical engineer, 
machine makers, and for railway bridges is of the 
very utmost importance. A further important improve- 
ment consists in the fact that there is little or no loss 
of metal going off inthe slag by this process. When the 
material is used the slag is generally of a fine grey colour, 
showing no black oxide of iron, as I understand is usuall, 
the case by the methods at present in use; and which, 
believe, amount to a very considerable percentage of loss, 
thereby adding to the cost of the steel. 

_In carrying out the process in practice, nothing can be 
simpler. No new plantis required or alterations necessary ; 
all that is demanded being that the little details should be 

ne about carefully. I have found from experience that 
it is the little points which, when not attended to, often 
causes failures, but when well looked after, result in 
success. 

In the Bessemer converter the bichromate of potash 
should be mixed with the melted metal.. It may either be 
added by being blown in as powder by the blast, through a 
small hopper communicating with the pipe by a descending 
passage fitted with two valves, the material being first ad- 
mitted into the space between the valves, and after closing 
the upper valve allowed to descend gradually by opening 
the lower valve; or the material may be introduced into 
the metal from the mouth of the converter, the blast bein 
stopped during its introduction and afterwards renew 
fora short time in order to effect a thorough mixture. 
When adding the material in a reverberatory farnace or 
other vessel, it may be in powder or in the usual crystals, 
put up in small handy paper bags, or other wrappers which 





.* Paper read before the Iron and Steel Institute at 
Liverpool. 





will afford a slight protection whilst it is being introduced. 
Daring the time the material is being introduced the slag 
must be pushed and kept aside by means of an iron rod or 
other instrament, and the material should be well stirred 
through the molten metal. When the metal is in a cru- 
cible, the cover should be kept more or less open for a 
short time after adding the material in order to allow of 
the escape of gas, and the crucible should be kept in the 
furnace for a short time after closing the cover. Whilst 
the material is being put into the converter, furnace, or 
crucible, and for a short time afterwards, a slight ebullition 
takes place. 

The quantity of bichromate of potash to be employed 

i in each case with the quantity of phosphorus 
present and ter dyes ge quality of steel desired. When 
the iron or metal to be operated on contains much carbon, 
the excess of cardon should be eliminated by means of the 
Bessemer converter or other adequate process before treat- 
ing the metal with the material. For instance, with cast 
iron containing .75 per cent. Fay and a variable 
quantity of carbon, the proportion of carbon should be 
reduced to about .2 per cent., and about .5 per cent. of 
bichromate should be mixed with the melted metal ; this 
will yield a ductile steel. A larger proportion of bichro- 
mate of potash will give a harder steel. Only a portion of 
the phosphorus is in practice removed ; but when the pro- 
portion of carbon is small, or is reduced as above directed, 
the phosphorus remaining in the metal no longer has an 
injurious action, nor imparts undesirable qualities, but, on 
the Fes improves the metal, particularly by render- 
ing it capable of being cast in a very solid condition and 
on ag poh or holes. Sahat Pe’ 

ith a larger proportion of phosphorus present in the 
metal than that Be in the above example, the steel will 
be harder, other things remaining the same. When the 
proportion of phosphorus is less than that given in the ex- 
ample, a larger proportion of carbon may be retained, and 
similar results got, with a small proportion of bichromate 
of potash. Therefore, to neutralise the effects of small per- 
centages of phosphorus, only a very small quantity of bi- 
chromate of potash will be required. 

In welding chrome steel, a little attention is necessary. 
For instance, after the pieces have been brought to the 
welding point, instead of striking the pieces to be welded 
heavily with the hammer, the smith should only “. them 
gently with a small hammer until the pieces are slightly 
welded, after which a sledge or steam hammer may be 
used with perfect freedom, and unless this is attended to, 
there is a risk that the steel may fly into small pieces if 
heavy hammering is used at first. by attention to this, 
almost any kind of my steel will weld, even should it con- 
tain large percentages of carbon and phosphorus. 

I herewith exhibit a number of specimens of my steel, 
showing some welded, some made into chisels, and some 
bent and twisted cold, exhibiting their different properties. 
— is their analysis, in part also their tensile 
strains. 


No. 1. 
Per cent. 
Carbon combined coe 6S 
Chromium oe 25 
Phosphorus .78 
No.la. No.2a. No.3a. No. 4a, 
Per cent. Per cent. Per cent. Per cent. 
Carbon combined -190 -180 c F 
Chromium eee .180 200 -210 .820 
Phosphorus eee oes 514 560 759 756 
Tensile strain in tons per 
squareinch .., oe 40.5 40.0 50.3 47.0 
Ultimate extension per 
cent. ... eee oo» =—4.61 24.0 5.7 4.74 
No.1. No.2b. No, 3. No, 40. 
Per cent. Per cent. Per cent. Per cent. 
Oarbon combined 30 d 53 Al 
Chromium age 14 16 20 -26 
Phosphorys eee oes 90 95 1.16 1.39 
Tensile strain in tons per 
squareinch .., bee 44.4 6.0 4.5 
Ultimate extension pe’ 
cent. eee 006 oo §=19.85 8.19 


The carbon in 3b and 4b is in excess of what it ought to 
be for a large percentage of phosphorus, and accounts for 
the low tensile strain. That, however, was caused by the 
difficulty I had in decarbonising the metal, and which 
would not exist with proper and efficient plant, which I did 
not possess. I have, therefore, hitherto worked at at 
disadvantage in making these and all my experiments. With 
the carbon decreased there would be no difficulty in in- 
creasing the percentage of phosphorus to one and a half per 
cent. with good results. 








Lonpon ASSOCIATION OF FoREMEN ENGINEERS AND 
DRavuGuHTsMEN.—At the sitting of Saturday the 4th prox., 
to be held at the Cannon-street Hotel, Mr. Michael Rey- 
nolds will read a paper entitled ‘‘ Practical Notes on Loco- 
motive Engine driving.’’ The chair will be taken at 8 p.m. 
by Mr. Newton, president, and non-members as well as 
members, are cordially invited to attend, and to share in 
the subsequent discussion. 





PROJECTED ENGINEMEN’S CERTIFICATE ASSOCIATION. 
—On Friday last, a meeting was called together at 23, 
Finsbury-place, E C., for the purpose of establishing, on a 
comprehensive basis, a new institution, whose main object 
should be the granting of certificates of efficiency to the 
enginemen of the United Kingdom, both locomotive and sta- 
tionary. It was stated that there were not less than 200,000 
of these, and that, at present, their appointments resulted 
from a kind of “ hap-hazard’”’ rather than a systematic 
plan. Pressing engagements prevented Sir Henry Tylor 
from remaining to the end of the meeting, but Mr. Joseph 
Newton, C.E., was subsequently elected to the post of chair- 
man, and resolutions in favour of the creation of the 
society, under the auspices of the Board of Trade, were 
unanimously passed. It is likely that at the next meeting 
—shortly to be held ~officers will be appointed and details 
more fully developed. 


|makers, which has been stationed at the h 





NEW BRITISH ARCTIC EXPEDITION. 
To THe EDITOR oF ENGINEERING. 

Srr,—In No. 716, the last issue of ENGINEERING, 
page 232, in an article headed ‘“‘ The British Association,”’ 

am placed before your ers as having spoken in 
‘*piteons” terms relative to the treatment of my balloon 
—_ for further Arctic exploration. So much for the 
first part of the report sent to your columns, which I will 
presently dispose of before touching 7 a@ second im- 
portant error by the counter evidence subjoined : 

ENGINEERING, September 19.—‘‘ Commander Cheyne, 
who spoke in piteous terms,”’ &c. 

_ Daily News, August 27.—‘‘Commander Cheyne broke 
in” . . . “The audience cheered this exhibition of pluck 
on the part of Commander Cheyne,” &c. 

The Manchester City News, August 30. On tg ny read 
by Commander Beaumont, and partly discussed by Com- 
mander Cheyne : 

‘Yesterday, in the Geographical Section, I could not 
but feel sorry to see Lieutenant Cheyne heartlessly snubbed 
by supercilious officialism in an excellent paper, but spoiled 
by being read as if from the quarter-deck of a man-of-war 
to a lot of schoolboy middies. Commander Beaumont 
narrated his own meritorious labours in search of the North 
Pole; but he need not have sneered at the project of a 
brave man, equally as skilful and more experienced than 
himself. The brusque and self-conceited chairman, Mr. 
Markham, said, but did not show how, that Mr. Cheyne’s 
attempt would be a failure. It will be a credit to the news- 
paper press of England if it should, as Mr. Cheyne believes 
it will, send him out to try the only possible way of ever 
getting to the Pole.’’ 

I allow these reports to tell their own disconnected tales, 
mi remarking that another member of the British 
Association, a perfect stranger, asked me how I managed 
to keep such an equal temper throughout the whole trans- 
action. Let the following extract of reported proceedings 
be the answer : 

8 ld Independent, August 27.—‘‘ Commander Cheyne 
replied that he had been brought up in the school of 
= line, and he at once bowed to the behests of Sec- 

ion E.”’ 

Be it noted that only a sectional party in Section E 
opposed me, which I may term the ‘‘ Markham party,’’ who 
look upon the 24 millions of undiscovered square miles 
around the North Pole as a sort of family estate. ‘ All 
English trespassers beware.” By no means is it to be im- 
plied that the feeling of the ‘‘ British Association’’ opposes 
a og yet to be ly determined by the press and the 
public. 

Having, I trust, satisfactorily disposed of the ‘‘ piteous’’ 
error, I come to the second important error contained in 


the same h. 

It i Oh oe. 20° eT a Re a a 
would travelin sledges until the first week in June, when 
they would be divided into three parties, each haying a 

oon of a capacity of 32,000 cubic feet filled with nearl 
pure hydrogen, and possessing a lifting power of « ton, and, 
as after reaching the Pole, he would return by a different 
route, he did not propose to have any depSts on the line of 
advance.”’ 

This is a strange muddle of all sorts, enough to make 
any Arctic or non-Arctic practical man laugh in his sleeve 
or out ofhissleeve. . 

I will correct this error by sending my plan to En- 
GINEERING in ewtenso, so that your readers may them- 
selves judge of the merits or demerits of the case directly 
from my hand. The answer in this letter will merely be 
that depdts will not be laid en rowte to the ship’s winter 
quarters, as the ship will not return by that coast line. 
After the vessel has been secured in winter quarters dep6ts 
of provisions will be laid out for the use of the spring 
slog parties on their advance upon the Pole and return 
therefrom. The said spring sledge parties, which will 
start at the end of March, are not to be confused with the 
ballcon party which will start for the Pole from the ship 
during the,first week in June. The balloon party will con- 
sist of seven or nine persons, according to circumstances, 
provided with boat, sledges, dogs, the equipments there- 
with, and fifty-one days’ provisions for the party, three 
balloons to carry them having the weights so distributed 
that in the improbable event of oné@ balloon becomin 
separated a small sledge party of men and dogs with 
proportionate stores and provisions would be at their 
command. 

For all other information I refer your readers to a perasal 
of the whole plan as explained before the British Associa- 
tion. I believe I am treading the path of duty in coming 
forward to undertake the command of a new British ex- 

ition, and asserting that we have hitherto been baffled, 
ut we are not beaten. 

The country is taking the matter up, let us be speedy in 
action, and have a due care not only for our own laurels 
but for the interests of py: we being the present 
— of the future honour of Great Britain in the 

ort 

Tam, Sir, yours a, 
Joun P. Cuzynz, R. Commander, 8.N. 

September 24, 1879. 





Fire PRorTection oF THE SuBURBS.—The North 
Metropolitan Fire Brigade, of which Mr. Lutwyche is the 
able and energetic captain, have uired a powerful 
Merryweather steam fire-engine provided with all the most 
recent improvements, and p it at their chief station, 
Lower Clapton; and within the past few days the South 
London Volunteer Fire Brigade have been supplied with a 
steam fire-engine, of Captain Shaw's pattern by the same 
ead quarters, 
Weardale Road, Lee, thereby increasing considerably the 
means of prompt fire extinction in this part of the metro- 


polis. 
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TESTING MACHINE AT THE UNIVERSITY COLLEGE, LONDON. 
CONSTRUCTED BY MESSRS. GREENWOOD AND BATLEY, ENGINEERS, LEEDS. 
(For Description, see Page 247.) 
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TESTING MACHINE AT THE UNIVERSITY COLLEGE, LONDON. 
CONSTRUCTED BY MESSRS. GREENWOOD AND BATLEY, ENGINEERS, LEEDS. 
(For Description, see Page 247.) 
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Fig. 2. 
c L 
In the system now suggested the webs remain vertical, 
= ~ tte sane relative position to their attachments 
1 x ro! out. 
Fig.14. By the addition of other bars and colors, webs mag Be 
attached to the apices of the several triangles formed by 
tr the links (see d portion of Fig. 1). 
Y I am, Sir, your obedient servant, 
E. H. Prinewz, 
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Comeate feb Rar ceils Bpeeead ak te 
way, in or) wold wi' 
Great Eastern Railway at Halesworth, was opened for 
Ww traffic yesterday morning. It is constructed on the 

ft. fen , and the maximum speed allowed by Act 
of Parliament is sixteen miles per hour. 




















TzcHNIcAL Epucation.—The City and Gnilds of 
London Institute for the Advancement of Technical Educa- 
tion, have just issued their technological examination 

e for 1880. These examinations are carried out 
on much the same ee as those of the Science and Art 
Department in subjects of pure science. They are held 
through local committees in all parts of the kingdom, and 
facilities are afforded by which any — artisan may 
be examined in the technology of his le, and may obtain 
a certificate. The subjects announced for the present year 
are: (1) A eo dele —_ ipe > sis 

; rewing ; co eing, 

) 3; (5) Carri Building; (6) Cloth Manafas. 
ture; (7) m Man ; ¢ Tionne-Sineenay } 
(9) Gas Manufacture ; (10) Glass facture ; (11) Gold- 
smiths’ and et nce Ma (12) Iron Manufacture ; 























| (18) Lace Manufacture ; of Oils, Colours, 
LONDON COAL SUPPLY. SPECTROSCOPE SCALE. and Varnishes; (15) Paper Manufacture; (16) Photo- 
To THz EprTror oF ENGINEERING. To THz Eprror oF ENGINEERING. phy ; (17) Porcelain ; (18) roa 3 (19) 


Srr,—In your last week’s issue you truly stated that the| Srm,—In reference to your remarks on variable scales for mfscture ; (20) Sill Dyeing; (21) aa 
high rate charged by the railways for the conveyance of | spectroscopes, Bweawas ING, vol. xxviii., page 231, I | facture; (22) ufacture, &c. ; (23) Ca | 
coal to the metropolis is reducing the sale of inland coal. | would suggest that if m@chanical difficulties can be over- Leather ; (24) Telegraphy ; (25) Watchmaking ; (26) Woo 
The evidence, before parliamentary committees and other- | come, a system of linked bars such as that outlined in the as. The examination is in three grades: Honours, 
wise, of the chairmen of the London and North-Western, | accompanying diagram (Fig. 1), would be even better | A vanced, and Elementary. Grade I. is intended princi- 
and of the Great Eastern, and of the general managers of | adapted for a variable scale than the more simple system | Pally for foremen, overlookers, &c. ; Grade II. for journey- 
the Midland, Great Northern, and Great Eastern Railway men; Grade III. for apprentices; but candidates may 
Companies, without enumerating Governmental and other enter themselves for any grade they choose. Certificates 
highest class data, show, in the most unmistakable manner (first and 0 oS. oe oe ge: aN 
that railway cannot compete with water carriage. I to ae 
am gunpaged to prove that by supplanting railway trans- 
of coal by water transit, and the concomitant inci- 
entals, a saving can be effected over the existing m of 
1ls. a ton, hosel upon the average selling price, of 15s. 
ton for a decennial period ; but even at a much reduced 
rate of saving what an immense benefit will be conferred 
upon the diversified mining interests in Yorkshire, Derby- 
shire, and Notts, and, coming nearer home, on millions of 


ler to encourage the f 
rie gy Spy ee 
consumers in the metropolis. Although it be true tha accoun every ey pass ex~ 
veritas odium parit, it ee less so thet vorééas est aang é ; amination. These payments consist of 21. for each candi- 
et prevalibit. The advocacy of your and other high-| ABO D, rigid frame; a a a, &., links pivotted centrally on date a first &. and 11. for each candidate taking 
class technical journals will effect infinitely more vital | collars } bb, &c.; ccc, &c., webs attached to collars. The a second i ony gents. Prizes consisting of meee, 
results, resulting in ultimate success, than all that I can | travel on the bars AB and CD. AB, bar of parallelogram ; and medals of silver and bronze, are offered in each grade 
write in favour of the displacement, not merely of a portion, | 4,4 % £°- position of webs when rectangular; bb >, &c., position | each subject. The programme gives full instruction as to 
but of the entire railway coal transport to water carriage, | °! ¥°>* Wem oblique. the formation of classes, methods of obtaining the +, 
and sale direct from the collieries to the consumers. The latter has this disadvantage, that each alteration of | conditions of examination, &c. It also contains a sy. 
Yours obediently, seale requires an adjustment for verticality ; moreover, if | for each subject, showing the range of each section of the 
‘ Wx. JoszpH Toompson. | the webs are laid on when the parallelogram is rectangular, . can be obtained gratis on — 
20, Little Tower-street, September 23, 1879. in all other positions they are bent at an angle at the | to the secretary of the Institute, Mercers’ Hall, E.C. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Ifron Market.—Business was done last 
Thursday forenoon at 47s. 6d. to 48s. 8d. cash, and at 
47s. 9d. to 48s. 10}d. one month, closing buyers 48s. 8d. 
cash and 48s. 10}d. one month, and sellers asking 1}d. per 
ton more. In the afternoon prices advanced, busi- 
ness being done at 49s. cash, after which there was a de- 
eline to de. 9d. ; at the close there were buyers at 48s. 10d. 
cash and 49s. one month, and sellers 14d. higher. Friday’s 
market was again considerably excited, and prices at one 
time actually exceeded 50s. per ton, a sum which it was 
confidently expected would be exceeded before the morning 
was out. The close, however, was 6d. under the quota- 
tion, but 9d. over that of the previous day, and 1s. 6d. over 
the closing quotation of the previous Friday. Business 
started at 49s. 14d. (4}d. up), and went on to 49s. 6d. cash, 
and from 49s. 4}d. to . 9d. one month, the market 
closing in the forenoon with buyers at the higher figures, 
and sellers 2d. over. The quotations mounted up in the 
afternoon to 50s. 14d. cash, but thereafter there was a par- 
tial decline to 49s. 6d. cash, at which buyers closed, and at 
49s. 8d. one month, with sellers asking 49s. 7d. and 49s. 9d. 
respectively. The warrant market was again very strong 
on Monday, and the price at one time touched 52s., being 
an advance of 2s. 6d. per ton, but the close was not so firm, 
and the day’s gain was 2s. ld. Business opened in the 
forenoon at 50s. (6d. up), and went on improving to 51s. 74d. 
cash, closing with buyers at 51s. 3d. cash, and sellers at 
5ls. 4)d. uring the afternoon the price ranged from 
5is. 9d. up to} 52s., and subsequently declined to 
5ls. 4d. cash, and from 52s. 3d. to 52s. one month; 
and the close was—buyers, 51s. 7d. cash, and 5ls. 11d. 
one month, and sellers 1d. over those prices. The 
market has been somewhat violently excited since last 
report, and a large amount of business has been done 
in warrants. A leading feature in the trade is the very 
large American demand, which seems to increase as prices 
advance; and the makers have again advanced their 
prices considerably. Hematite iron has been in great 
request, and most of the makers are sold up for een 
months tocome. There are various circumstances whic 
seem to make it reasonable to expect that America will 
continue to draw her supplies largely from this country, 
where stock is alone to be found. The home trade has 
only as yet shown very slight signs of improvement, but it 
must sooner or later be influenced by what is now going on. 
The Continental demand is quiet, partly on account of the 
fact that Germany is suffering from the retrograde move- 
ment of protection. There are certainly large stocks of 
pig iron in Scotland, and G.M.B. iron is going largely into 
store, but with a very slight general improvement will 
be needed. The condition of things now prevailing very 
closely resembles that which existed in the year 1852, so 
far as the iron trade is concerned, in respect of the general 
depression and low prices at the beginning of each year, 
speculation setting in, and stimalated by some furnaces 
being put out of blast, and a sudden large d 1 from 
America. Asin 1852 prices have very considerably ad- 
vanced. The parallel between the two periods is so striking 
and the condition of things so similar that it is by no means 
improbable that the trade may be about to enter upon a 
yet higher range of prices. t week’s increase in the 
stock of pig iron in the warrant stores was 3877 tons, and 
the total quantity with Messrs. Connal and Co. up till last 
Friday night amounted to 308,170 tons. Ten blast furnaces 
having been blown out, the total number now in actual 
operation is 72 as against 92 at the same time last year. It 
is confidently expected, however, that the number will again 
be put in fall blast now that the price of pig iron has risen 
to decidedly above 50s. per ton, the price which was gene- 
rally agreed upon two or three weeks ago as that at which 
the miners in the employment of the ironmasters would be 
allowed an advance of wages, although not necessarily so 
great as that conceded by the sale coumnactns. Last week’s 
shipments amounted to 15,650 tons, as com 
7956 tons in the corresponding week of last year. 

Large Contract for Locomotive Engines.—Messrs. 
Neilson and Oo., of the Hyde Park Locomotive Engine 
Works, Glasgow, have just contracted with the Indian 
Government for building eighty locomotive engines and 
tenders for the Indian railway sytem. The specifications for 





with 


these were given out in two lots, and Messrs. Neilson have | 


secured both, having undertaken to furnish the whole 
within the specified time. In addition to this extensive 
order, Messrs. Neilson and Co.’s tenders have also been 
accepted for six locomotive engines for the Cape. The 
competition for the former orders had been very keen, 
especially er the — engineers, who are not at 
present very well employed. For the last few years a con- 
siderable number of locomotive engines have been shipped 
from the Clyde to India. In the other private locomotive 
works in Glasgow work has been gradually running out, 
and these orders have come very opportunely. 


Clyde Shipbuilding Trade.—Though the present depres- 
sion has been long and severely felt in the Clyde shipbuildin, 
trade, there seems to be no immediate prospect of a muc 
brighter state of things, and it is to b: feared that the 
coming winter will be a bard one for the workmen engaged 
in this important branch of industry. The number of 
vessels of all classes at present on the stocks in the various 
stages of construction—ready for launching, in frames, 
completely plated, and keel laid—is unus small, and 
shows a great falling off as com with previous 
riod in recent years. Indeed, the amount of work on 
nd at present is so small that it affords decided testimony 
to the fact that both employers and workmen are passi 
through the trying ordeal of hard times. Taking the whole 
of the Clyde there are said to be only some 41 vessels in 
hand, whereas in the month of April, 1877, there were 126 
in p » and later on in the year the number was re- 
Gaced to 113 vessels of all classes. In September of last 





year, when the depression was very keenly felt, there were 
69 vessels on hand. While stating that there are only 4 
vessels in progress, it onght also to be mentioned that 
there is accommodation enough in the various yards for as 
many as 146 vessels, the construction of which is possible 
with the amount of machinery already laid down, and with 
the number of hands that could find plenty of room to 
work. Six firms have their yards at — completely 
bare, but as two of them have each a eel to lay down, 
there are consequently four yards quite at a standstill. 


Important Shipbwilding Contract.—In marked contrast 
to the despondency which characterises the eg para- 
raph is the pleasing news that Messrs. John Elder and 
Go. have just concluded a most important shipbuilding con- 
tract. An air of secrecy has hitherto been maintained 
regarding it, but it is believed to be a contract for a 
floating Boas to the order of the Russian naval 
authorities, of immense size and strength and engine 
wer. Indeed, is is said that she will be the most power- 
ul vessel afloat, that she will take two years for her com- 
pletion, and that she will be so big that the builders intend 
to enlarge their dock so as to be able to receive her when 
she is ready for fitting out ; and oy the same dock recently 
floated mm | provided most ros e accommodation for the 
Orient. But it should be stated in this connexion, that the 
vessel just contracted for is, according to reliable report, 
to be a circular ironclad, or what was spoken of a few years 
ago as a ‘‘ Popoffkoff.”” However, more exact news will 
soon be available. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Midland Institute of Mining Engineers.—A gene 
meeting of the members of this Institution has been held 
at Bargsley, under the presidency of Mr. R. Miller, manager 
of the Stafford Colliery, and vice-chairman. The chairman 
explained the class of evidence which should be given by 
the members of the Institute before the Royal Commission, 
which has been appointed to inquire into the working of 
coal mines in the country. He drew special attention to 
the question of the sudden outbursts of gas—the pits in the 
Barnsley district being more liable to these than collieries 
elsewhere. The question of the use of safety lamps, and 
the particular patterns which ought to be adopted, he said 
should be thoroughly discussed. The other business was 
only of a routine character. Mr. W. Ackroyd, Jun., 
exhibited a machine for cleaning safety lamps. The ma- 
chine is the patent of Messrs. Ackroyd and Banks, and its 
working was much admired. 


The Impediments to the Coal Trade. — Again the miners 
of this district are considering the advisability of restrictin 
the output of coal. A meeting of the Board of the Sout 
Yorkshire and North Derbyshire Mining Association has 
been held to consider the subject, and as might be expected 
could not adopt any resolution. From all sides reports 
come to hand that the mineowners are requiring further 
concessions from their men, who are receiving notices to 
quit by the hundred. Reductions of wages to the extent 
of 10 per cent. are demanded. In the majority of instanees 
strikes result and are progressing. The demand for coal is 
reduced to a minimum, and the trade generally dreadfully 
depressed. Yet in the face of these circumstances the latest 
information is to the effect that the colliers are going further 
than refusing reductions. They are asking for advanced 
wages. Several lodges in the district have passed resolutions 
in favonr of asking for 10 per cent. advance or a restriction 
of the output. The coalowners say ‘‘the force of circum- 
stances’’ will prove stronger than mere resolutions sed 
by these bodies. Silkstone coal is procurable on the pit 
banks at from 6s. 3d. per ton. 


Difficulties of the Iron Trade.—Ironmasters in this dis- 
trict find their position a difficult one when they receive 
orders for best manufactured irons at recent quotations. 
Within the past month hematite has gone up at least 10s. 
per ton, the cause of this being the immense American and 
Continental call for the raw material. But whilst this 
latter has enhanced in value, the price of the finished 
article has not advancedsin proportion, or anything like it, 
and therefore business is less profitable in some of the 
most important branches through the so-called ‘‘ improved 
emand.” Efforts are being made to increase the rates 
for the finished article, but so far the endeavour has met 
with but little success. Excepting from the home trade 
: ae and plates, orders generally speaking are only 
1g 

Steel Rails.—A la) order for steel rails for South 
Australia has this week been placed, but has not found its 
way here. However, it is known that other large con- 
tracts are on the eve of being issued, and it is believed in 
es = of the prices named, district makers will be 
successful. 


Free Trade.—A very heated controversy on reciprocity 
v. free trade is taking place in the district immediately 
around Sheffield. Alderman Ward, mayor of the town, 
the largest sheep-shear manufacturer in the world, is a 
leading champion of the former policy, and many of the 
most important manufacturers openly support his views. 
The Sheffield trades are at the present time suffering tly 
from foreign competition, ‘‘ protected” in some of the best 
markets by heavy tariffs, and it is in order that the erring 
Governments may be brought to their senses that ‘‘re- 
ciprocity’’ is called for. 


Completion of the Denby Dale Viaduct—The new 


ng | viaduct over Denby Dale on the Huddersfield and Penistone 


route was completed on Saturday. This is described as 
** one of the most substantial works in the railway world.” 
It is 1100 ft. jong greatest depth 126 ft., and it consists of 


21 arches of 40 , rted by 16 and 6 abut- 
ments. "Been. Naplor "Reothers “axe op be 


1 | With these 100,000 tons of 


ral | warrant store contains 83,000 tons of Clevelan 





They have used eight steam engines in building the viaduct. 
material have been moved, or 
about 200 tons per working day. There have been 1000 
tons of timber and plant employed. 

C. Cammell and Co., Limited.—This firm to-day de- 
clared an interim dividend at the rate of 5 per cent. per 
annum. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—The rapid rise in the 
Glasgow market has begun to have a marked effect upon 
the value of Cleveland iron, and since our last an advance of 
2s. per ton at the least has been made to the quotations, 
thus showing a rise of 6s. per ton since the middle of last 
month. Trade is better, but undoubtedly s tion has 
a great deal to do with the rise that has taken place, and 
this is not so good for the trade, as it induces the belief that 
there will soon be a relapse, and that consumers will be 
able to buy on more favourable terms. Yesterday from 
38s. to 38s. 6d. net was quoted for No.3 G.M.B. if de- 
livered immediately, but on Monday this quality could 
readily be bought at 37s., while to-day even more than the 
rate named above is asked and paid. No. 1 is 42s. to 
42s. 6d.; and grey forge 37s., but there is no saying how 
long these will rule, taking into account the excited con- 
dition of this market. e shipments this month have 
been quite one-third above the average, and last week’s 
exports were remarkable for their extent, a much larger 
quantity going to Scotland, where it is now preferable to 
use Cleveland pigs at present prices to Scotch pigs. Connal’s 
pig iron— 
1500 tons more than a week ago, and they are receiving at 
the rate of 300 tons to 400 tons per day. Two furnaces 
having recently been blown in by Messrs. Bell Brothers at 
the Port Clarence Iron Works. 


The Wages of Ironworkers.—Mr. David Dale, of Dar- 
lington, the arbitrator, has awarded that no general reduc- 
tion in the wages of ironworkers be made, but that the 
higher-paid classes of men in plate and sheet mills be re- 
duced 124 per cent. The latter object to this, and as a 
result they have struck work at all the plate mills connected 
with the Board, thus throwing the other men idle also. 
There are few men who are affected by the decision, but 
their action prevents the others from working. They want 
Mr. Dale to give his reasons for the award, and have en- 
deavoured to get an interview with him, but he is at pre- 
sent in Liverpool, and nothing can be done this week. 
Some of the men have begun work under protest. 


The Distress.—The Relief Committee are working hard 
to succour the families of the unemployed, and subscriptions 
are flowing in rather freely. On Monday 150 of the unem- 
— workmen were sent by the committee to Aylsham, 
in Norfolk, where work has been found for them on some 


new railway. They will get 3s. per day of ten hours. 
The committee had nearly 5000 men from whom to select 
and who were willing to go. 


The Manufactured Iron Trade.—Inquiries are more 
numerous, and prices are higher, the rates having been 
forced up by the increased cost of pig iron. The Carr 
House Rolling Mills at West Hartlepool, have been re- 
opened this week. 

The Coal and Coke Trades.—More is doing in the coal 
trade, especially in the steam and gas coal departments, and 
the usual autumn demand is setting in for house coal. The 
coke trade is slacker. 





NOTES FROM THE SOUTH-WEST. 

The Tin-Plate Trade.—At a meeting held on Saturday 
at Swansea, to consider the winding up of the Glamorgan 
and Carmarthen Tin-Plate Manufacturers’ Association, it 
—_s resolved to continue the working of the association as 
us' 


Iron Shipments from Cardif.—Last week 2660 tons of 
iron were exported from Cardiff, the same being cl as 
follows: Rails to New York, 750 tons by the Dowlais Iron 
Company ; 790 tons by the Rhymney Iron Company; and 
160 tons by the Ebbw Vale Iron Company. To Salonica, 
460 tons by the Llynvi Iron Company ; spiegel iron, 500 tons 
to New York, by the Dowlais Iron Company. 

A New Miners’ Union.—A well-attended meeting of the 
miners of South Wales and Monmouthshire was held at 
Llansamlet on Saturday. Mr. W. Abraham delivered an 
address on unionism, and it was almost unanimously re- 
solved to form a miners’ union for South Wales and Mon- 
mouthshire. 


Tondu.—On Saturday a second blast furnace at Tonda 
was blown in, after being idle for several months. 


Cardif.—Buyers of coal at this port have been using 
every means in their power to induce colliery proprietors to 
accept large contracts for forward delivery at present 
prices, but they have been only partially successful, owing 
to most of the Fees 20 ing full of orders for the next 
six months at over ——- one oane = 
improving, especi with regard to the exportation 
coal Hy way and this week’s returns would have given @ 
pate increase in the quantity shipped if steam tonnage 

been more plentiful. Freights are firm, 
especially to Mediterranean ports and the East, which have 
a slight tendency upwards. The rts of coal foreign- 
wise last week were 85,233 tons, or tons more than in 
the preceding seven days. 

Newport.—The imports of iron ore at N last week 
amounted to 8280 tons. The exports of week com- 
prised 1000 tons of iron to Baltimore. 
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THE POST OFFICE ANNUAL REPORT. 


From the Postmaster-General’s report for 1878 
we have further interesting statistics of the 
progress of post-office and telegraph work and 
accommodation. The number of post-offices added 
to those already in existence is 258, whilst the 
number of road and railway letter-boxes has been 
increased by 580. ‘The total number of post-offices 
open on the 31st of December amounted to 13,881, 
and the number of letter-boxes to 11,880. The 
enormous growth of the system may be judged 
when it is stated that in 1840, when the penny 
postage was established, there were but 4028 places 
of deposit for letters, whereas the number now 
stands at 25,761. 

The number of letters delivered in the United 
Kingdom during the year exceeded that of the 
previous year by 39,640,500, being an increase of 
3.7 per cent. The number of post-cards was 
9,208,400 in excess, or 9 per cent. The number of 
book packets and circulars was 7,775,900, or 4.1 
per cent, and the number of newspapers 2,337,300, 
or 1.8 per cent, ‘Taking the correspondence of all 
kinds together the year’s work shows an increase 
of 58,962,100 on that of 1877-78, being nearly 
4 per cent., and an average of 45 per cent. per 
head of the population. “From an actual count- 
ing of the number of letters, &c., dealt with in the 
East Central District Office, London, for one week 
in November last, it appears that a day’s work in 
that office consists of 1,000,000 letters. The largest 
number of letters, &c., received daily by any one 
firm or em end in London is about 3000. The 
average number of letters, exclusive of post-cards, 
books, and newspapers, delivered yearly per head 
was in the London postal district 72, in the Liver- 
pool postal district 43, in England and Wales 37, 
in Scotland 28, in Ireland 14, and for the United 
Kingdom 32. 





Notwithstanding the continued depression in 
trade, the number of telegraph messages forwarded 
during the year shows an increase over the pre- 
ceding year, although only to the extent of 317,617. 
The total number of messages forwarded was 
24,459,613, of which 11,240,600 passed through the 
Central Telegraph Office in London. Nearly 286 
millions of words of news were delivered in the 
course of the year to various newspaper offices, 
clubs, &c. Of the number of telegrams delivered 
during 1878, about 44 per cent. were delivered in 
the East Central District, London; 13 per cent. in 
the Western District ; and 1] per cent. in the South- 
Western District. 

The number of additional post-offices opened for 
the transaction of telegraph business during the 
year has been 97. The total number of such offices 
open on the 3lst March, 1879, was 3853. Messages 
could also at that date be forwarded from 1401 rail- 
way stations. 

The general condition of the telegraph lines has, 
notwithstanding the exceptionally long winter, been 
satisfactory, fewer interruptions than usual having 
occurred, 

Amongst the improvements introduced in the Tele- 
graph Department, are a new form of insulator, and 
a superior class of battery. Other important im- 
provements in the apparatus in use as well as in the 
method of working have also been effected by the 
officers of the engineering staff. The process of 
superseding overhouse by underground wires in 
London and other large towns is being continued. 

The revenue from the private wire business 
exhibits a satisfactory increase. At the close of the 
financial year the amount received from this source 
stood at 63,305/., the number of renters being 1889. 

During the year settlements have been arrived 
at, in respect of compensation under the Telegraph 
Acts, with the London and South-Western, the 
Manchester, Sheffield, and- Lincolnshire, and the 
Metropolitan Railway Companies. All the companies 
specially named in the Telegraph Act of 1868 as 
being entitled to compensation have now been dis- 

osed of. In the case of the London and South- 
estern the settlement was effected by negotia- 
tion, whilst in the others recourse was had to arbi- 
tration. ‘The claim of the metropolitan companies, 
which amounted to 433,000/., was met by an award 
of 51,907/.; whilst that of the Manchester, Shef- 
field, and Lincolnshire, which was set forth at about 
253,000/., was met by an award of 39,4557. 

In the money order branch the business done and 
the amount remitted, as regards inland transactions, 
show a decrease, attributable, no doubt, to the pre- 
vailing depression in trade. Both colonial and 
foreign money orders show an increase. Savings- 
bank business has been satisfactory. The number of 
depositors in the United Kingdom on the 31st of 
December was 1,892,756, showing an increase during 
the year of 101,516. The proportion of ng aE 
to population was, in the United Kingdom ] in 17, 
in England and Wales 1 in 14, in Scotland 1 in 70, 
in Ireland 1 in 79. The amount standing to 
the credit of depositors on the date named was 
80,411,563/., being an increase of 1,670,806/. upon 
the amount at the end of the year 1877. he 
average balance to the credit of each open ac- 
count was at that time 16/. 1s. 4d., or an increase 
of 54d. on 1877. An arrangement, for which the 
department deserves great credit, has been adopted 
during the year, by which excavators and others em- 

loyed on the construction of several public works 
fave afforded them, at the place at which they 
receive their wages, the opportunity of depositing 
money in the Post Office Savings Bank, and of pro- 
curing money orders, a proceeding which cannot 
fail to prove of great value to a class of men never 
very conspicuous in making provision for the rainy 
day. 

From the revenue and expenditure return we 
learn that postage and money order business was 
productive of 6,274,000/. as against 6,047,000/. for 
1877-8. The expenditure under the same branch 
was 3,840,000/. ‘The net revenue, viz., 2,434,000/., 
shows an increase of 377,000/, on that of the previous 
year. 

The gross earnings of the telegraph service 
amounted to 1,346,892/. as against 1,338,542/. for 
the previous year; and the expenditure to 1,089,000/. 
as against 1,164,000/. for 1877-8. This decrease is, 
however, stated to have been due chiefly to fluctua- 
tions of some of the charges, and not altogether to 
actual reduction of expenditure. The capital ac- 
count under the head of Telegraphs, amounted, on 
the 3lst March, 1879, to 10,120,075/. 


THE ENGINEERING LABORATORY AT 
UNIVERSITY COLLEGE. 

WE have once or twice referred in these columns 
to a scheme which was proposed some time ype te | 
the authorities of University College, and wh 
appeared to us a very useful one, for the establish- 
ment of an “ Engineering Laboratory” in connexion 
with the Engineering Department of that Institution. 
This scheme originated in the idea that there was a 
department of “ practical work” which p ly be- 
longed to a college training, which would be of 
immense importance to young engineers, and which, 
at the same time, differed altogether from shop-work, 
which cannot satisfactorily be dealt with except in 
actual shops and upon a commercial scale. an 
address given at the opening of the College session 
in 1875, and published by us at the time,* Professor 
Kennedy (who was then, as now, in charge of the 
Engineering Department of the College) gave at 
some length the views of himself and his colleagues 
in connexion with this matter. Stated briefly they 
amounted to this: An engineer should have as 
intimate an acquaintance as possible with the pro- 
perties of the materials with which he has to deal 
professionally, and with the way in which those 
properties can be determined. Such an acquaintance 
cannot be obtained, anything like completely, by 
merely handling and working steel and iron in ma- 
chine or fitting shops, and occasionally taking a 
diagram from a steam engine, any more than the 
chemical properties of bodies can be learnt by 
mixing drugs, or the characteristics of a submarine 
cable by working the handles of the instrument. 
But there is no difficulty in conceiving an institution 
which might do for engineers what the chemical 
laboratory does for chemists, a place specially 
devoted to the investigation of those properties 
(physical rather than chemical) of the materials 
a 9 by engineers which directly affect their work. 
Such investigations would be essentially experi- 
mental—and, therefore, practical in the best sense 
of the word—they would include not only the all- 
important questions of the strength and elasticity of 
materials, but also all sorts of problems relating to 
the working of engines and boilers, to friction, to 
the flaw of finida (and of solids ac well), lO the eMm- 
ciency of machines, and so on, They would serve the 
three-fold purposes of giving the young engineer a 
particular kind of knowledge which would be of 

reat value to him, of giving him experience in 
different methods of accurate experimenting, and 
also, probably, in giving opportunity for working 
out to a solution many problems of practical im- 
portance upon which it has hitherto been difficult to 
obtain information. 

It was in order to out this scheme that the 
Council of University College first proposed the 
establishment of an ‘‘ Engineering Laboratory,” a title 
which, although it is somewhat awkward in sound, 
seems to be justified in sense, The scheme was 
submitted to a number of ae engineers, 
and a memorial most influentially signed (bearing, 
among many others, the names of Sir William Arm- 
strong, Mr. I. Lowthian Bell, Mr. John Fowler, Mr. 
Thomas Hawksley, Mr. E. J. Reed, Dr. Siemens, 
and Sir Joseph Whitworth) was sent by them to the 
Royal Commissioners of the 1851 Exhibition, point- 
ing out its value in the higher technical educa- 
tion of the country, and urging that the Com- 
missioners should make a grant in aid of it, The 
Commissioners, however, do not seem to have been 
able as yet to make up their minds to make ts 
in aid of anything ; the scheme has been accordingly 
started, on such scale as has been possible, by the 
College itself (whose funds, asa purely voluntary in- 
stitution, are very limited), with some little external 
aid, inthe hope that once it is fairly set going its 
usefulness may soon become so apparent that means 
will not be wanting to put iton a more extended 
footing. 

The laboratory opens (along with the rest of the 
College) on the Ist of October, and as this is the 
first time that such a scheme has been fairly carried 
out in this country, and as it ts such fair 
promise of being a most valuable addition to the 
means available here for the training of engineers 
—no unimportant of technical education—we 
are glad to be able to illustrate to-day some of the 
more important apparatus which has already been 
oA in it, In carrying out a scheme of this 

d, with very limited means, there is always 
the choice between two methods of pening 
one may either cover a great deal of ground, 
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* See ENGINEERING, vol, xx., pages 284 and 315, 
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with much variety of work, on a comparatively 
small scale, or one may limit the variety of 
work and provide for ing it out more 
completely, and on a much ger scale, Pro- 
fessor Kennedy has chosen the latter system, and 
certainly seems, so far, to be justified in the result. 
Of all the classes of experimental work he has 
thought that the direct testing of the strength 
and elasticity of the ordinary materials of con- 
struction was the one likely to be most generally 
useful, and has therefore devoted himself specially to 
providing apparatus for carrying out such experi- 
ments with the test accuracy, and on a scale 
which should yield results capable of direct applica- 
tion to practical purposes. ith this object he has 
put down the testing machine which forms the 
subject of our double-page engraving this week, 
which is the most important piece of apparatus in 
the laboratory at present, and which we shall 
describe in detail presently. In addition to this 
machine and the fittings connected with it, the 
laboratory contains a number of smaller pieces of 
apparatus for special purposes, such as a self- 
registering machine for measuring the deflection of 
springs or wooden bars, apparatus for testing in- 
dicator springs, apparatus for measuring the rate of 
transmission of heat through tubes, and so on, The 
laboratory is also furnished with the means of 
making its own apparatus, to a great extent, in the 
shape of machine tools and other appliances, and 
the making of apparatus will necessarily form in 
many cases an important part of the occupation of 
the men working in it. 

The testing machine possesses several points of 
interest. It was designed and constructed specially 
to meet the requirements of the case by Messrs. 
Greenwood and Batley, of Leeds, the principal 
objects aimed at, besides special accuracy of con- 
struction, being the providing of facilities for making 
all kinds of measurements, the removal of all im- 
pediments to a clear view of the piece under test, 
and the making of the whole machine easily ac- 
cessible, The machine is constructed for either 
tensile, compressive, or bending tests, its maximum 
load being 100,000 1b. (or almost 45 tons), and it can 
exert this either in direct tension or direct com- 

ression, or at the centre of any beam up to 48 in, 

tween supports, while either for tension or com- 
pression it will take in a piece of a clear length of 
about 75 in, ‘The principle adopted in the machine 
is that of Mr. Kirkaldy (whose machines have also 
been made by the same makers), which he has now 
worked successfully for so long, the ngewe 
namely, of determining the load by a weight acting 
through a system of levers, and of applying the load 
by a hydraulic ram. The way in which this is 
carried out is clearly shown in Figs. 1, 2, and 3, and 
in the perspective view on page 244. In these 
figures a a are two steel forks carrying (in the case 
shown) collar dies in which lies the piece to be tested. 
The pull is transmitted through the two pins 4 and c, 
by the former to the steelyard and weight, by the 
latter to the ram, The pin c passes through a cross- 
head g, which carries four nuts for the four screws 
d, the front ends of which are connected to the head 
of the ram e, which is — with water by a 
ump p placed near the other end of the machine. 
The outer ends of the screws d are fitted with 
pinions into which gears a spurwheel (concentric 
with the ram), which can be worked by a pinion 
through the handwheel/, and in this way the 
distance between the forks a a is adjusted to suit 
the length of the test bar. 

‘Lhe pin 4 is placed in a cast-iron block which em- 
braces the two main pull bars 4 which transfer the 

ull to knife-edges on the knee-lever £, of which the 
Solevans is at /. ‘The downward pressure on the outer 
end of & passes direct through the strut-pieces 
shown, to knife-edges on the steelyard », on which 
is a movable weight which can be run out and in by 
the handwheel o and the 2 gearing behind it. 
The upward component of the preasure on é& is 
taken by two knife-edged struts m. The maximum 
leverage is 100 to 1, and the maximum weight is 
therefore 1060 lb., which is divided into twenty 

yarts of 50 lb. each, the truck and suspending rod 
being adjusted to weigh 50 Ib, exactly. 

In this way the hydraulic pressure is transmitted 
to the piece through the screws d, the crosshead g, 
and the pin ¢, while the pull of the weight passes to 
the piece through the lever 4, the bars 4, and the 
pin 4. The use of the weight, of course, renders it 
unnecessary to consider the frictional resistances of 
the ram or the crosshead truck, the pull on the piece 
being simply that due to the load with its proper 








leverage, which can be read off at once on the scale 
upon the steelyard. The machine was tested before 
it was used in order to see whether this was per- 
fectly accurate, or whether there was any sensible 
frictional resistance to the motion of the knife- 
edges. For this purpose a load of 1000 lb. was 
made to act (through knife-edges) with a direct 
< on the pin 4, the clip a being removed, This 

ing balanced by a standard 10 lb. weight at the 
end of the steelyard it was found that an addition 
to the latter of 33 grains was sufficient to start the 
steelyard down, moving with it, of course, all the 

rts of the machine which in ordinary work lie 

tween the test-piece and the dead weight. This 
corresponds only to about a pound per ton, a quan- 
tity which certainly may very safely be neglected ! 

Figs. 4 and 5 show the arrangement used for 
holding a specimen not having shoulders, such as a 

iece of boiler plate or of flat bar. The test-piece 
is simply held between wedge blocks, the outward 
thrust of which is received by cast steel hoops 
placed round the ends of the forksaa. Figs. 8 and9 
show the machine as arranged for bending tests, The 
forks a a are removed, and the pin ¢ is taken out of 
the crosshead and placed in a separate block +r 
beyond it, while two links g (made open in the 
centre in order to leave the mid-point of the beam 
visible from above) transmit the pull from 4 toc 
direct. The block r carries a knife-edge, and the 
beam to be tested is placed between it, and two 
adjustable a upon the crosshead g, as 
shown in Fig. 9, The pressure of the ram is trans- 
mitted through the screws d to the crosshead just 
as before. Fig. 6 and 7 show the simple modifica- 
tion of this arrangement necessary to adapt the 
machine for compression, The block ris turned 
round, so that a die upon it faces the crosshead, 
into which a similar die is also placed. The piece 
to be compressed is placed between the two dies, 
the links g transmitting the pull of the steelyard as 
in the last case. 

The testing machine at University College is not 
fitted with apparatus for torsional tests, for which 
— apparatus is to be made; but as Messrs, 

reenw and Batley have arranged some later 

machines of this to out these tests 
we have thought it well to show in Figs. 10 to 12 the 
arrangement which they have adopted for the pur- 
pose. Special provision is cast upon the bedplate 
or carrying a pair of chain wheels x with large 
hollow bosses, working in bearings. Through the 
centre of these the test-piece is placed, being held 
in middle by a lever s, connected, by a rod / to the 
pin 4, the fork a being removed. The chains being 
connected to the crosshead g, the machine is simply 
worked as for direct tension. 

One of the special features of Professor Kennedy's 
machine is the arrangement he has adopted for 
measuring very small extensions, which was shown 
at Mr. Bateman’s conversazione at South Kensington 
in May last, where it attracted a good deal of atten- 
tion, Its general arrangement is shown in Figs. 13 
and 14, and some of its details in Figs. 15 to 17, page 
245. It is intended to measure quantities as small 
as ropooth of an inch, and seems to do this with 
reasonable certainty. Its special characteristics are 
(1) that it measures extensions between two fixed 

ints on the test-piece, and is, therefore, unaffected 

y the “ give” of the holders or any other movable 
parts, and (2) that the magnifying of the extension 
is effected optically and without the use of any parts 
which have measurable backlash, such as racks or 
ordinary pin links. Referring to Fig. 14, a is a 
telescope placed upon the frame 4 of the machine 
just under the boss of the handwheel o, Figs. 1 
and 2, so that its eye-piece is conveniently 
placed for an observer who is also controlling the 
position of the load on the steelyard. Through the 
telescope the observer can read, by their reflections 
upon two mirrors 4 4, a pair of scales (Fig. 13) 
placed close to the roof, about 11 ft. above the 
machine. The test-piece / is held in the machine 
in the usual fashion, it carries two light clips ¢ e, 
which are sufficiently held in om by small centre 

unch marks. From each of these clips projects 
Loslssutallyy a steel pin, as seen in Fig. 14, The 
mirrors 6, which are silvered on the face, are con- 
nected to horizontal spindles ¢ carried by light 
brackets g resting on the frame*of the machine. 
The axis of each spindle is made to lie in the plane 
of its mirror. On theinner end of each spindle is a 
light lever carrying a steel pin like that on the clip. 
To transmit motion between these two pins simple 
drop pieces d dare used, weighted for steadiness, and 





having nothing but V notches which drop on to the 
pins. By this arrangement any motion of either 
clip e acts at once in tilting the corresponding 
mirror, and therefore changes the particular point of 
the scale, which is apparently cut by the cross wire 
in the telescope. The scales are placed on runners 
and can be moved by cords so as to adjust them to 
read zero when there is no load on the piece; at 
each addition of load the readings of th are 
noted, and the sum (or difference) of the two 

ings shows the total extension, With the 
proportions adopted the extension is magnified 


about 140 times, so that 7 +_th of an inch becomes 


about th of an inch on the scales, a quantity which, 
with a good ee and some practice, ought to 
be easily enough read. Somewhat crucial tests have 
failed to detect any symptom of backlash in this 
apparatus, the neat arrangement of which is due 
chiefly to Mr. R. H. Willis, who has for some time 
past been working with Professor Kennedy in car- 
rying out his laboratory scheme. The apparatus 
was made by Messrs. Elliott Brothers. In the de- 
tails, Figs. 15 to 17, clip, drop-piece, and lever are 
separated, in order to show them more distinctly. 
It has been found an improvement to hold the 
bracket g in position simply by a suspended weight. 
Our space compels us to defer until a future 
occasion giving the results of some rather interest- 
ing experiments which have lately been made with 
the machine we have described; we shall only say 
further that we hope it may not be long before the 
experimental steam engine and boiler, which, we 
see, formed a part of the original scheme, can be 
added to the furnishings of the laboratory. We 
are informed that any one who wishes to see the 
laboratory can do so at any time by making an 
appointment beforehand. Arrangements can ap- 
parently be made by any one wishing to work in it 
any time and for any time, as is the case usually in 
laboratories, and in this way it may probably be 
useful to not afew who have not opportunity nor 
wish to attend courses of lectures extending over a 
long period. We wish the experiment all success. 











THE IRON AND STEEL INSTITUTE. 

THE autumn meeting of the Iron and Steel Insti- 
tute commenced on Wednesday morning last at 
Liverpool, when the members were received by the 
mayor and the local reception committee at the 
concert room, St. George’s Hall, which had been 
kindly placed at their disposal. The proceedings 
were inaugurated by a short speech from the mayor 
(Mr. T. B. Royden), in which he welcomed the In- 
stitute to Liverpool, referring to the importance of 
the industry with which the members were con- 
nected, and to the intimate connexion between 
that industry and the development of the mercantile 
marine in which Liverpool was so specially in- 
terested. He also referred to the progress which 
was being made in the application of steel to ship- 
building, and to the advantages which promised to 
accrue from its employment. 

The President, Mr. Edward Williams, then re- 
sponded on the part of .the Institute, and thanked 
the mayor for the cordial reception accorded to 
them, Dealing, then, with the mayor's remarks as 
to the employment of steel for shipbuilding, he said 
he had no doubt that before long the change 
from iron to steel would be made, At the same 
time he remarked that the change was undoubtedly 
being delayed from the practice which had somehow 
arisen of demanding that steel ships should be built 
of a material of boiler-plate quality. This require- 
ment necessarily increased their cost, just as would 
be the case if it was insisted that iron plates of boiler 
quality should be used instead of iron ship-plates. 
As time went on he hoped that steel of a lower 
quality than that required for boilers—but still 
greatly superior to iron ship-plates—would be ac- 
cepted for shipbuilding purposes, and when this was 
done he was convinced that the change from iron to 
steel would be exceedingly rapid. 


Tue DETERMINATION OF MANGANESE IN 
MANGANIFEROUS [RON Orgs, &C. 
The discussion was then taken on Mr. Pattinson’s 
per ‘“‘ On a new Volumetric Method of determining 
Senehante Manganiferous Iron Ores, Spiegeleisen, 
Steel, &c.,”’ which was read at the last London meet- 
ing (vide page 508 of our last volume), and the dis- 
cussion on which was then adjourned. The discus- 
sion was opened by a few observations from Mr. 
Pattinson himself, who remarked that he had nothing 
to add to the paper (which described his process 
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fully), except to say that he continued to be perfectly 
satisfied with the results of this process. Mr, G. 
Reilly, who spoke next, said that Mr. Pattinson’s 
process was certainlythe best which had been pro- 
posed for its purpose. Many other modes of 
procedure had been suggested, but they had all 
failed. He considered, however, that there was a 
difficulty in making sure that, in carrying out Mr. 
Pattinson’s process, all the manganese was precipi- 
tated as peroxide, and he was therefore unable as 
yet to place a full reliance upon it as upon the old 
and complicated mode of procedure, It could, 
however, certainly be carried outin from one-fourth 
to one-sixth the time required for the usual method, 
and with spiegel and ferro-manganese it appeared to 
give results which agreed very closely with the 
results of ordinary analysis. With manganiferous 
iron ore, however, the results did not appear to be 
quite so close. 

The next speaker was Mr. Stead, who remarked 
that he had carried out a large number of tests by 
Mr. Pattinson’s process, and that with a fair amount 
of care it gave results which agreed very closely 
with those obtained by the ordinary tedious system. 
With regard to Mr. Reilly’s observations he stated 
that the entire precipitation of the manganese as 
peroxide can be insured, and that if half the care 
was bestowed upon Mr. Pattinson’s process which 
was necessary in the ordinary process, accurate 
results might certainly be obtained. 

The discussion was then brought to a close by a 
few remarks from Mr. Pattinson in reply, in the 
course of which he remarked with reference to the 
observations of Mr. Reilly, that the whole of the 
manganese was certainly precipitated as stated in 
his paper. 


Tue AuTUMN MEETING oF 1880. 


Some general business of the Institute was next 
dealt with, and in the first place it was announced 
by the secretary that Messrs, J. H. Wilson and Co. 
had kindly made special arrangements to show the 
members the manufacture of steel by Noad’s pro- 
cess at their works at Cranmer-street, Liverpool, 
while forgings, &c., made of this steel would be open 
to inspection at the works at Sandhills. Of this 
process we may have more to say hereafter. 

The question of the place of meeting of the Insti- 
tute for the autumn of next year was then dealt 
with, and the President announced that the Council 
had received an invitation from a number of the 
ironmasters of Rhenish Prussia and Westphalia to 
hold their next autumn meeting at Diisseldorf. 
This invitation, he added, the Council had decided 
to accept subject to the opinion of the body of 
members at the present meeting, and he then pro- 
ceeded to put formally to the meeting the vote that 
the autumn meeting of 1880 should be held at 
Diisseldorf. The vote was cordially agreed to, and 
Mr, A. Thielen, the manager of the Phoenix Actien- 
Gesellschaft fir Bergbau und Huttenbetrieb, then 
in a short and genial speech expressed on behalf of 
the ironmasters who had forwarded the invitation 
the pleasure he felt at the decision arrived at. 

It is now some weeks since we announced in 
ENGINEERING the fact that the invitation to Diissel- 
dorf; had been received, and we are exceedingly 
glad to record its acceptance. The works of West- 
phalia and Rhenish Prussia are of great size and 
Importance, and they will afford an ample supply 

of matters of interests for examination. The invita- 
tion received by the Council was as follows: 

(Copy.) Disseldorf, August 15, 1879. 

_To the President of the Iron and Steel Institute. 

Sir,—The undersigned German members of the Iron and 
Steel Institute, being representative of the principal iron 
and steel worksin Rhenish Prussia and Westphalia, beg to 
propose that the next autumn meeting of the Institute, in 
1880, be held at Diisseldorf, on the Rhine. . 
_ Situated in the immediate vicinity of the most important 
iron and steel works, it offers to the members excellent 
facilities for visiting by rail every establishment of note, 
and the acceptance of our proposal would, at the same 
time, afford to the German members an opportunity for 
returning at least, to a certain degree, the many acts of 
courtesy and hospitality enjoyed by them at various meet- 
ings both in England and on the Continent, an event which 
they would hail with the greatest satisfaction. 

A general industrial and art exhibition for Rhenish 
Prussia and Westphalia, then open, will afford to the 
members a criterion of the progress in science and art. 

It is hoped that after the termination of the meeting the 
members will join in an excursion on the Rhine to the most 
Picturesque spots. 

We hope that you will kindly second our invitation in 
communicating it to the members, and should be happy to 
receive an affirmative reply. 

Meanwhile we remain, Sir, 
Yours very sincerely, 





(Copy of signa’ a : 
Managers t the Bodner Vanda ta Bergban und 
of the umer Verein fiir a un 
Gussstahlfabrication ; 
emai f the Hoerd ores Bi 
of the er 
Berg und Hiitten 
Verein; bau and Hiittenbetrieb. 
— bg va P 
Manager of the Eisen un 
nungshiitte ; Stahlwerk Hoesch ; 

A. Haarmann, Russell H. Brauns, 
——— of the Eisen und Manager of the Union Actien- 
Stahlwe rk Osnabriick ; Gesellschaft fiir Bergbau, 

Eisen, und Stahl Industrie ; 


E. Goecke, 
Manager of the Rheinische Stahlwerke. 


It will be noticed that this letter is signed by the 
representatives of eight firms occupying the first 
rank in Rhenish Prussia and Westphalia, and their 
names form a sufficient guarantee of the manner in 
which the arrangements for the meeting will be 
carried out. It will also be noticed that Herr 
Krupp’s name does not appear in the list of signa- 
tories, although we understand that he was specially 
invited to share in the reception. The absence of 
Herr Krupp’s name is the more remarkable, as his 
firm has for many years been represented at the 
meetings of the Iron and Steel Institute by several 
members of his staff, who have thus taken part in 
the visits to very numerous works in this country. 
The subject, however, is not one on which any more 
need at present be said, and we may return to our 
account of the Liverpool meeting. 

It was next announced by the secretary that the 
ballot papers had been examined, and all the gen- 
tlemen named in them had been found to be duly 
elected, the result being an addition of 58 members 
to the Institute. It was further announced that the 
names of 30 other gentlemen had been proposed 
and duly passed by the Council for election in the 
ordinary way. 

THE DEPHOSPHORISATION OF IRON AND STEEL, 

The two first papers on the list were then read, 
namely, ‘‘On the Dephosphorisation of Iron and 
Steel,” by M. A. Pourcel, of Terrenoire, and * On 
the Neutralisation of Phosphorus in Steel and Steel- 
like Metals,” by Mr. Richard Brown, of Ayr. both 
of which papers we 
present number, and of which therefore it is unne- 
cessary that we should give abstracts here. It was 
arranged that these two papers should be discussed 
together, but before the discussion commenced the 
President called upon Mr. Henry C. Bull, an Ame- 
rican gentleman, to describe briefly a mode of de- 
phosphorising iron on which he had proposed to read 
a paper, this paper, however, being offered too late 
to allow of acceptance for the present meeting. The 
process which Mr. Bull proposes to employ consists 
in the elimination of the phosphorus by converting 
it into phosphoretted hydrogen, it being intended to 
effect this by blowing steam through the molten 
metal. When carrying out the process in connexion 
with a Bessemer converter, Mr. Bull stated that the 
steam should be blown through after all the silicon, 
manganese, and carbon had been removed, under 
which circumstances he stated that the steam would 
be decomposed, some iron being oxidised, and the 
nascent hydrogen thus formed then taking up the 
ag oe and forming ee gear hydrogen. 

e, however, furtherstated that he preferred i 
out the process in a Siemens or other open-hearth 
furnace, the molten iron being mixed with a large 
percentage of hammer scale and subjected to a 
strong oxidising flame at the same time that the 
steam was blown through it, preferably through the 
tapping hole. The result of this treatment was 
stated to be that the silicon, carbon, and manganese 
are oxidised by the joint action of the steam, the 
hammer scale, and the oxidising flame, while after 
the removal of these substances the phosphorus will 
combine with the nascent hydrogen and pass off as 
phosphoretted hydrogen. 

The discussion on the papers was then commenced, 
the first speaker being Mr. E, Windsor Richards, 
who stated that he quite disagreed with the con- 
clusions arrived at by M. Pourcel. As for the hy- 
pothesis of the “probable curve of phosphorus” 
brought forward by M. Pourcel, such a curve as he 
supposed did not exist. He (Mr. Richards) was in 
a position to assert this positively, as the matter had 
been carefully tested at Eston, samples being taken 
every three minutes during a blow. Mr. Richards 
then exhibited a diagram (which we hope to re- 
produce in an early number) showing the results of 
the series of analyses just mentioned ; this di ‘i 
which was of a similar character to that we published 


C. Lueg, 
Manager of the Gutehoff 


int in cxtenso elsewhere iu the |} had 





in our report of the proceedings at the last London 
meeting (vide page 448 of our last volume), explain- 
ing the action which goes on very clearly. Mr. 
Richards also commented on the proposition made 
by M. Pourcel to add to the charge 20 per cent. of 
blue-billy. If, however, this addition was made the 
proper operation of the Bessemer process could not 
take place, as violent ebullition would ensue and 
the iron be all blown into the pit. The effect of 
adding an oxide of iron to the Bessemer charge was 
that the carbon and silicon all went at once. Speak- 
ing then of their practice, in making Bessemer steel 
from Cleveland pig at Eston, Mr. Richards went on 
to state that in what has been termed the after 
blow the iron ap; to hold oxygen in a state of 
admixture, the result beingthat when the spiegeleisen 
is added violent ebullition ensues, ‘To avoid this 
it had occurred to him that it might be desirable 
before adding the spiegel or ferro-manganese to 
add a certain quantity of highly silicious iron, the 
silicon in this iron serving to dispose quietly of the 
oxygen in the molten charge, and thus enabling 
the spiegeleisen to be subsequently added without 
trouble. This was tried, and proved a success, and 
he then went a step farther, and managed to pro- 
duce a silico-ferro-manganese, the intention being by 
using this compound to dispense with the addition of 
the silicious iron, andthus make one addition in place 
oftwo. ‘Toa certain extent this system of working 
was successful, but not entirely so, the manganese 
being preferentially oxidised, and the ebullition thus 
roduced causing some of the phosphorus tobe carried 
k from the slag to the iron. On the whole it 
gave inferior results to those obtained by the sepa- 
rate addition of silicious iron, and the spiegel in 
ferro-manganese, and they had, therefore, returned 
to the latter mode of working. Another change 
they had made was that they now dispensed with 
the addition of oxides, while they had obtained very 
satisfactory results with pig containing only 1.7 per 
cent, of silicon, They had also adopted with very 
good results, the plan of blowing in with the blast 
very finely powdered lime, and working in this way 
they had indeed succeeded in taking out 0.5 per cent. 
of phosphorus, while 2 per cent, of carbon re- 
mained in the metal. One practical trouble they 
porioneed, h er, was thé choking of the 
converters at the nose, They blew with blast at a 
pressure of 25 lb. per square inch, and during the 
after blow a gathering of material at the nose of the 
converter took place and caused much trouble. 
They would, however, be able to get over this by 
modifying the shape of the converter, and adopting 
a wider mouth. 

Mr. Snelus, who spoke next, maintained that M. 
Pourcel had taken an entirely wrong view in hispaper, 
and had attributed far too much to the influence of 
temperature. He appeared in fact to have neglected 
the difference between oxidation and de-oxidation, 
In the blast furnace—to the working of which M. 
Pourcel had referred—the phosphorus only goes into 
the slag when the furnace is not working properly. 
When the furnace is working well the phosphorus 
all goes into theiron, The greater the power of 
reduction in the blast furnace the greater is its 
effect, the iron being reduced first and the phos- 
phorus afterwards. If the iron is not all reduced, 
then the ane is not reduced and is found in 
the slag. M. Pourcel had in fact pointed out in his 

per that when a blast furnace was making the 
bent pig there was the most phosphorus in the metal. 
With regard to the experiment made by. M. Pourcel, 
and described in his paper, of melting spiegeleisen 
in a crucible lined with a mixture uf lime and blue- 
billy, Mr. Snelus observed that the result obtained 
was due to an insufficient time having been allowed 
to get rid of the reducing materials in the spiegel- 
eisen, He also agreed with the objections made 
by Mr. Richards, to the use of blue-billy in a 
Bessemer converter as proposed by M. Pourcel. 
Iron ore, he remarked, cannot be added in the 
converter, or the rere. will become pasty. Mr. 
Snelus also controve the assertion made by M. 
Pourcel, that iron ore cannot be used in the open- 
hearth process in cases where a soft steel has to be 
produced, the fact being that at the Steel Works of 
Scotland they were most successfully making soft 
steel in the Siemens furnaces without any addition 
of scrap, iron ore being alone used, He agreed 
with M. Pourcel in not approving of the figures 
taught in the French mining schools, to which 
reference was made in the postscript to M. Pourcel’s 
paper, but at the same time he did not think that it 
was of any im ce in what state the phosphorus 
existed in, the ore—it was sure to come out in the 
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iron if the blast furnace was working properly. As 
regarded the process described in Mr. Brown's 

per, he (Mr. Snelus) did not desire to say much. 

he process described, however, appeared to him to 
be of a very doubtful character, and the results 
obtained as recorded in the Tables he could only 
describe as comical, the irregularities being so great. 
As regarded Mr. Bull’s proposed process it would 
be impracticable owing to the cooling effect of the 
steam on the metal, while it was doubtful whether 
the phosphorus would be affected. 

Mr. Stead, of Middlesbrough, also condemned the 
conclusions arrived at by M. Pourcel. The blowing 
in of lime, as practised at Eston, had been very 
successful, and a lot of phosphorus had been found 
in the slag when the amount of iron in the slag was 
not sufficient for combination, thus showing that the 
gage existed in the slag as phosphate of lime, 

hen lime is not blown in, the silicon in the charge 
goes rapidly, and the disturbance caused destroys 
the lining ; but the blowing in of lime prevents this, 
The great effect of silicon is that it keeps the metal 
fluid and prevents the carbon from going too 
rapidly, this being important in the system of 
working adopted at Eston, as the phosphorus 
can only be removed while the charge is quite fluid. 

The next speaker was Dr. C. W. Siemens, who 
remarked that as he had not had the opportunity of 
reading M. Pourcel’s paper prior to the meeting, 
he would only comment on a few points immediately 
bearing upon matters in which he was specially 
interested. In the first place he quite agreed with 
Mr. Snelus’ condemnation of the conclusions arrived 
at by M. Pourcel as to the factors for the elimina- 
tion of phosphorus, namely, high temperature, and 
the absence of an oxidising flame ; in fact, he agreed 
with Mr. Snelus’s that the presence of oxygen was 
rather advantageous than otherwise. The remarks 
made by M. Pourcel as to the difficulty in making 
soft steel by the open-hearth process if iron ore were 


used, were also erroneous, the fact being that iron |, 


ore was almost exclusively used when very soft steel 
was required, Scrap was only added to secure a 
quicker outcome, the reduction of the ore when ore 
was used being naturally slower. He also differed 
from M. Poursel’s remarks on Krupp’s process, while 
as regarded the advisability of tapping off slag to 
get rid of phosphorus he had done that ten years 
ago. Asregarded Mr. Richards’ remarks respecting 
the result of the employment of a silico-ferro- 
manganese, he could endorse them from similar ex- 
perience with the open hearth. In the open hearth 
silicious pig was sometimes added towards the end 
of the process. With regard to M. Pourcel’s re- 
marks on the experiments at Towcester, there was 
no doubt that the removal of the phosphorus de- 
pended upon the presence of the oxide of iron in 
the slag, but at the same time he considered that 
the process alluded to would form a most valuable 
one for the preparation from phosphoric ores of a 
material suitable for steel-making. He had found 
that the phosphorus in this mode of working never 
goes into the metal, but remains in the slag, and 
this slag should of course be tapped off before ball- 
ing up. The slag so run off, however, does not 
contain any excessive amount of oxide of iron, but 
the final cinder must necessarily be rich. As re- 
garded Mr. Bull's proposed mode of operating, the 
suggestion to blow steam through iron was very old, 
older in fact than the Bessemer process, while Sir 
Henry Bessemer had also himself proposed it. At 
the same time he did not doubt the chemical action 
alleged to take place, but practically steam acted 
asa wet blanket and would chill the charge. 

Mr. Strick, then, speaking on behalf of M. Pour- 
cel, who was not present, laid before the meeting 
the results of some experiments made oy M. Pourcel 
in support of the position which he had taken up in 
his paper. The results of these experiments we 
hope to record in an early issue. 

uy he next speaker was Mr. I. Lowthian Bell, who 
remarked that some people appeared disappointed 
that all rails were not now made by the new process 
from Cleveland pig, quite forgettiag the practical 
difficulties which bave always to be overcome in in- 
troducing a new process of this kind, however good 
it might be. For his own part he could only con- 
gratulate Mr. Richards at the progress which had 
been made. As regarded the results already 
obtained he might state that the first lot of 
steel rails made from Cleveland iron had been sup- 
plied to the North-Eastern Railway, of which he 
was a director, The analyses of nine rails from 
this lot showed that the average amount of phos. 
phorus they contained was only 0.1 percent., while 





in one rail it was as low as 0.04 per cent., thus being 
as low as in rails made from best hematite pig. 
Messrs. Bolekow, Vaughan, and Co. have found 
that as the percentage of phosphorus increased, it is 
desirable to decrease the carbon, and in the rails 
just referred to the percentage of carbon was only 
0.3 per cent., which he thought was rather low for 
rails. In fact, he considered that generally there 
had been a tendency lately to make steel rails too 
soft, and thus impair their power to resist wear. It 
was however difficult to speak positively on this point, 
as the weight of engines and the weight and 
speed of trains had greatly increased since steel rails 
were first laid down. He, in company with Mr. 
Harrison, the chief engineer of the North-Eastern 
Railway, had visited Messrs, Bolckow, Vaughan, and 
Co.’s works to see some of the rails from Cleveland 
pig tested. The ordinary test consisted of two blows 
rom a weight of one ton falling 5 ft., the rail being 
supported on blocks 3 ft. apart ; but after a rail made 
from Cleveland pig had stood this test, the height of 
fall was increased, and it was subjected successively 
to blows from a weight of one ton falling 10 ft., 15 ft., 
20 ft., and 27 ft., while after it had been bent by the 
latter test in was turned over and received another 
blow in an opposite direction, still without break- 
ing. As to the relative cost involved in using 
Cleveland pig instead of hematite, they of course 
could not yet ask any questions of Mr. Richards, but 
he considered that it might be regarded as fairly 
proved that steel rails of good trustworthy cha- 
racter can now be produced from Cleveland iron. 
As regarded Mr. Bull’s proposed mode of treatment 
it was old, although he doubted whether in the 
older experiments care had been taken to remove 
all the silicon, carbon, and manganese before apply- 
ing the steam, a precaution which Mr. Bull considers 
essential. As regarded Mr. Brown’s process he (Mr. 
Bell) agreed with the remarks of Mr. Snelus. 

Mr. Reilly, who spoke next, agreed with Mr. 
Snelus as to the action which goes on in a blast 
furnace and disagreed with M. Pourcel. It had 
been shown some twenty-five years ago that the 
phosphorus all goes into the iron if the furnace is 
working properly, the only casein which it does not 
do so being when working with a scouring cinder. 
As regarded chrome pig he had read a paper on the 
subject some twoyears ago, andhe had tried extensive 
experiments on this pig as made in America. He 
had, however, failed to getany advantages with it, the 
chrome remaining in the cinder when the pig was 
puddled, and the iron being always dirty. As re- 
garded Mr. Brown’s process bichromate of potash 
was an expensive material, its present wholesale 
price being from 4d. to 5d. per pound, and hence 
the process would be costly. If the advantage con- 
sisted in the presence of the chrome it would be better 
to make a mixture of the chrome pig, which was 
cheaply produced. With regard to the information 
afforded by Mr. Bellrespecting the steel rails made 
from Cleveland iron, he asked if Mr. Bell could give 
the contents of silicon, in reply to which Mr, Bell 
stated thatit averaged 0.04 per cent., this being only 
about one-fourth of the quantity ordinarily present 
in steel rails, 

The last speaker in the discussion was Mr, Thomas, 
who indorsed the remarks of Mr. Snelus and Mr. 
Richards as to the conclusions arrived at by M. 
Pourcel in his paper, and referred ey to the 
fact that at Eston they had successfully dealt with a 
charge containing only 1 per cent. of silicon, and in 
several cases under 1 per cent. 

Mr. Richard Brown then replied briefly to the 
remarks which had been made on his paper, and 
stated that the cost of employing the bichromate of 
potash would amount to about 4s. per ton only to 
eliminate } per cent. of phosphorus. This cost 
would be saved in the lower value of the pig used. 
He also claimed for his process that he could deal 
successfully with large percentages of | ron 
and while admitting the irregularity of the results 
recorded in the paper, he thought that these could 
be got over by further experience. 

Votes of thanks were then accorded to M. Pourcel 
and Mr, Brown for their papers, and the President 
in afew concluding remarks referred to the difficulty 
of finding a suitable name by which to designate 
the process now being successfully worked at Eston. 
So many had been engaged in its development, that 
the selection of a title incorporating their names 
appeared impracticable ; but whatever might be the 
name by which the process may ultimately be desig- 
nated, he trusted that the most important part which 
Mr. Snelus had taken in its introduction would not 
be lost sight of. 





The meeting was then adjourned, the members 
dispersing to view the White Star Company’s 
steamer Germanic, the Inman Company’s steamer 
City of Berlin, and the Cunard steamer Gallia. In 
the case of the latter steamer no preparations to 
receive the visitors had, for some reasons, been made 
by the Cunard Company, but by the kindness of 
the local committee, the party who had elected to 
visit that vessel, were entertained at luncheon in a 
room adjoining the meeting room before starting. 
Of the Gallia we gave a full account in our last 
number, and it will therefore be unnecessary to say 
more about her here, but of the two other vessels 
we subjoin some particulars. 


Tue Waite Star Line Royat Mar STEAMSHIP 
GERMANIC, 


This celebrated steamship, which was built by 
Messrs, Harland and Wolff, of Belfast, is one of the 
fastest and most popular in the Transatlantic trade ; 
she is 467 ft. 6 in. long overall, and 455 ft. between 
perpendiculars, with a breadth of 45 ft. 2in., and 
34 ft. depth of hold, while she has a _ gross 
tonnage of 5008 tons and a net register tonnage 
of 3152 tons. She is fitted with four iron pole 
masts (three of which are square rigged) and two 
funnels. A neat iron ‘turtle back” deck, which 
has been found most serviceable in heavy head 
seas, extends 100 ft. from the stem and serves to 
shelter the steam windlass and anchor gear, and also 
the entrances to the forecastle, petty officers’ and 
emigrants’ quarters. There are three decks, two of 
which are of iron covered over with wood and ex- 
tend from stem to stern, and the hull is divided by 
eight water-tight bulkheads into nine different com- 
partments, the openings through the bulkheads 
being fitted with doors which are self-acting in case 
of leakage. 

The captain’s bridge, from which the vessel is 
navigated, is situated just forward of the mainmast, 
and close adjoining on the promenade deck is the 
forward wheelhouse in which the small wheel for 
working the steam steering engine is placed, the 
engine itself being placed in the after wheelhouse, 
immediately adjoining the rudder, so as to avoid the 
use of long lengths of rods and chains to lead to 
the forward wheelhouse, An ordinary hand steering 
gear is also provided in case of the steam steering 
gear getting out of order, while an automatic tele- 
graph worked by the rudder itself is placed on the 
bridge, so that the exact position of the rudder is 
always known to the captain. Reply telegraphs of 
the most improved construction also afford direct 
communication with the engine-room and various 
parts of the vessel, and every article necessary for 
safe navigation is to be found in its place, including 
ten large lifeboats, all fitted with the latest and most 
improved lowering and disconnecting gear. Ame- 
rican life rafts are also provided. 

The superior saloon passenger accommodation 
for which this steamer is so famed is situated 
amidships. The saloon, which is 53 ft. long by 
42 ft. 6 in. wide, is entered by descending a wide 
straight staircase, and it is decorated in an ex- 
tremely neat and elegant manner with panelling of 
embossed papier-miche, pleasantly relieved by 
polished fluted pilasters of teak and gold. A neat 
= marble fireplace has been substituted for the 
old-fashioned stove, and most comfortable revolving 
arm-chairs for the old-fashioned settees, The ports 
are also unusually large and tasteful, and are so 
constructed as to meet the requirements of either 
storm or calm ; the floor is tastefully inlaid with 
polished oak, ebony, and walnut; encircling the 
mast a well-stocked library is arranged, and in the 
forward end a ‘‘ Steinway” piano is placed. ‘The 
saloon is lighted at night with numerous lamps of 
elegant construction burning the American patent 
mineral sperm oil. The state-rooms are situated 
both forward and aft of the saloon, and are neatly 
furnished and well lighted. Adjoining the saloon on 
the port side is the pantry, in which is keptall the 
ship’s plate, porcelain, and crystal; a lift connects 
it with the cooking galley, which is situated on the 
deck above, so as to avoid annoyance from the 
smell of culinary operations. An extensive system 
of electric bells affords ready communication through- 
out. Situated on the promenade deck adjoining 
the main staircase is a saloon luxuriously uphol- 
stered, which serves for the ladies’ boudoir. ‘Lhere 
are also an excellent smoking-room, surgery, 
barber’s shop, bath-rooms, sculleries, mail and 
specie rooms, to be found in suitable places. 

The steerage accommodation is lofty and well 
lighted, and capable of accommodating upwards 
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of 1000 emigrants, separate and distinct sleep- 
ing apartments being provided for the two sexes. 
Lavatories and other conveniences are situated in 
the deckhouses with entrances from below in the 
respective apartments to which they are attached. 
Perfect ventilation is maintained throughout by 
means of a Sturtevant fan blast and an improved 
system of exhaust ventilation into the main funnels, 
which has been found most efficacious. Captain W. 
H. Thompson’s excellent arrangement of steam fire 
extinguishers, which we illustrated some time back 
(vide vol. xx., page 359), is fitted to each compart- 
ment, 

Five wide and capacious hatches, each fitted with 
an improved steam winch, afford means for the 
rapid loading and discharging of cargo, and special 
compartments fitted with refrigerating machinery are 
set aside for the dead-meat trade, many tons of meat 
being now carried. 

The engines of the Germanic are by Messrs. 
Maudslay, Sons, and Field, London, and are 
double compound inverted direct-acting surface 
condensing, 750 horse power nominal, with four cy- 
linders, having ordinary slide valves. Each engine 
has one high-pressure cylinder 48 in. in diameter, 
situated over the low-pressure 83 in. in diameter, with 
one piston-rod serving for both cylinders, so that 
each engine (fore or aft) forms in itself a complete 
compound engine. The length of stroke is 5 ft., and 
the average revolutions from 55 to 57 per minute, 
the maximum indicated horse power being 5430. 
The average daily consumption of coal ranges about 
100 tons, and the amount per indicated horse power 
slightly under 21b. Steam at a working pressure 
of 70 lb. is supplied by eight double-ended iron 
boilers of the elliptical type, with thirty-two fur- 
naces 6 ft. 6in. long and 3 ft. 3 in. wide, fired fore 
and aft. The total heating surface of the boiler is 
19,500 square feet. 

The surface condenser, which maintains a mean 
vacuum of 27 in., contains 4650 brass tubes placed 
horizontally, and has a condensing surface of about 
10,000 square feet ; the circulating water is passed 
through the tubes by a separate centrifugal pump, 
6 ft. in diameter, driven direct by two vertical 
engines. The two air, feed, bilge, and sanitary 
pumps are worked in the usual way with levers 
from the crosshead. Placed on top of the condenser 
is a small cylinder for starting and reversing the 
engines, which is worked from the starting platform 
immediately adjoining the telegraph from the bridge. 
There is also an immense bilge pump placed in a 
convenient position, which is so fitted as to pump 
from any compartment of the vessel, as is also the 
main donkey. Besides the engines mentioned above, 
there are six others in the engine-room and stoke- 
hole for various purposes, and altogether on board 
there are no less than twenty different engines, 
The donkey boiler is situated on the starboard side 
between the engine and boiler-room, and has two 
furnaces, All the various Kingston, bilge, and other 
valves are placed above the floor plates, so that 
immediate access can be had to them. ‘Lhe general 
arrangement of the machinery throughout is ex. 
ceedingly neat and compact, and the extreme cleanli- 
ness and order everywhere visible betokens thorough 
discipline and care. 

The propeller is of the movable bladed type, 
23 ft. 6 in. in diameter, having a gun-metal boss 
and four steel blades with a mean pitch of 
31 ft. 6in., and a surface of 132 square feet. 
Since the Germanic (which is the latest addition to 
the White Star fleet) came out in 1875, she has in 
conjunction with her sister vessel, the Britannic, be- 
come veryefamous, owing to the swiftness and 
regularity with which their voyages have been made 
in all weathers, their average speed being 154 knots 
per hour. 

We should add that the visitors to the Germanic 
were on their arrival most cordially received by Mr. 
Ismay, one of the owners, and entertained at 
luncheon before being shown round the vessel. 


Tue Inman Live Royat Mart StTeaMsHrp 
City oF BERLIN. 

This immense steamship, built by Messrs. Caird 
and Co., Greenock, in 1875, is 520 ft. long over all, 
and between perpendiculars 488 ft. 6in., with a 
breadth of 44 ft. 2 in., and 34 ft. 9 in. depth of hold ; 
her gross tonnage is 549] tons, and the net register 
3139 tons, She is ship-rigged, with three masts and 
one funnel, there are four decks, one of which is of 
iron covered over with wood, while the hull is divided 


immediately over the wheelhouse, in which is placed 
a powerful steam-steering gear on Mr. McFarlane 
Gray’s patent. Everything requisite for the safety of 
the vessel is in its proper place, including ten large 
life-boats. A capacious forecastle provides airy ac- 
commodation for nearly all thecrew, A steam wind- 


steam winch is placed at each hatch for workin 
cargo, while on the upper deck, placed one forwa’ 
and one aft, are two powerful pumps to serve in case 
of fire or leakage. 

The saloon, which is situated about two-thirds of 
the way aft, is 44ft. long by 43 ft. wide, and ca- 
pable of seating 200 eyere it is lighted by a 
cupola skylight of tasteful design, and also by cir- 
cular ports in the sides ; the upholstering is of rich 
purple velvet, and neat round chairs are placed at 
the tables instead of the usual settees; there is also 
an excellent piano and library. The state-rooms 
extend both forward and aft of the saloon and 
are luxuriously furnished and fitted with electric 
bells and all other recent improvements ; be- 
tween the ladies’ state-rooms and the saloon 
a handsome retiring room for the ladies is 
placed, and also an elegant boudoir on the upper 
deck immediately adjoining the saloon staircase. 
Smoking rooms, bath rooms, barber’s shop, and all 
other conveniences necessary for sea voyages, are 
also provided. Altogether there is accomodation 
for 220 first-class passengers. Passing from the 
saloon to the steerage arrangements the same care 
and forethought is to be noticed, the berths, which 
will accommodate over 1200 emigrants, being excel- 
lently arranged and well ventilated. 

The engines, which were also constructed by 
Messrs. Caird, are of the ordinary inverted com- 

und direct-acting type, surface condensing, 1000 

orse power nominal, with one high-pressure 
cylinder 72 in. in diameter, and one low-pressure 
120 in. in diameter, both fitted with the ordinary 
slide valves; the length of stroke is 5 ft. 6 in., 
and the average revolutions 56 per minute, the 
indicated horse power being 5500. The consump- 
tion of coal averages about 110 tons per day, and 
the average pressure of steam being 75 lb. and the 
vacuum 26} in. 

There are twelve boilers with thirty-six furnaces 
6 ft. 6in. long and 3 ft, wide, the ‘total heating 
surface being 16,000 square feet. The condenser 
contains 5500 brass tubes and has a condensing 
surface of 15,000 square feet; the water is cir- 
culated by a centrifugal pump throwing 7000 
gallons per minute and worked by a separate engine. 
The air, feed, bilge, and other pumps are worked 
by means of levers from the crossheads in the usual 
manner. The diameter of the crankshaft is 213 in. 
and of the main shafting 194 in. The propeller, 
which is four-bladed of solid cast iron, is 21 ft, 6 in. 
diameter and 31 ft. 6 in. mean pitch, and has a sur- 
face of 120 square feet. 

Owing to her great size and speed the City of 
Berlin has become well and favourably known in 
the Transatlantic trade, and has on-several occasions 
made some very rapid passages, besides maintaining 
excellent regularity throughout the year at a speed 
of from 15 to 15$ knots per hour. Amongst other 

erformances the City of Berlin has made the run 
Rane New York to Queenstown (2830 knots) in 
7 days 14 hours 2 minutes, giving a mean speed of 
nearly 153 knots per hour. She has also made a 
run of 405 knots or 469 statute miles in one day, 
equivalent to a speed of 19 miles per hour, e 
should state in conclusion that the visitors on Wed- 
nesday last were most hospitably received by the 
owners of the vessel, an excellent luncheon being 
served and everything done to promote their 
comfort. 





The inspection of the steamers was followed by 
three alternative excursions, these excursions con- 
sisting in visits to the Mersey Steel and Iron Com- 
pany’s Works, to Messrs. Laird’s Works at Bir- 
kenhead, and to the corn warehouses at the 
Liverpool Docks. To these several places the 
members were conveyed in tenders placed at their 
disposal by the local committee. In the evening, 
Wednesday’s proceedings were brought to a conclu- 
sion by a conversazione, held by the Mayor of 
Liverpool at the Walker Art Gallery, the conversa- 
zione being largely attended. Of the Mersey Steel 
and Iron Company’s Works and the corn ware- 
houses visited in the afternoon, we subjoin some 
particulars ; but of Messrs, Laird’s works the pres- 





into nine compartments by eight watertight bulk- 
heads. The captain’s bridge is situated amidships 


sure upon our space compels us to defer any notice 
until next week. 





lass is provided on the forecastle, and a powerful, 





THE Mersgy STEEL. AND IRoN Works. 

The works of the Mersey Steel and Iron Com- 
pany are situated in Carlyl-street, Live 1, near 
the southern end of the city, and occupy three plots 
of ground with an aggregate area of about 11 acres. 
Two of the plots just mentioned are situated between 
Carlyl-street and Grafton-street, but are separated 
by a cross street which rises sufficiently towards its 
junction with Grafton-street to allow of a tunnel 

neath it, uniting these two parts of the works. 
The third gs is at a higher level than the others, 
and is to the east of Grafton-street, a tunnel under 
that street establishing free communication with the 
other divisions of the establishment. Of the two 
divisions first mentioned immediately adjoining 
Carlyl-street, the northern is the chief, and of this 
we may first speak, as it comprises the offices, the 
forge, and the machine shops, 

he Mersey Steel and Iron Company have long 
had a high reputation for heavy forgings, and as 
might be expected their forge is of large size and ° 
includes an extensive plant. It contains seven 
steam hammers, of which the largest is a 10-ton 
Morrison hammer, while there are several other 
6-ton hammers by Glen and Ross, these hammers 
being noticeable for the wide spread of their frames, 
these giving plenty of room for handling large and 
awkward forgings. With the exception of the balling 
furnaces, which are heated by gas, the furnaces in 
the forge are all of the ordinary type. 

One of the specialties of the Mersey Steel and Iron 
Company is the production of large forgings of 
steel first rolled into bars and then piled and treated 
in the same way as forgings from wrought-iron 
scrap, The system of forging has been very suc- 
cessfully developed by the manager of the works, 
Mr. George Ratliffe, and, as many of our readers 
will remember, it was referred to by him in the 
course of the discussion (see page 123 ante) on Mr, 
McLean’s paper ‘* On the Forging of Crankshafts” 
read before the Institution of Mechanical Engineers 
during the recent meeting at G w. This system 
of producing large forgings forms the subject of a 
paper by Mr, Ratliffe which is on the programme of 
the Iron and Steel Institute at their present meeting, 
and as we shall hereafter have to deal with that 
paper and the discussion upon it, it will-bo unncecn~ 
sary for us to ontor into further details here. We 
may mention, however, that at the time of our visit 
to the works none of these steel forgings happened 
to be in progress, but Mr. Ratliffe was able to show 
some excellent examples of the class of material 
which can be produced in this way. The Mersey 
Works, like most kindred establishments, are at pre- 
sent suffering from the great depression of trade, 
but amongst the forgings to be seen in progress 
during the visit of Wednesday last was a large 
crankshaft, some a the parts of a} built- 
up shaft and other work quite sufficient to show the 
capabilities of the forge. 

Adjoining the forge are two machine shops, these 
being separated by the offices which stand between 
them. One of these machine shops—the ‘smaller 
and older of the two—contains a good plant of 
heavy tools adapted for shaping large orgings, 
such as stern-posts, &c., there being included in the 
plant an exceptionally large planing machine with 
two tables which can either be run together or sepa- 
rately. The other machine shop is specially laid 
out for dealing with large c hafts, and it con- 
tains an excellent plant for this purpose, including 
large lathes and one of Measrs, Craven Brothers’ 
crank-pin turning lathes, in which, as many of our 
readers know, the shaft to be turned is stationary, 
the tool being carried round it. ‘This machine is of 
very large size and is capable of dealing with any 
shafts likely to be required for many years to come, 
The whole shop is commanded by a fine travelling 
crane worked by a fast-running rope, Amon 
the work in progress are the parts of a large ‘‘ built- 
up” shaft which is being made for the Barrow Ship- 
building Company. 

The division of the works with which we are now 
dealing includes, besides the forge and machine 
shops already mentioned, a range of Siemens gas 

roducers and a group of nine Pessntiirs boilers, 

or supplying steam to the steam hammers, &c, 
Passing through the tunnel under Grafton-street, 
we come first upon another similar group of nine 
boilers, these being adjacent to the engines of the 
steel works, but the steam pipes of the two grou 

being connected so that either division of the wor: 

can be — with steam from.either group of 
boilers. e steam pipes throughout the works 
are, in fact, all connected so that any division is 
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ite independent of any failure of its own boilers: 
tn the same way the hydraulic mains of the different 
groups of hydraulic cranes are also connected, bye- 
— being provided so that in the event of a pipe 

ursting the cular part to which it belongs can 
be shut off without interfering with the rest. 

The Bessemer plant is all situated in the high- 
level division of the works, which we have men- 
tioned as being situated on the eastern side of 
Grafton-street. It comprises altogether five pairs 
of 6-ton converters, three pairs being arranged in 
one group, and the two other pairs being placed 
each pair by itself. Formerly, the Mersey Steel 
and Iron Company were large makers of steel, and 
they took indeed a prominent part in the production 
of puddled steel prior to the development of the 
Bessemer process. For the past two years or so, 
however, they have discontinued the manufacture 
of steel rails, and their Bessemer plant has only 
been occasionally worked for the manufacture of the 
steel used for making the bars they are now using 
in the production of steel forgings. Although, 
however, the plant is not now being regularly 
worked, yet the company are making preparations 
for the extensive production of steel rails when the 
demand revives, and prices become more favourable, 

In the arrangement of the Bessemer plant at the 
Mersey Works there are no special features; but 
we should mention that the ingot moulds used are 
all close-topped, and run from the bottom in groups 
—generally eight ina group. The central git used 
is of quail ammeter, and is higher than the tops of 
the surrounding ingot moulds. Mr. Ratliffe is 
using this system of casting with very successful 
results, the ingots obtained being wonderfully 
sound. The visitors to the works had the oppor- 
tunity of judging of this, as samples of some ingots 
cast a few weeks ago were shown broken, and also 
cut across, and the section planed to a smooth sur- 
face. These ingots were some of those cast by Mr. 
Ratliffe for collie down into the bars used for 
forming the steel piles, and they contained about 
one-sixth per cent. of carbon, and nearly ] per cent. 
of manganese. 

The blowing engine, &c., connected with the 
Bessemer plant are contained in two engine-houses, 
one large engine-house edjoining the group of three 
pairs of converters containing a pair of horizontal 
blowing engines by Messrs, Rothwell and Co., of 
Bolton, and also the engines for supplying water to 
the hydraulic cranes, &c., and three smaller blowing 
engines, which were originally put down for supply- 
ing blast to the cupolas. Mr. Ratliffe has, how- 
ever, dispensed with two of these latter engines, and 
bas disconnected the blowing piston of the third, 
arranging the engine to drive a Root blower by a 
belt from the flywheel. From the blower thus 
driven he informs us that he gets a better supply of 
blast than was formerly obtained by using the three 
engines, The blower we may mention is connected 
to very large air mains in order to avoid loss from 


friction, In the other engine-house of the Bessemer 
department, the principal engines are a pair made 
by Messrs. Galloway. These are also horizontal, 


and like those on the other engine-house have piston 
valves on the blowing cylinders. The air mains 
from the two engine-houses are connected so that 
any pair of converters can be blown from either 
engine. 

One of the pairs of converters—that first put up 
—it is proposed to remove to make room for drilling 
machines, straightening presses, &c., forming part of 
a new plant for the manufacture of rails, which is 
partly erected. This plant will be mainly contained 
in a new forge, consisting of three parallel spans of 
80 ft. each, which has been erected adjoining the 
older part of the Bessemer works. This is a fine 
lofty forge fitted up with Siemens’ reheating furnaces, 
a three-high cogging mill driven by a pair of hori- 
zontal engines, and a two-high reversing train 
driven by a pair of vertical reversing engines. The 
furnaces are partly erected and the rolling mills 
nearly complete, but at present progress is stopped 
awaiting more prosperous times. 

We have now to speak of the tiird division of the 
works. This is, as we have already explained, 
adjacent to that with which we first dealt, and like it, 
it is situated between Carlyl and Grafton-streets. 
The plant in this division consists of a three-high 
cogging mill, a two-high reversing rail mill driven 
by a pair of horizontal reversing engines, and a 
smaller two-high mill used for bars, angles, and 
bull-headed rails. This latter mill it is, we under- 
stand, intended to remove to the new forge in the 
high-level division of the works, The engines of 





the reversing rail mill, in the department of which 
we are now 8 ing, were made by Messrs. Robert 
Daglish and Co., of St. Helens, and we published a 
two-page engraving of them in our number for 
February 20, 1874, when we also gave some par- 
ticulars of their performance. At present this mill 
is standing, but the adjoining smaller mill bas lately 
been employed in rolling the 3 in. by 4 in. steel bars 
which are used for piling for steel forgings. The 
furnaces in this department are all Siemens gas fur- 
naces, 

The demands upon our space this week prevent 
us from dealing at any greater length with the works 
of the Mersey Steel and Iron Company, but the few 
general particulars we have given will suffice to 
show that the works are of very considerable im. 
portance, and possess a large productive capacity 
which we can only hope may ere long be fully 
utilised. 

Tue LiverPoot GRAIN WAREHOUSES. 

The third alternative excursion open to the 
members on Wednesday afternoon was to the corn 
warehouses at the Liverpool Docks, these ware- 
houses being of much interest not only on account 
of their extent but also for the ingenious character 
of the machinery with which they are fitted 
for handling the grain.* The provisions made 
by the Liverpool Dock Board for the storage of 
corn include warehouses on both sides of the 
Mersey, tlose on the Liverpool side being situated 
at the Corn Warehouse Dock, while those on the 
Birkenhead side are erected adjoining the great float. 
In their general construction the two sets of ware- 
houses differ, but in the arrangement of their grain- 
lifting and traversing machinery they are practically 
identical. ‘The warehouses are very handsome 
buildings, and they were erected from the designs, 
and under the supervision of Mr. George Fosbery 
Lyster, the engineer to the Liverpool Dock Board. 

The warehouses on the Liverpool side consist of 
three blocks known as the East, West, and North 
blocks, the width of each block being 70 ft., and 
their lengths 650 ft., 650 ft., and 185 ft. respectively. 
They thus occupy an area of 11,550 square yards, 
while they have five floors, and the aggregate clear 
storage area amounts to 48,918 square yards, or in. 
cluding the quay floor 11# acres. The height of the 
ground floor from the quay level to the underside of 
floor girders is 15 ft. 3in., while the five stories 
above have each a clear height of 9 ft. 3 in., the 
total height from quay level to the top of the stone 
cornice being 82 ft. Above the fifth floor also is a 
platform 24 ft. wide devoted to the machinery, this 
platform running the whole length of the buildings, 
The Liverpool warehouses have “fireproof” floors 
consisting of brick arches turned between cast-iron 
girders, these girders being braced together by 
wrought-iron ties. Each girder carries a floor area 
of 37 square yards, and the dead weight of the 
beam onl brick arching for this area is 27} tons, 
-~— to 143 cwt. per square yard. The load 
allowed by arrangement with the.Grain Ware- 
housing Company, is four quarters of wheat (weigh- 
ing 17 cwt.) per square yard, so that the total 
distributed weight on each girder with the floors 
fully loaded would be 58} tons. Each girder before 
erection was subjected to a test load of 42 tons applied 
at its centre, and the deflections under this load 
varied from 0.6 in. to 0.8 in. The calculated dis- 
tributed breaking load of each girder is 173 tons. 
The materials used in the construction of these 
warehouses included 13} millions of bricks, 1,100,000 
cubic feet of stone, and 6380 tons of cast and 
wrought iron. 

The machinery for handling the grain consists, 
first, of a series of hydraulic cranes, by which the corn 
is raised from vessels’ holds to the top of the ware- 
houses in tubs containing about a ton; secondly, of 
a system of travelling bands by which the corn thus 
raised is distributed throughout the length and 
breadth of the warehouses; thirdly, of a second 
system of distributing bands on subways below the 
quay level; fourthly, of a series of hydraulic hoists 
hy which the grain distributed by the lower system 
of bands can be raised to the top of the warehouses ; 
and fifthly, of a number of smaller hydraulic cranes, 
jiggers, &c., for raising and lowering grain in bags, 
or other merchandise as may be required, This ma- 
chinery, which was designed and constructed by Sir 


* On 
tive view of the Liverpool corn warehouses, while on pages 
51, 70, and 88 of our ninth yolume we published a cone 
read before the Institution of Mechanical ineers by 
Mr. Westmacott, in which the hydraulic machinery for 
handling the grain is fully described and illustrated. 





8 of our sixth volume will be found a perspec- 





William G. Armstrong and Co., is all worked by 
hydraulic pre. and the arrangements are cha- 
racterised by much ingenuity and originality. It 
would be impossible for us to decribe the ar- 
rangements here verbally; but we may mention 
as a special feature in the appliances the employ- 
ment of wide bands of stout canvas and india. 
rubber for carrying the grain horizontally. The 
main longitudinal bands in the upper story are 
18 in. wide, and they are crossed by other bands, 
there being provided at each crossing place a 
“throwing-off apparatus” consisting of a pair of 
rollers so disposed on a canting frame that they 
raise the longitudinal band at one point and depress 
it a little further on. The effect of this arrange- 
ment is that the grain running up the raised part of 
the band is thrown off and falls on the cross band 
which conveys it laterally. Similar ‘‘ throwing-off 
apparatus,” but capable of being shifted along the 
horizontal bands to any desired position, is provided 
also for diverting the stream of grain into hoppers 
which convey it to the numerous shoots by which it 
can be discharged from the upper to any lower floor. 
The total length of the transmitting bands is about 
12,000 ft., and they run at about 500 ft. per minute, 
carrying the grain at the rate of 50 tons per hour. 

The Birkenhead warehouses, like those at Liver- 
pool, consist of three blocks, each 70 ft. wide, one 
eing 735 ft., and the two others 330 ft. in length. 
A portion of the blocks is set apart for silos, and 
the aggregate floor area for storage, including the 
quey floor, but exclusive of the compartment de- 
voted to the silos, is 53,199 square yards, or sufli- 
cient for the storage of 212,800 quarters of grain. 
The silos consist of sheet-iron chambers 6 ft. square, 
and made originally 42 ft. in height. 

The Birkenhead warehouses, like those at Liver- 
poe have five stories above the quay floor, the 
atter having a clear height of 16 ft., and the five 
stories above each a clear height of 10 ft. The 
height of the building to the top of the brick 
cornice is 83ft. 9in. Instead of being fireproof, as 
in the Liverpool warehouses, the floors are in the 
warehouses at Birkenhead of wood supported by 
cast-iron columns, They consist chiefly of 1} in. 
Baltic red planks, carried by Qin. by 3 in. joists, 
which in their turn rest on 15 in. by 14 in. yellow 
pine beams, Each beam supports 19 square yards 
of flooring, and it was found by experiments that 
the crippling load per bay of the flooring was 6] tons 
equally distributed, or 34 times the maximum work. 
ing load, In the construction of these warehouses 
there were used 9} millions of bricks, 3300 tons of 
stone, 137,000 cubic feet of timber, and 2316 tons 
of cast and wrought ironwork. The arrangements 
for handling the grain are of a similar character 
to those used in the Liverpool warehouses. 





Of the proceedings yesterday (‘Thursday) we can 
on the present occasion speak but briefly; but we 
shall deal with them fully next week. At the meet- 
ing held in the morning at the concert room, St. 
George’s Hall, the following papers were read : 
‘“‘On some Physical Changes occurring in Iron at 
High Temperatures,” by Mr. Thomas Wrightson, 
of Stockton-on-Tees ; ‘‘On the Progress of Iron 
and Steel as Constructive Materials,” by Mr. J. A. 
Picton, of Liverpool. Only the latter paper was 
discussed. For the afternoon two alternative ex- 
cursions had been arranged, one to the collieries 
of Messrs. Blundell, at Pemberton, and the works 
of the Wigan Coal and Iron Company; and 
the other to the printing and stationary works 
of Messrs. McCorquodale and Co., at Newton, 
and the works of the White Cross Wire Company, 
the Warrington Wire Company, and the wire rope 
works of Messrs. Ryland Brothers, at Warring- 
ton. For both these excursions free special 
trains had been kindly provided by the local com- 
mittee, while the members of the first excursion 
were entertained at luncheon by Messrs. Blundell, 
and those of the second by Messrs. McCorquodale 
and Co. In the evening the annual dinner of the 
members took place at the St. George's Hall, which 
had been kindly placed at their > shade by the 
Corporation. 

To-day, Friday, the programme consists of a morn- 
ing meeting for the reading and discussion of papers, 
and an excursion to Crewe in the afternoon to visit 
the works of the London and North-Western Rail- 
way Company, who have kindly provided a special 
train for the occasion, and who will moreover enter- 
tain their visitors at luncheon. With the visit to 
Crewe the meeting of the Iron and Steel Institute 
will be brought to a close. 
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Ir is to the friendship of our President that I owe the 
honour of addressing you on this occasion on the subject 
of dephosphorisation. Mr. Edward Williams has been 
good enough to ask me to prepare LoD gd on this interest- 
ing question, and I have prom’ to comply with his 
request. In thus deferring to the wishes of the President 
however, I fear that I have somewhat rashly committed 


myself. 

indeed, after the brilliant meeting in May, at which, 
both from a theoretical and a practical point of view, the 
most matured opinions on this subject were expressed by 
the most competent metallurgists of England, anything 
that I could add would possess only secondary interest. 
I therefore rely on my paper being well received, not 
through any interest it may possess, but rather on account 
of the kind welcome you are accustomed to extend to all 
foreigners who belong to the Iron and Steel Institute. 

In the problem of the dephosphorisation of iron and steel 
three essential elements must be taken into consideration, 
which are the following : 

1. The chemical composition of the cinder. 

2. The — gormate of the place in which the operations 
are performed. 

3. The atmosphere in which the reactions take place. 

Each of these elements may enter into the problem with 
a conventional sign, positive or negative, the positive being 
assigned to a basic cinder, a tah tomatoe, and @ re- 
ducing atmosphere, while the sign minus (—) will be that 
of an acid cinder, a less high temperature, and an oxidising 
atmosphere. . 

Now, according to the circumstances of the case, accord- 
ing to the apparatus in which the operation takes place, 
and the physical condition of the final product that it may 
be desired to obtain, one of these elements will enter as a 
constant, while the others will be variable. 

Stated in this manner, the question of dephosphorisation, 
in each of its special cases, may be, as it were, put in the 
form of an equation, and its solution sought in a methodical 
manner. 

I take as my first example the blast furnace. This ex- 
ample will perhaps appear paradoxical, because dephos- 
phorisation is not effected in the blast furnace. It is true 
that dephosphorisation does not take place; but, with the 
same ore, according to the conditions of temperature, may 
be obtained grey, mottled, white, or cold and spongy pig, 
with a content of phosphorus often varying in the ratio of 


to 1. 

Is it the basic nature of the slag that exercises a pre- 
dominating influence on these results, as the famous 
Berthier believed,t and, following this great master, the 
most competent professors have taught? No! it is the 
temperature. A high temperature, necessary to the pro- 
duction of very grey pig, with a calcareous slag, has the 
special effect, in the reducing atmosphere of the blast far- 
nace, of reducing the phosphoric acid combined with the 
lime or with the oxide of iron, it matters little, and of 
causing all the phosphorus to pass into the pig, without 
any trace of it remaining in the slag. When the tempera- 
ture diminishes, and when the weight of ore in proportion 
to the coke increases without the blast being colder, the 
pig passes from grey to mottled, from mottled to white, 
and from white to spongy ; the mottled pig containing less 
phosphorus than the grey, the white less than the mottled, 
and the cold spongy pig still less than the white. 

The slag becomes black, is charged with oxide of iron 
and also at the same time becomes more and more charged 
with phosphoric acid. Is it basic, however? Certainly 
not. It often contains more than 40 per cent. of silica ; 
and it is not when containing more of this substance that 
it is the less charged with’ phosphoric acid. The relation 
between silica and the bases is in this case only subordinate ; 
it is the temperature which plays the principal part. 

No doubt, as Dr. Percy SS remarked, it may be ad- 
mitted that the imperfect reduction of the iron causes the 
imperfect reduction of the phosphoric acid, or, on the other 
hand, that the pig is dephosphorised ee by 
da rep as it is formed—through the slag charged with oxide 
of iron. 

The experiment in dephosphorisation made by Mr. 
Lowthian Bell, in pouring pig iron through a thick layer 
of forge cinder, may serve to support my opinion. 

But Dr. Percy considers that manganese, like iron, is 
capable of retaining phosphorus in the slag, though, un- 
fortunately, this is not proved by actual experience. 

In the first place, the silicate of nese does not 
possess the refining power that the silicates of iron do, since 
it is in the state of protoxide that manganese is found in 
combination with the silica ; and the {proportion which is 
capable of passing into the slag may be very great without 
the temperature in the blast furnace ceasing to be very 
high; lastly, the cause of its passing into the slag is not 
necessarily a lowering of temperature, as in the case of iron, 
consequently the result cannot logically bethe same. The 
following is what I have learned by experience. 

When, in April, 1875, I began the manufacture of ferro- 
manganese in the blast furnace, I almost immediately ob- 
tained pig with 62 per cent. of ese. This was a 
good result, but the method was costly ; for not more than 
50 per cent. of the metallic manganese charged into the 
furnace was turned to account, and the remainder was 
either drawn away with the dust or passed into the slag. 

Thus the slag contained about 30 per cent. of oxide of 
manganese ; and this was a good occasion to prove whether 
it contained phosphoric acid, and whether the manganese, 

* Paper read before the Jron and Steel Institute at 
Liverpool. 

| Traité de la Voie Séche (Treatise on the Dry Method), 
vol. ii., pp. 271, 341, 342. See note at the end of this 
paper. 








be — that the manganese does not retain phosphorus 
in the slag. . 

Besides, however basic the slag, however great the 
uantity of lime it may contain, it can never take up the 
slightest trace of phosphorus. 

n the manufacture of rich ferro-manganese, with from 
80 to 85 per cent. of manganese, while the slag contains 
only from 20 to 22 per cent. of silica, and often more than 
40 per cent. of lime with other. earthy alkaline bases, all 
the phosphorus passes into the metal. 

Tt appears to me a that in the blast furnace, where 
thé third element of the problem enters as a constant with 
the positive sign, of the two elements which are present as 
variables, that which exerts the preponderating action is 
the temperature. 

My observations, which have, extended over five years, 
have been directed to the pig irons made in France at the 
blast furnaces of Lavoulte and Pouzin, with ores of uni- 
form composition ; and I have regularly found that coarse- 
grained grey pig contained about 0.6 per cent. of phos- 

horus, mot ig 0.38 to 0.4 per cent., white pig 0.3 to 
.32 per cent., ol cold spongy pig from 018 to 0.2 per 
cent. 

I am well aware that the same result does not appear to 
be borne out when melting with the crucible lined with 
brasque. My friend, Professor Akerman of Stockholm, the 
authority of whose opinion in all that relates to metallurgy 
is well known, has raised the objection that a silicious slag 
always retains less phosphorus .than a calcareous one, on 
the sameore being reduced in a crucible lined with char- 
coal, and both being raised to the same degree of heat. 

My reply is this: In an experiment of reduction made 
with a crucible lined with brasque, the reducing element, 
the carbon, is present in almost indefinite quantity, which 


is not the case in the blast furnace. Besides, the contact | 


of the pig with its cinder is sufficiently prolonged for the 
silica, uniting its action with the affinity of iron for phos- 
phorus, in the presence of an excess of carbon, to entirely 

uce the phosphoric acid of the ore. In the case of a 
calcareous slag, contact with the pig is less intimate at the 
same temperature, because the slag is less fusible; butif, 
instead of heating as for a silicious slag, the heat be in- 
creased or prolonged, all the phosphoric acid of the ore 
will also be reduced. 

Colonel Caron has phosphorised pig iron by keeping it in 
a molten state in a crucible lined with phosphate of lime. 
I have repeated this experiment in a magnesia crucible, the 
— of which was lined with phosphate of lime. By 

eeping 
two to three hours, at the highest temperature that I was 
able te obtain in a furnace aa! with a blast, by blow- 

with great pressure om plamhago obtai from a gas 
mm Ae I was enabled to incorporate with the pig nearly all 
the phosphorus of the phospate of lime. 

To sum up, in this particular case of the problem, in 
which the operation was conducted in a reducing atmo- 
sphere, and where, consequently, the third element is 
clearly determined with the positive sign (+), the dephos- 
phorisation is in inverse ratio to the temperature—the 
second element—whilst the degree of acidity of the slag 
exerts only a subordinate influence on the result, the metal 
por | equally pure, whether the slag contains 18 per cent. 
or 36 per cent. of silica, thus playing the part of inde- 
pendent variable. 

The problem is subject to conditions similar to those of 
the Catalan forge, in which the product is wrought iron 
instead of pig. 

In this operation only an imperfect reduction of the ore 
is obtained, and if the phosphate of iron can be ially re- 
duced at a low temperature (as phosphorus is generally 
present in ores only in the state of phosphate of lime), 
néarly all the phosphoric acid remains in the slag. Phos- 
phate of lime is, in fact, non-reducible by the combined 
action of silica and carbonic oxide ; and an intimate mixture 
of carbon and silica with seeamete of lime must be effected 
in order to set free the phosphorus and determine its com- 
bination with the iron under the influence of a high 
temperature. 

Moreover, if, in the Catalan furnace, the first part of the 
operation is reducing, the second is oe Daring this 
latter period, the oxygen is chiefly — by the cinder 
rich in oxide of iron; and its content of silica, which may 
vary from 18 to 35 per cent., exerts an influence on the 
last, but not on the quantity of phosphorus remaining in 
the final product. 

The direct method, which our illustrious colleague, Dr. 
Siemens, has endeavoured to revive with all the resources 
of his talent and his ingenious spirit, possesses a great ad- 
vantage, which is the obtaining of a pure product from an 
impure raw material. But the loss is the great objection, 
as it increases the quantity of fuel and labour required. 
did not follow the work of Dr. Siemens at Towcester, but 
I am acquain with the circumstances through a very 
— communication made to me by my friend Mr. 

olley. 

By means of ingenious appliances, the quantity of coal 
om | in the direct production of wrought _—s as well as 
the labour, had been brought within reasonable limits ; but 
the loss was considerable, and also very variable. I have 
had analyses of cinder which showed from 19 to 30 per 
cent of silica, and from 35 to 43 per cent. of metallic iron, 
with a large amount of ge genie Thus, with 28 per 
-. of silica, 2.24 per cent. of phosphorus.was found,in the 
cinder. 

There is no doubt that the ball, freed from its cinder by 
the squeezer, ought to yield a v pore iron; but the 
enormous loss was the subject of Dr. Siemens’ inves' 
tions, who a desirous of diminishing it, and 
rating the work by raising the temperature. 


grey pigiin a molten state in this crucible for from | 





sapesepnoetention is in this case in inverse ratio to the 


he American process of M. Dapuy is essentially a 
special and very primitive instance of the direct method 
but certainly one most appropriate to the prodaction of 
iron chemically pure. Bat at the price of what loss and 
what cost in fuel, labour, &c.? These points M. Dupuy 
has not yet accurately determined. 

To resume, so as to return to the synthetic idea which 

es me in writi Seige, thes istic of de- 
phosphorisation applied to 4 methods is the positive 

with which the third element enters as a known 
quantity into the problem. The operation is carried on in 
an atmosphere essentially reducing, the action of which 
varies with the intensity of the temperature ; a m 
temperature is required to obtain a metal free from phos- 
phorus; and the chemical composition of the cind 
which was desired to play the — ipal part, only exerts a 
very secondary influence, and frequently none at all. 

he second example of the problem of dephosphorisation 
applied to methods in which the third element enters as a 
constant with the sign minus (—), that is to say, in which 
thereactions occur in an oxidising atmosphere, presents as 
many special cases as the former; the types, are, how- 
ever, easy to distinguish. Pig iron is the starting-point in 
every case; but the result may be a soft metal, solid or 
liquid, or a carburised metal freed from the other metalloids 
which entered into the composition of the pig. 

The manufacture of wrought iron by refining the pig is 
conducted in the refinery, then in the reverberatory 
furnace heated with coal, and lastly in the rotary furnace. 

The tendency of all the improvements has been to render 
more intimate the contact of the refining substance with the 
molecules of pig to be transformed into wrought iron; and 
when the operation is said to be conducted in an o: idiai 
atmosphere, this is a conventional mode of speaking which 
is wanting in correctness, especially when applied to rever- 
beratory and rotary furnaces. .” 

The e of a furnace which heats is always oxidising, 
because carbonic acid predominates. With a fuliginous 
flame, charged with hydro-carbides and carbonic oxide, 
neither heating nor reduction takes ° 

In the puddling furnace, for instance, the quantity of 
carbonic acid is in » at a particular s of the 
operation, by means of a strong draught. ‘The flame 
becomes white and the heat more intense; but I do not 
think that the refining intermol: action is much in- 
creased by the oxygen of the flame. 

It is not so easy to maintain the constancy and permanence 
of an oxidising intermolecular atmosphere, which is, in this 
case, the constant of the problem, as it is to vary in a 
grester or loos degree the aetign the rednei gat bh 

+ ia, therefore, a little hazardous to affirm that the de- 
a cruel 1s inthis case in direct ratio to the tem- 
perature. 

However, no maker of wrought iron will deny that, with 
a given pig, the resulting iron is so much better in propor- 
tion as it has been obtained at a higher temperature ; 
and the lessons learned from numerous chemical investi- 
gations which have been made on iron at different stages 
of the  Aageoerny of puddling may thus be summed up : 

1. Take care to reject the first cinder which forms during 
the melting of the pig; this cinder takes off about half the 
phosphorus. ‘ 

2. Add a pure refining cinder, and effect its intimate 
contact with the pig by some mechanical means or other. 

8. When the iron comes to re as hig a renew the 





cinder, and keep the temperature as as possible in 
order to form the balls in a very fluid cinder which runs off 


easily. 

The chemical composition of the cinder exerts a direct in- 
fluence on the dephosphorisation ; it must be basic, with a 
little manganese, if n be, to increase its fluidity, but 
especially basic, owing to the iron. 

The temperature acts in direct proportion with its inten- 
sity. Lastly, by turns of the hands, by mechanical means, 
and especially by the skill and care of the puddler, the 
constancy of the third element with the negative sign must 
be insured, that is to say, the refining intermolecular action 
must be maintained. In the and Howson furnaces 
this last result has been obtained, and, when the tempera- 
ture is sufficiently high, the problem of dephosphorisation 
has been completely solved. 

The introduction of manganese facilitates the ae off 
of phosphorus in puddling, but its action is of a 
chemical than a physical nature. At the temperature of 
the puddling furnace, a pig iron containing from 3 to 4 per 
cent. of manganese, and from 3.5 to 4 per cent. of carbon, 
melts but slowly. Falling drop by drop on the bottom in 
the form of oxidised lumps, its con with the refining 
substance is established ; so that, during its passage from 


I | the solid to the liquid state, it often loses three-fourths of 


its phosphorus, and at the same time the greater portion 
of its manganese and silicium. This is a fact proved by 
numerous experiments. Besides, the cinder which is 
formed, saturated with } yon 4 of manganese, is very 
fluid and not refining. nearly all the silica present is 
neutralised by the manganese, it teat the oxide of iron to 
persed cag ag wer in acti * yee conmenens 
remaining in pig iron, is to say, near e 
carbon, and slight quantities. of sendin, pom Pong and 
phosphorus. 

There is, if one may be allowed the expression, a mass 


action. 
The bath of cinder, which, on account of its extreme 
fluidity, keeps the metal constantly covered, diminishes 
the loss of heat by radiation ; the reactions then take place 
ata higher temperature, but at the same time more slowly, 
because contact is so much the less intinade betwen the 
pigiron and the refining substance in proportion as the 


























254 ENGINEERING. {Sepr. 26, 1879. 
fluidity of the two is greater. The result of this is, nota] iron at the moment the spiegeleisen is added. At the ARCTIC EXPLORATION.* 
great loss, but a waste of time which shows itself in a high | next m I may perhaps able to give some expla- By Joun P. Cozynz, Commander R.N. 


ce. 

To it not the most judicious course, in continuing the 
operation after the fusion of the pig, to reject the first 
cinder charged with phosphorus, and to refine with fresh 
CA 
fluidit ing up res manganese in the pig 
For = own part, I shall never rely on the irreducibility of 
shoeghete of manganese in the presence of any quantity of 
silica, however small it may be. In support of this, I 
venture to te a recent experiment of my own. In a 
crucible lined with a mixture of lime and blue billy (four of 
lime to one of blue billy, which contained oy 5 per 
cent. of silica), I had melted 200 grammes of spiegel hav 
8 per cent. of manganese in contact with 27 grammes 0! 
phosphate of manganese. I raised the temperature just 
sufficiently to cause fusion, and then ran the spiegel into 
asmall ingot mould. It had not lost weight, but had 
taken up 0.7 per cent. of phosphorus. If all the phosphate 
of man had been reduced, the spiegel should have 
contained 2 cent. of phosphorus ; but there is no doubt 
that, if the Pasion had been continued, this result would 
have been obtained. 

A thin la: of cinder, which has not been analysed, 
formed on the surface of the metal. . 

Gentlemen, I have nearly concluded the task which I 
have imposed upon you in ing to me. [I will not re- 
commence the criticism of the Lowthian Bell, Krupp, and 
Thomas-Gilchrist processes that I made in France before 
the Société de I’Industrie Minérale, and which has been 
translated—rendered into English, if I may so express 
myself, through the good offices of our President, Mr. 

iliams, whose kindness for his friends is inexhaustible ; 
but I should like to make a few explanations on two points 
which I will recall to your memory : 

1. The office of manganese in Krupp’s purifying pro- 


cess; an 

2. The office of silicium in the operation of dephosphori- 
sation in the converter by the method of our young col- 
leagues Thomas and Gilchrist. : 

In the first place, I did not understand why Mr. Lowthian 
Bell has not introduced the action of manganese into his 
system of purification, while Herr Krupp makes it play 
the principal port. In both cases, excepting the apparatus, 
everything takes place in the same manner ; and the results 
obtained by Mr. Bell are at least equal, if not superior, to 
those of Herr Krupp. Therefore wh this difference ? 

The use of a manganiferous ore for lining the furnace 
must be costly. If we suppose this ore to contain from 
4 to 6 per cent. of bioxide of manganese, this bioxide will 
certainly yield a larger quantity of oxygen than an equal 
weight of peroxide of iron; but will the rapidity of the 

tion be increased to such a point as to compensate for 

Te may also be admitted that the object of th 

ma, at the obj i) @ Mangancse 
is to calasehe the silica of the ore, as well as that of the 
silicium of the pig, in order to allow the oxide of iron to act 
upon the phosphorus alone ; but as to the greater fixity of 
the phosphate of manganese, [ do uot understand its 
action in this special case. 

Herr Bender, who is one of the inventors of the Doge 
has doubtless good reasons for defending it, and, if he be 

resent at the meeting, now is the occasion for him to make 
them known, and thus redeem the promise that he made 
us in London last May. 

ln my opinion, silicium plays the principal part in pro- 
cesses for the purification of pig iron. The operation lasts 
so much longer without the car' 

portion to the eg: of silicium present ; and from 

he longed oxidising action on the phosphide of iron 

should result a more purified metal, without much in- 

oun the loss, because silicium is a reducing agent of 
oxide of iron. 

If the cinder be manganiferous, it will be more fluid, and 
will preserve the pig from the oxidising action of the flame, 
though not in i refining. Here are some advantages ; 
but I see no absolute necessity for them, and I consider 
them too dearly —— 

I desired to introduce this action of the silicium into the 
converter during the first stage of the Thomas-Gilchrist 
operation of dephosphorisation; and my hypothesis has 
been found either inadmissible, or so full of truth, that 
some persons have app: ted and patented it. I do not 
feel flattered at either of these two modes of treating my 
ee ; but the former, if less polite, is certainly more 

onest. 

If my hypothesis be regarded as incorrect, it is open to 
denen ; and, in the words of the celebrated ch 
physician, Clande Bernard, I will reply that ‘‘ hypotheses, 
even incorrect, are useful as leading to discoveries in ex- 
perimental science, and it is a necessity of our mind to be 
able to arrive at the truth only by passing through a multi- 
“ ~ h shesis ted by th bable f 

my hypo » represen the pro curve 0! 
phosphorus, be not realised rae A the itions now 
a for the Thomas-Gilchrist method, 


cium in paths bm that of phosphorus, and by adding a 


sufficient quantity of blue billy, 20 per cent. of the c , for 
instance, of a mixture of three of blue billy with one 


to 
having less 0.2 per cent. of , I think that 
this is certain. Mr. Richards has modified his 
et ae nine , but at any 
cin, 


rate he avoids the difficulty of reducing the phosphate of 


n being attacked in direct | py 


. | in hand, and proposes 





nation of other means to be adopted for attaining the same 
° 


he opinion I have expressed, that, with Siemens or 
Pernot furnaces provided with a basic fettling, the de- 
phosphorisation of soft metal could never be practically 
effected, has been strongly attacked. 

In fact, what is the ore process? Is it not a complete 
refining of the pig, its transformation into steel by the 
oxygen contained in the iron ore? If the silicium and the 
carbon are oxidised, why should not the phosphorus be so 
too? My reply is: Metallargists who have practised the 
ore process, the principal of which is due to our illustrious 
and colleague, Dr. Siemens,* are aware that there 
are great difficulties to be overcome in order to obtain, by 
means of ore alone as the refining substance, a soft me 
containing less than 0.2 per cent. of carbon. The duration 
of the egenation, the loss, the quantity of ferro-manganese 
to be added, are found to be increased beyond all reason- 
able proportion ; and, moreover, the metal obtained is run 
with difficulty. 

The ore process is used, in the ordinary course of manu- 
facture, more in the case of rails ; a metal is obtained with 
a content of 0.35 or 0.45 per cent. of carbon, which is de- 
oxidised in the ladle by means of a more or less rich ferro- 
manganese. Is it possible to dephosphorise under these 
conditions? And with 0.4 per cent. o' nm can one 
content with a — dephosphorisation, and leave 0.2 to 
0.3 per cent. of phosphorus in the metal? No. But the 
observation has been made to me that if we by de- 
mee | the pig iron, ran out the cinder directly the 

ecarburation begins, and finished the operation with the 
ore, the scrap, or the blast, we might succeed in obtaining 
a soft metal free from phosphorus. 

All this is very complicated, and Dr. Siemens himself 
will acknowledge that this is no longer his simple method. 
It is a mixture of the Krupp and Forno-convertisseur pro- 
cesses; and if the Krupp process now appears to possess 
some advantage on account of its rapidity of action, if 
the refining bottom of oxide of iron be suppressed, and 
superseded by a basic fettling, the most evident advan- 
—_ of the process is lost, that is to say, its rapidity of 

ion. 

It must be acknowledged that imaginations have been 
ay up to the most extraordinary conceptions during the 
ast few months; but what will be the upshot? In my 
opinion, nothing better than what we have seen at Eston. 

Terrenoire, August 14, 1879. 





Note.—In his treatise on thé dry method, Berthier says, 
vol. ii., p. 276:—‘‘It is generally advisable to introduce 
into slags the greatest proportion of lime which they can 
admit without ceasing to be very fusible, because this 
eurth tends to remove anlphur and phosphorns from the 
iron, to form sulphide of calcium and phosphate of lime.’’ 
And farther on, p. 341, he adds: ‘* When, therefore, a 
trial has to be made or a phosphoriferous ore has to be 
treated on a large scale, it is advisable to add as much car- 
bonate of lime as the slags can take up without diminishing 
their proper amount of fusibility.’’ 

Reference may also be made to the two Pe phs bear- 
ing the titles ‘‘ Phosphate of Iron” and ‘‘ Phosphate of 
Lime.’’ They are both contained in pages 340 and 341. 
Berthier believed in the possibility of eliminating the 
phosphorus by a slag charged with lime. He even returns 
to the subject at page 342, in connexion with ferruginous 
rites. e says : 

** When pure iron ores are heated with pyritous fuels, or 

yritic ores with any kind of fuel, it is essential to add the 

t proportion possible of carbonate of lime, in the 

same way that we have just seen should be the case when 
smelting phosphoriferous ores.”’ 

It is not astonishing that the authority of such a master 
should have served as the basis for teaching a method of 
dephosphorisation proved erroneous by our present means 
of investigation, brought to greater perfection. 

In the year 1873, at one of the principal mining schools 
of France, it was generally taught that phosphoric ores 
containing phosphorus in the state of por will be bad. 
When there is phosphoric acid in the flux, and consequently 
in the state of phosphate of lime, there will be a chance of 
the phosphorus passing into the basic slag. However, if the 
fuel contain phosphorus combined with iron, the p horus 
will pass into the metal. The phosphorus will be divided 
between the slag and the metal according to the respective 
quantities of aan of lime and phosphate of iron con- 
“ee heen t th f 

y, a few years ago at the meeting of the Ingénieurs 
Civils of the 7th May, 1875, M. Lancanchez said thet “in 
order to reduce toa minimum the quantity of phosphorus 
that might be contained in Moselle pig iron, it was 


necessary 
‘| to have a very hot working, due to the blast at a tempera- 


ture of 500 deg. to 600 deg. Cent. (9382 deg. to 1112 deg. 
Fabr.) and a very basic ; teak te te ane, Weep oo 
ae and yet made very fluid through the very high 
ure. wm orek . 

. Lancanchez, on the 7th August, 1874, at a meeting 

of the Civil Engineers, again form the same theory, 
without raising objections from any member present. 





VicToRIAN RaILways.—lIn consequence of a failure on 
the part of the contractors for the construction of that 
os of the Gippsland Railway between Oakleigh and 

th Yarra to finish the line in the specified time, the 

Victorian Railway ,Department has i taken the works 

to complete them with day labour. 

A writ to recover has taken out against the 
department by the contractors. 


* Réaumur made steel in the crucible with a mixture of 
pig iron and ore. 








In presence of a highly scientific audience I will not 
waste valuable time by dwelling — former Arctic dis- 
coveries, but will merely mention t Alfred the Great, 
the founder of the British Navy, carefully recorded and 
preserved the account of the first Arctic whaling voyage 
undertaken by Othere about the year 890, evidently eye | 
the enterprise in a light ing upon the foundation 
peehpes. a of England’s naval power ; that Nelson com- 
menced his great career by sailing in company with Cap- 
tain Phipps on his voyage towards the Pole in 1773, when 
they reached latitude deg. 48 min.; that Captain 
Cheyne, a member of my family, about 1776, reached lati- 
tude 82 deg. ; that in 1818, Beecham and Franklin reached 
80 deg. 37 min.; that Parry, in 1827, reached 82 deg. 
45 min. ; that the Austrian expedition, in 1873, reached 
82 deg. 5 min.; that Hall, the American, in the Polaris, 
reached 82 deg. 16 min. in 1871; and that, in 1876, Captain 
Markham, in Sir George Nares’s expedition, reached with 
his oo See parties, the latitude of 83 deg. 20 min., 
the highest latitude yet attained, though only 35 miles 
further north than Parry had accomplished 50 years be- 
fore, without the more modern appliances of steam, gun- 
powder, and improved travelling sledges and gear, as also 
without the ~ ae gained in the course of the great 
Franklin search. 

Baffled we have hitherto been in all attempts to reach the 
North Pole, but beaten, no! not whilst true English blood 
courses in our veins. Having asserted this most emphatic 
negative, to even the idea of defeat, let me place before 
you the plan, dictated by my pp ene for averting any 
such national humiliation, and 1 cannot place such before 
7 in a better light than’ by reading the following, which 

hope will be generally cirealated theonghouh the British 
press. 

Proposed British Public Expedition to the Arctic Regions. 

In view of the north-east passage completed by Sweden, 
and the entry of other nations into the arena of Arctic ex- 
ploration, England must decide atonce as to whether she 
intends continuing her honourable career in phical 
and scientific discoveries, thus sustaining her rightful 
position in the north, or otherwise assume an apathetic or 
spiritless attitude in the very face of other expeditions, gone 
and going forth, to maintain the glorious struggle for 
eventual success. 

The period of comparative repose is past, when we could 
afford, after being beaten back, to wait twenty years ere we 

in launched another expedition. Men of various nation- 
alities are too eager and active on the high roads leading into 
the immediate future, and science is being too energetically 
pursued, for us to remain in our present comatose condition, 
tampering with a great eT the success of which 
must redound to the glory of winner for all generations. 

At the present juncture, the practicability of reaching 
the North Pole being clearly defined in my mind, according 
to the light of a somewhat extended experience within the 
Arctic circle, I feel it nothing less than a positive duty to 
carry on, with all the power I may possess, the self-imposed 
task on whichI am ¢é ; and which was commenced 
on the very day upon which the telegram was published 
announcing the return of Captain Nares, with news of the 
Pole not reached. 

It is with great satisfaction that I am able to record the 
steadily increasing interest evinced by the public towards 
a renewed attempt for bringing this venture to a final 
success, it being admitted by all and enthusiastically sub- 
scribed to by a great majority of forty-nine established 
Arctic committees, representative of different cities and 
towns, that Great Britain stands committed to the work, 
more especially as renewed action will be in concert with a 
similar undertaking by other nations. Hitherto we have 
been baffled, but, with resolution, perseverance, and the 
resources at command, we can yet avert defeat and corre- 
sponding humiliation. 

Finance.—Total cost of expedition to be 30,0001. for 
adequate equipment of one suitable steamer with stores, 
provisions, and wages for three years, balloons and gas 
apparatus as supplementary stores, and contingent 


expenses. 

‘That this said sum be collected throughout the United 
Kingdom by means of representative Arctic committees in 
the various centres of population, such committees having 
conveners, treasurers, and secretaries duly appointed ; that 
the money so collected by voluntary elewigiinee be 
properly banked, and an accurate register made and pre- 
served, by each committee, of the names and addresses of 
subscribers and of amounts in addition contained in general 
a boxes, such boxes being placed under responsible 
control. 

That central committees be organised in London, Glas- 

w, and Dublin, for England, Scotland, and Ireland—the 

ndon Central Committee being already started—and, 
that if needful, Canada be asked to join the movement. 
Substantial subscriptions are already promised by gentle- 
men, independently of these committees, when once the 
enterprise takes a more active form. 

That, notwithstanding the recent conversion of H.M.S. 
Discovery into a store ship, yet she is the most eligible 
vessel for the service, with certain im t alterations 
that I should require, the drawings expense of which 
have been gone into and estimated. I propose, therefore, 
that, at the proper time, Government shall be asked to lend 
this ship for the purpose, but that in case such public re- 
quest cannot be granted, still the general estimate named 
will not have to be exceeded. 

That many of the stores brought home by the last expe- 
dition will be available, subject to Admiralty permission. 

Projected Rowte.—Having roughly sketched an outline 
of finance, I will now deal with the projected route. I 

* Paper read before Section E of the British Association 
at Sheffield. 
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propose that, if the necessary funds be collected in time, 
and the ship be properly equipped for a scientific, as wellas 
discovery voyage, we shall leave these shores in May, 1880, 
to Disco, fill up with coal, and embark a couple of 
squimaux, dogs, &c. ; that then, passing through Melville 
Bay, we should run up the open water of Smith’s Sound to 
ascertain the state of the ice therein, which information 
ined, we should next proceed up Barrow’s Strait and 
ellington Channel. In case of an ice block, possibly 
occurring for a few days, time would be allowed for sending 
up a.working balloon, of a size suitable for lifting two 
persons, for the purpose of ——— the state of the ice 
and open water, not only in Wellington and Queen’s 
Channels, but also in Jones’s Sound and Belcher Channel, 
taking advantage of the most open of the two for pushing 
our way into the, as yet, unknown polar sea, threading a 
course as nearly as possible N.N.W., north withal, so 
as to get to windward in the circumpolar current setting 
to the eastward, thus avoiding lee shores and shoal water, 
which latter is the true cause of the accumulation of heavily 
piled up ice. The first winter would, I trust, be passed in 
a favourably high latitude, where pendulum and generally 
scientific observations could be regularly carried on, many 
of these being taken at certain hours of Greenwich mean 
time, in concert with corresponding observations con- 
ducted by other expeditions wintering in various parts of 
the Arctic regions. 

Spring Sledge Parties.—The accustomed autumn depét 
work having been executed, the spring travelling parties 
would start with their sledges about the 30th of March, the 
general state of the ice having been previously examined by 
a partially captive balloon, of the aforesaid small size, 
provided it be found to do its work at the then low tem- 
perature of 17 deg. below zero, as per mean of the last 
week for March in Port Leopold. 

Balloons to the North Pole.—In progressive order I 
come to,this novelty.in Arctic exploration, a stumbling-block 
to some, but freely accepted by the forty-nine established 
Arctic committees ; however, a certain amount of opposi- 
tion will do good, inasmuch as the demerits being arrayed 
against us will afford a more ready means for strengthen- 
ing weak points before leaving England. Steam, electricity, 
and other agents had their opponents as balloons have 
now ; but tothe point of order. First, I wish to impress 
upon the minds of your readers that balloons must be 
looked upon as a lifting power, and that for direction, they 
must be committed to the curve of a certain wind circle— 
no machinery, no driving or steering. And let me re- 
mark that when a great object is to be achieved, difficulties 
must be faced and overcome, and all risks undertaken, else 
where the glory? During the first week in June, three 
large ballons would be inflated, each having a —— of 
$2,000 ft. of nearly pure hydrogen, equal to the lifting 
power of a ton weight, the three in combination liftin 
3 tons, details of which were published in England an 
Scotland a few days ago, and are therefore generally known. 
These balloons with their sledge party, dogs, stores, instru- 
ments, and 51 days’ provisions, would then start on the 
curve of a previously estimated wind circle, keeping at a 
normal elevation of 1000 ft., the Pole being probably reached 
within 30 or 40 hours from the time of leaving the ship’s 
winter quarters, it bei remembered that necessary 
travelling equipments, with provisions for 51 days, are 
always ready for emergency. The Pole would then be sur- 
veyed in its immediate rye! according to the time 
available and surrounding facilities. I believe, with the 
late Dr. Petermann, that the Pole is in the midst of a 
vast archipelago of islands, my observations of the general 
land formation in those regions ee ees ef imbued me 
with this impression. Sledging w thus be practicable, 
and ballooning cause less anxiety than in the case of a 
continuous frozen expanse of sea. 

Further Progress.— By no means would it be desirable 
to return by the same route, even after the discovery of the 
Pole, which would be a barren result comparatively to what 
a lawful ambition would lead me to prosecute, therefore I 
should have left no depéts in view of retreat. The various 
parties having returned to the ship, we should break out of 
winter quarters, presumably in August, and bend our course 
round the north of Greenland ; if beset in the ice, driftin 
with it to the eastward, out a second winter, I woul 
hope, off the north-east coast, having thus the advantage 
of a second winter’s set of observations, an opportunity of 
determining the northern boundary of Greenland, and 
notably, the set of current with soundings and deep sea 
temperatures. After the travelling work of the second 
spring and summer, we should look forward to our emanci- 
pation during the autumn, breaking out again from winter 
quarters probably in July, and pushing our way to the 
south east, emerge into general open water between Green- 
land and Spitzbergen, returning to England with a rich 
store of information, dissipating present ignorance of this 
yet unknown icy realm ; and, especially by means of hydro- 
graphical, meteorological, and magnetic observations, con- 
tributing to a greater security in life and property at sea. 

Reasons entertained for Success.—My o ations of 
the ice at the head of Queen’s Channel, verging upon the 

nown, in connexion with an estimated set of current 
to the eastward, round the margin of the polar basin, 
afford me great confidence in a successful issue of the 
enterprise ; the ice being of an ordinary nature with that 
encountered in Barrow’s Strait, tending to show that the 
pack enjoys an even flow in deep water, whereas the water 
at the head of Smith’s Sound is shoal, grounding the ice 
floes, driven thereon by force of wind and current, piling 
them up layer upon layer in chaotic masses, thus givi 
rise to the new Arctic term of “ ee whic 
grounded ice, as experienced by Sir George ares, I hope 
to pass well to the northward of, during the second 
season's navigation on the track between our first and 
second winter uarters. The ice to the southward, down 
Peel Sound an: Franklin Channel, and generally off the 
north coast of America, is of the same heavy nature as 








that at the head of Smith’s Sound, shoal water and an 
im ice flow being in both cases cause. 
ant of time forbids my dealing with this subject 
as I find possible in my illustrated lectures thereon, 
so let it suffice to say that deep water, a weatherly 
position in the polar basin, relative to both current and 
shoals, and the use of balloons, together with a determined 
resolution to persevere in utilising every means for prose- 
cuting the enterprise, constitute the principal reasons 
entertained by me for success. 
Appeal to the Country for Concerted Action.—Firstly, 
I ask the established Arctic committees to kee i 3 an 
unswerving interest and spirit in the cause, not doubting 
my part of the work being steadily advanced, requesting 


not to let the appointments of conveners, treasurers, or 
secretaries become accidentally vacant, and in the mean 
time to render effectual aid by engaging the warm ad- 
vocacy of the local press. 

Secondly, I appeal, with all earnestness, to such noblemen 
and gentlemen of influence, who may feel inclined to join 
the central committees of London and Glasgow, that t 


will kindly communicate with me on the subject, and-I may | 8% 


state that since the publication of my last letter, an an- 
nouncement has been made to me by a firm in Glasgow, 
offering their services and the use of their offices for the 
establishment of a central committee for Scotland, the name 
only | until I receive necessary authority to 
publish the same. The recent addition to the London 
Central Committee is a Fellow of the Royal Society, but I 
have not yet sought authority for making public the names 
thereon. Though not baving yet deliv any lectures in 
Ireland, it can hardly be premature to, at once, ask our 
sister isle to join movement, with a view to the 
organisation of a central committee in Dublin, wth other 
local committees to follow. 

Conclusion.— Day after day, in London alone, large sums 
of money are scattered broadcast, with no idea of credit or 
profit resulting therefrom ; it is not therefore much to ask 
from the whole of Great Britain a sum of 30,0001, to carry 
on a work, alike beneficial to science and prestige, conducive 
to a greater saf for our vast mercantile marine, and 


a maintenance of that spirit of national enterprise, which, | oper 


in generations past, erected the pillars, on which, proudly 
stends Englant’s Temple of Famé. Volunteers tor, the 
expedition are in the field, and be it noted, we do 
not ask to be sent out, but to be allowed to i await 
additional communications from ladies as well as gen’ 
men, who may be willing to assist in realising Eng 8 
position in the north. 





THE CONSOLIDATION OF FLUID STEEL.* 
By Atrrep Davis, Westminster. 

THE difficulty of obtaining solid ingots under the ordinary 
syetem of casting in the Bessemer and Siemens process has 
induced several methods of applying pressure to the metal 
whilst in a liquid state. 

Sir Henry Bessemer in 1856 took out a patent, under the 
title of ‘‘ Manufacture of Iron and Steel,’”’ in which he 
proposes to use a hydraulic press as a means of condensing 
the ingot whilst in a semifluid state, and for which purpose 
he states a strong slide or cover must be made to close the 
mouth of the mould during the process. 

The plan adopted by Sir Joseph Whitworth has been for 
some time in successful o m, and the process of hy- 
draulic compression has been practised at the works of 
Messrs. Revollier, Bictrix, and Co., France, and at the Neu- 


A ey mk 
r. B.N. rop, a plan for ing the 
Gnid shecl into a eloced fegot moeld. The three lant 


stems are fally illustrated and described in the pages of 

NGINEERING, a 6, 1875, and October 8 of the same 
—— are probably well known to the members of this 

The system which the author pro to degcribe is the 
invention of Mr. H. R. Jones, of the Edgar Thomson 
Steel Company, U.S.A., and is now in constant operation 
at the works of that company near Pittsburgh. 

_ The process is a very inexpensive one, and consists in 
simply admitting steam at a high pressure to the top of the 
ingot mould immediately after the metal has been poured. 

A steam drum or receiver, communicating direct with 
the boiler, is fixed, for the sake of convenience, to 
the {side of the ingot crane. This drum has a number 


of cocks corresponding with the number of the moulds. absorbed 


India-rubber pipes are provided to conduct the steam, one 
end of the tube} being permanently fixed to the drum, and 
the oe by means of a coupling attached to the lid of the 
mould. 
_ The aoonmpenaiog drawings show the construction of the 
ingot moulds and attachments.t 

he base-plates upon which the stools rest are secured to 
a good foundation, and the stools are accurately fixed in 
position on the are of a circle having the post of the ladle 
—. as a ape This is rege Fog os ssobing in and 
out the ladle when pouring. e 8 ve projecting 
ribs to fit the base-plates, and heavy lugs to which the 
moulds are clamped. 

The ingot mould has at the upper end a cone seat accu- 
rately turned, upon which the pouring cup rests, and which 
afterwards receives the lid, which is secured in position by 
my th vont he cup is oved and th 

is the cup rem e 
lid (with coupling and flexible ips “athached) substituted ; 
the cone seat forming a steam-tight joint. 

In coupling up the steam pipe, a shorter time is occupied 
than by the old method of filling up with sand. 


* Paper read before the Iron and Steel Institute at 


my y 
+ For illustrations of these moulds and attachments, see 
ENGINEERING, page 84 and 85 ante. 





steam a cylindrical boiler is used 30 in. 
ft. long, and constructed to carry a pres- 
per square inch, although in practice a 
ter pressure than from 80 lb. to 150 1b. does not appear 
be necessary, the higher pressure being used for mild 


The result obtained 
at the Edgar Thomson 


the application of this 
rks has proved completely suc- 


orks, with a 14-in. ingot reduced to 
a bloom of 7}in.+7}in., it was necessary to cut off from 
30 in. to 36in. of the bloom in order to arrive at a part 
free from piping, whilst under this 
free from porosity, and are turned 
them to strenghen any weak points in their organisation, | top 


he ingots are 
ith a perfectly level 
A careful series of experiments has been made in order 
to ascertain the difference between an ingot cast in the 
i way and one under steam pressure; and it bas 
und that the latter with the same quantity of metal 
from the ladle is from 14 in. to 2in. shorter than 


1878, when this process was first adopted, a 
r cent. was effected over the p' he 
method was in use ; that is to say, what in the year 
1877 was scrap in the year 1878 was sound steel. 

In addition to the consolidation of the ingot, there are 
several other advantages in this system. It is found that 
the steam, acting upon the end, cools and i 
seals the top of the ingot, and enables the men to deal wi 
it ten minutes earlier, without any fear of bleeding; and 
this allows the ingot to be conveyed to the reheating fur- 
nace with greater rapidity and in a hotter condition than 


It is also found that with the use of steam the ingot 
moulds last better, the average - 1879 bemg 95 ingots, or 


ould. 
by Sir Joseph Whitworth at the meeting 
i om in Manchester, July, 1875, 
several theories were discussed as to the effect of compres- 
sion on fluid steel, and alth 


nearly 112 tons of 


h the result was 
, the subject was 

before any solution had been arrived at as to the modus 
diseussion several speakers were of 
opinion that the gases were not forced out, but merely 


meaty Soe i small a space 


that the soundness of 
accounted for in the 
the metal running into the mould 
on its outer sur- 
the natural contraction of the interior 
cool must leave vacuous pores if 
ay; but that the com- 
time that the outer sur- 


ayy Saale 
ulsion of the gases under his s 
compression, and it would be interesting to know the views 


ct. 
that the result might be accounted 


mstance the 

first on the outside of the mould, offered more 
there to the motion of the plunger, and the outside becom- 
ing thus, comparatively 
portion in the centre received a larger amount of compres- 
sion than the outside, which had more powe resistin 

cles of gas en within the 
refore encounter ra‘ 


towards ide, 
being ar to the ~ yr of the 
oy ay a og 
0. ex, m from a - 
Kladno Steel Works, Austria, in reference to 
the consolidation of ingots compressed under the steam 
peared in a recent number of a scientific 


jo : 
‘** The liquid steel has, like other metals, ¢.g., lead, the 
ty of absorbing gases, and the more 
ratare. On the other hand, these ab- 
ill come out of sous ba perme pe 
setting s 
under 


but it is otherwise when liquid 

nfluence of high pressure; then the 
gases remain in solution li i 
well-bottled soda-water, for example, and any formation 
of bubbles will become impossible at a pressure of over six 


compressed, and 


afterwards becomin; 
allowed to cool in t 


Dr. Siemens observed 


, porous while the finid 


osp ; 
The method of steam compression described in this paper 

ly adopted at the works of Messrs. Bolckow, 
Vaughan, and Co., and although permanent arrangements 


lished to confirm the statements of our Transatlan 
riends, and to justify the expectation that under this 
a result is gained equal to 


that obtained by the cos elaborate systems of com- 





AGRICULTURAL IMPLEMENTS.—In Russia, up to the 
t time, there are 205 works 
machinery. 
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FOREIGN AND COLONIAL NOTES. 
_ Artesian Well Boring in San Francisco.—San Francisco 


1567; in Tasmania, 754 miles; and, finally, in New Zea- 


financial troubles have, no doubt, largely contributed 
land, 3307 miles. The aggregated tel ph mileage for 


othe dent death of a man whose great qualities more 











supplied with water ride artesian wells, of which, 


egra 
the seven colonies was thus 23,607 miles. It ae from 
a or a of Sir Henry Parkes toa question from Burns 


than a passing notice. 


it is , there are not less than 200 in the city. While in =. 

A and elsewhere it has been noticed that the supply | tive Assembly of New South Wales, that a Port Dock Compe a = * pa a Fad oe Pons was 
of each well decreases “tw obec has wot boon observed e contract or the duplication of the cable from Si re to | tion of as i od the dock enteenen to an American 
number of wells, = lect has not been observed in | Port Darwin was in London on May 9, an t the | Tron Tare The general design of the structure i xn on 
San. Francisco. of the San Franciscan artesian | reductions in the c for the transmission of messages | the American onteak chow! + 

wells the water la renched ‘sh. © very ounll depth. "One of | botwoun London and Port Darwin were to take effect from tttin “and with the main ties 


braced at top and bottom, and 


the hotels is supplied by a val 88 ft. deep. Another has a| that date. The reductions are in terms of the fifth clause securely 

well 60 ft. — turnishin anf of water per day. | of an agreement approved in November last, in the sha = cabo pad hmtager yt by wit th of rs oo. 

A candle factory has a Sil 168 ft. deep, which gives a , of “‘ a rebate on Government messages to the extent of Bo the floor beams and roadwa: which a cod. 

supply of 10,000 gallons per wspaper has | per cent., and on press m to the extent of 75 | The bridge is to swing on a centre pivot at the south sid 

been re up e building, | ton ich ~ ~—t 7 well is being | per cent. » over the li of the Eastern Extension Com- | 5¢ the dock caleaan a. t piv “safe, og a 
which is ex to suppl. ons per day. | pany. But the concession is not to be made to any colony crossing the canal, om Pe sh AF on: oom, | - Pyne] 

— re for the large number of artesian wells in the other than such as may contribute towards the subsidy. with 60 tons of counterwei ht to balance. the turning 


city has been the severe rates charged for water by the 
corporations through which the city has received its supply. 


An Amusing American Clock.—Felix Meier, a Bavarian 
mechanic at Detroit, has built a clock which is said to rival 
the famous Strasburg timepiece. It stands in an elaborately 
carved walnut case, 18 ft. high, 7 ft. or 8 ft. broad, and it has 
a dial which represents the entire planetary system, from 
the signs of the zodiac to the correct position of the earth 
towards the sun in the different seasons, and the revolu- 
tions of all the planets about the sun at their respective 
distances and times. Separate dials also give the correct 
time at New York, London, St. Petersburg, San Francisco, 
and all the leading cities of the world. e st dial is 
supported by statuettes of Mr. W. C. Bryant and Professor 
Morse, and the case is surmounted by a bronze figure of 
Columbus. In carved niches at each side of the dial 
8 a baby, a youth, a middle-aged man, an old 
man, and a skeleton figure of Death. The baby strikes 
the quarter-hour on a tinkling bell, the boy the half-hour 
on a clear-toned bell, the strong man the three-quarter 


The contributing colonies are New South Wales, Victoria, 
South Australia, and New Zealand. The cable first manu- 
factured for the duplication has been taken for the Aden 
and Natal line, which has led toa change in the time for 
introducing the new tariff of charges. 


Brazilian Railways.—An official Brazilian report gives 
1707 miles as the total length of Brazilian railways now 
in operation. This mileage comprises by Ay different 
lines. The longest line is the Dom Pedro II. Railway, a 
Government road, which has at present 385 miles in 
working. This is an increase of 20 miles over the length 
of last year, and is due to the completion of a branch 
built expressly for carrying fresh meat from an abattoir, 
lately erected by the Government, to Rio de Janeiro. The 
second longest line is the Sao Paulo and Rio de Janeiro 
Railway, which is 143 miles in length. 


The Late M. Favre.—The late M. Louis Favre, con- 
tractor for the execution of the St. Gothard Tunnel, was a 
self-made man. Born in Chéne-Thoner, Switzerland, in 
1825, the son of a carpenter, he entered business life, after 


machinery is to be on Seller’s pattern, with a ring of 
conical steel rollers revolving on steel plates, and an outer 
circle of wheels for sineiyles purposes. These turntables 
are effective, and it is specified in this instance that two 
men working — levers shall be able to open the bridge 
easily, a pretty fps test, considering that the weight of 
the structure will be close on 200 tons. The principal di- 
mensions are: Length on centre line, 127 ft. ; width, wa ft. ; 
height of boy above roadway, 16 ft. The bridge’ will be 
strong —— to carry a railway. The cost of the iron- 
—_ including erection in place and painting, is 26501., 
and the total cost of the whole bridge, with foundations, is 
estimated at under 35001. The engineer for the dock com- 
y is Mr. G. Chamier, C.E., and the contractor is Mr. 
a for the Edge Moor Iron Company, Delaware, United 
States. The dock excavation is being proceeded with 
rapidly, and already considerably more half the total 
amount of earthwork has been taken out. The land 
piles have been driven, and a la amount of the jarralr 
timber for the wharves has arrived, so that a start for the 


hour re a fall-toned bell with a mer, while the grey- | attending a primary school, with a capital of 41. At th rincipal timber work is expected shortly. The most 
beard strikes a weaker bell, and then Death tolls the full cop P ‘ | fortunate circumstance in connexion with this contract has 
hour. When the knell of "the hone is gone, a lively na- age of coventean he « to France, and had the good been the dryness of the excavation. Ju from trial 


tional air strikes up, and all the presidents down to Mr. 

Tepm one emerge from a door oun by a coloured servant, 

before Washington, who sits ‘anki @ canopy sur- 

penne by 37 Peay wee yer gt A » = hy vet _—_ presi- 

ts draw ron painctn, e rises and waves 

a copy of the Shs "Declaxation of Independence. The presidents 

salute bim, and oy across a platform, and out of a door 

opened for another servant. 
sea to yar and 0 ol on this clock. 

Antipodean ree. ra be the commencement of 1878 
the number of miles —_ a eye in Victoria 
was 2885; in New aoe oa, 

5000; in South A) in Western’ Steal 





fortune to attract attention at Lyons by proposing to com- 
ete a certain engi 
han that made by by 


— ata much lower estimate 

— mgineers. His success in 
accompli what he had oo proved the stepping 
stone to his later successes. He turned his attention to 
the building of railways in the South of France and 
Switzerland, and by wond - of 


led in amassing a 

enabled him to undertake the execution of 

the contract for which he carned 

0001. tender of his chief 

competitor, the Societa di Lavori Publici, a powerful Italian 
company. Unforeseen engineering difficulties and haras- 


@ mas’ 
fortune whic’ 
St. 





holes and from the indications at various pits it was pretty 
generally supposed that the work of pumping the d 

basin dry would be somewhat alarming. To Mr. Hickson, 

the South Australian Government Engineer of Harbours 

and ayes is due the credit of having predicted o 

for he reported that the partons oud be pomante ws | 

dry, although that opinion was not shared by most people. 

As a fact, the excavation has been surprisingly dry. 
Australian Steam Navigation. — The 

Government have decided to accept the Australian Steam 

Navigation Company’s offer to continue the Northern Mail 

service on the present terms, afresh contract being entered 

into from January, 1879. 
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THE IRON AND STEEL INSTITUTE. | as are also two of the graving docks. There is also 


In our last number (vide page 248 ante) we gave 
a detailed account of the proceedings of the Iron and 
Steel Institute on the first day of their recent Liver- 
pool meeting, with the exception that the demand 
upon our space prevented us from doing more than 
briefly mentioning their visit to Messrs. Laird 
Brothers’ works at Birkenhead. We now propose 
to add some notes respecting Messrs. Laird’s 
establishment and the work seen in progress there, 
and also to deal with the proceedings of the In- 
stitute on the second and third days of the meet- 
oth tat Thursday the 25th and Friday last the 
26th ult. 


THE BIRKENHEAD IRON AND SHIPBUILDING WorKS. 


The works of Messrs. Laird Brothers date from 
1824, when they were founded by the late Mr. 
William Laird, ‘the grandfather of the present 
Partners, and it is now fifty years since the first iron 
vessel was turned out from them, this being a 60-ton 
lighter built for service on canals in Ireland. How 
since that time the Birkenhead Works have gone on 
increasing in size and importance is well known to 
most of our readers, and there is no occasion for us 
to trace their history here. As at present constituted 
they occupy over 20 acres, and when in full work 
give employment for nearly 3000 hands. They are 
situated on the south bank of the Mersey, not far 
from the Woodside landing-stage, and they have a 
— frontage of about 1000 ft., which is occupied 

Y & timber yard, five graving docks, and four 





building slips, two of these latter being roofed over, 


(For Description, see Page 264.) 





a gridiron 650 ft. in length, constructed outside the 
graving docks. Thechief dimensions of the graving 

ocks are as follows: No. 1, length 300 ft, width 
40 ft., depth 18 ft. 3in.; No. 2, length 360 ft., width 
45 ft., depth 18 ft. 3in. ; No. 3-(roofed over), length 
425 ft., width 75 ft., depth 26 ft.; No. 4, length 
440 ft., width, 85 ft., depth 22ft. 3in.; and No. 5 
(roofed over), length 375 ft., width 85 ft., and depth 
92 ft. 3in. Dock No. 4, which is a floating as well 
as graving dock, is commanded by a fine 50-ton steam 
crane, used for placing boilers, &c., on board their 
vessels. 

Messrs. Laird Brothers have been largely engaged 
in the construction of ironclads, and at the present 
time H.M.S. Hotspur is ——_ extensive altera- 
tions at their hands. The Hotspur, as originally 
built, had a central battery with semicircular ends, 
of a width considerably less than that of the vessel 
itself. The sides of this battery have now been 
moved outwards, flush with the sides of the vessel, 
the gap at the ends caused by this outward shifting 
of the sides being, of course, filled in, while in place 
of the guns being worked at ports in the battery, a 
revolving turret carrying two 25-ton guns is being 

rovided. The armour plates with their bolts, 
orming the sides of the old battery, were carefully 
mashed before being taken down, and they have 
been all brought in again in the reconstru work, 
New armour plates are, of course, required for the 
turret, and to fill the gaps at the ends of the battery 
due to the increased width, and the battery will have 
a facing of 4in. steel armour plates, in addition to 
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the 6-in. iron plates, making the total thickness of 
armour 10 in. 

Messrs. Laird Brothers have also in progress two 
fine steamers, each 300 ft. long by 33 ft. beam, and 
1624 tons burthen, which are being built for the 
London and North-Western Railway Company. 
These vessels, which are intended for the Dublin 
and Holyhead mail service, are being constructed 
wholly of steel rolled at Crewe, and the visitors 
last Wednesday week had the opportunity of ex- 
amining a number of samples of the plates, angle 
irons, &c., which had been bent and twisted in 
various ways to show the great ductility of the 
material. A number of the plates are being rolled 
by Mr. Webb in 24 ft. lengths, thereby greatly re- 
ducing the number of transverse seams ; the plates 
are admirable samples of rolling. We may mention 
that Messrs. Laird Brothers are punching these 
plates and working them up into the vessel without 
any subsequent annealing, and they report that they 
have not the slightest trouble with them. In fact 
the material appears to be regarded with special 
favour by all engaged in the construction of the 
vessels. Messrs, Laird have also in hand a large 
store ship for the Argentine Government, two 
Portuguese gunboats, and a steel towing and relief 
boat for our own Government, 

The engine department of Messrs. Laird’s works 
is of more recent date than the shipyard, it having 
been established about twenty-four years ago, prior 
to which the firm had a smaller engineering works 
at Wallesea Pool, The engine works consist of a 
range of buildings situated at the back of the ship- 
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yard, and between the latter and Church-street, 
Birkenhead. All this main range of buildings is 
three stories in height, even the smith and boiler 
shops having over them two floors forming rigging 
loft, joiners’ shop, and mould lofts. The boiler- 
erecting shop, however, is a one-story buildivg, as 
are also the buildings devoted to the —- 
plant, and the tools for ship work. The chief ma- 
chine shop is provided with some excellent tools for 
heavy work, notable amongst which is a fine wall- 
laning machine by Messrs. Joshua Buckton and 
| of Leeds. Portable drills, driven by Stow’s 
flexible shaft, are also in use in this shop, where, 
amongst other work, the oscillating engines for the 
London and North-Western Railway Company's 
steamers, already mentioned, are in course of con- 
struction. ‘The crank-pins of these engines are of 
Whitworth’s compressed steel, and steel is largely 
used for other details. Above the main machine 
shop are, first, a floor with lighter tools, aud, se- 
condly, a pattern shop. Messrs. Laird Brothers 
have no foundry at their works, but the castings 
about these shops were unusually good, and many 
of them of very large size. 


Tue Progress Or [RON AND STEEL AS CONSTRUCTIVE 
MATERIALS, 

On the assembling of the members at the Concert 
Hall, St. George's Hall, on Thursday morning the 
25 ult., the first paper read was one by Mr. J. A. 
Picton, of Liverpool, ‘ On the Progress of Iron and 
Steel ax Constructive. Materials.” This paper, 
which we shall print in an early number, was an 
eloquall history of the important part which iron 
and steél have taken in the progress of civilisation, 
but it was not.of a technical character, and it was 
at first snpposed that it would not be followed by 
any discussion. The event pores however, to be 
quite the reverse of this, and Mr. Picton’s communi- 
cation in fact gave rise to an animated debate upon 
a subject which the paper itself scarcely touched, 
namely, the character of the steel best adapted for 
shipbuilding purposes. 

After a few remarks from Mr, Whitley, eulogistic 
of the language used by Mr. Picton—these remarks 
being expressed with a warmth which gave rise to 
some amusement—Mr, Sissons, of Hull, spoke 
briefly as to the poverty of design which characterised 
much engineering work in iron, and urged that the 
aid of some good architects should be invoked to 
bring about a better state of things. Next, Mr. 
Jeremiah Head, speaking of the bridge across the 
Wear at Sunderland, which had been specially 
referred to by Mr. Picton as an example of boldness 
in early iron construction, gave some interesting 
information respecting that structure. According to 
Mr, Picton, Sunderland Bridge was designed by 
‘Thomas Paine and opened in 1796; it consisted of 
a single arch of 236 ft. span and 34ft. rise. Mr. 
Head stated that he had many years ago been en- 
gaged on the staff employed on the reconstruction 
of this bridge, and he confirmed Mr. Picton’s re- 
marks as to its lightness. It consisted, he said, of 
six ribs or arched girders, each composed of a number 
of small castings which were connected by long bars 
‘sang 9 right through. The ribs were also connected 

vy diagonal ties, but the whole structure was so light 
that no modern engineer would think of adopting 
such proportions. The bridge, nevertheless, carried 
the traffic for a number of years, but eventually the 
diagonal bracing failed and the ribs got out of line. 
The late Mr. Robert Stephenson was called in to 
strengthen it, and as the bridge was highly prized by 
the inhabitants of Sunderland as an_ historical 
structure, it was determined to preserve the original 
appearance of the bridge as much as possible. Three 
box girders were, therefore, placed between the old 
arched girders, and these box girders now constituted 
the bridge and carried the load, the outside arched 
ribs of the old bridge being, however, retained to 
show the original design. ‘To these observations by 
Mr. Head, Mr. Putnam added that the late Mr. 
Robert Stephenson had once remarked “ that 
Sunderland BriJge was only remarkable for a dis- 
play of ignorance of the most elementary principle 
of engineering.” 

The discussion next turned on the use of steel in 
shipbuilding, this branch of the subject dealt with 
in Mr. Picton’s paper being started by Mr. Daniel 
Adamson, Mr. Adamson first referred to the im- 
rye effect which the introduction of steel had 

ad upon the prosperity of our railways, for had it 
not been for steel tyres and steel rails, he had it on 
good authority, that few of them would now be 
paying half their present dividends, 





As regarded ! 


the use of steel in shipbuilding, no port, he re- 
marked, was more interested in such a step than 
Liverpool. As long ago as 1864 he visited Liver- 
pool, and secured in two hours an order to the 
amount of 24,000/. sterling for 1000 tons of steel 
plates to be used in shipbuilding, and these plates 
he had some reason to believe—although he did not 
make many inquiries intothe matter —were used inthe 
construction of blockade runners to bring cotton 
from America. This order he considered a recognition 
of the progress which had at that time been made 
with the Bessemer process, and he regarded it as 
highly creditable to those who gave it. At the present 
day he considered that much was to be gained by 
the adoption of steel as a material for both the 
frames and plating of ships, but undoubtedly the 
high bending tests demanded by both Lloyd's and 
the Admiralty had the effect. of retarding the employ- 
ment of stee]. No iron ship plates were ever strained 
to one-tenth of the stress which the present official 
tests for steel plates involved. He had on many 
occasions measured the extension on the outer circum- 
ference of a bent plate, and he had found that about 
one-half of the bend was got by the extension of the 
outer layers of material, but that beyond this the 
continued bending produced compression of the 
inner layers. If the present bending tests were re- 
duced in severity it would be possible to get a metal 
better adapted for shipbuilding purposes than that 
now obtained, namely, a harder metal which would 
offer a greater resistance to buckling. He (Mr. 
Adamson) considered that in making use of steel as 
a constructive material, it was most important that 
the quality should be selected with special reference 
to the character of the work it. would be called upon 
to do, and he instanced, as a good example, the 
case of the Firth of Forth bridge, in which it is 
pro to use for the tension members compara- 
tively hard steel with a tensional strength of 
50 tons per square inch, and to load it to 10 tons 
per square inch. This steel would give an elonga- 
tion of about 15 per cent. before fracture, but it 
would not stand such doubling tests as were now 
enforced for steel used in shipbuilding. As regarded 
the tension members of suspension bridges, he added 
that bars could now be joined, so that the strength of 
the joint was equal to from 92 to 98 per cent. of the 
solid bar, and there was no necessity to employ 
wire, as had become such a favourable practice in 
America. ‘The Menai tubular bridge he characte- 
rised as a most unsightly structure, which could only 
be considered to be doing good work for a time, and 
he had no doubt that the day would arrive when 
some engineer would offer to clear away the present 
bridge and replace it by one which would connect 
the island to the mainland by a single span. As 
regarded Sunderland Bridge, he remarked that when 
it was decided to reconstruct it, it was in a most 
dangerous state, in fact the effect of the rising sun 
on the eastern face caused an expansion of that side, 
which produced a lateral deflection of the ribs from 
20 in. to 2 ft.! Notwithstanding, however, the mani- 
fold defects of the bridge and its excessive lightness, 
there were many excellent details about it, and 
notably the manner in whick the sections of the 
arched ribs were fished together. In conclusion, 
Mr. Adamson strongly enforced the desirability of 
employing for bridgework steel having a breaking 
strain of 50 to 60 tons or thereabouts, with an elastic 
limit of 40 tons per square inch, while he remarked 
that he himself was one of the first to put down 
plant with his own money to sink or swim by the 
Bessemer process, and notwithstanding some de- 
precatory opinions expressed at the time, he subse- 
quently sold his works at Penistone at a profit of 
20,0002. 

‘lhe next speaker was Mr. West, of the Under- 
writers’ Registry for Iron Vessels in Liverpool, who 
remarked that the body he represented occupied a 
position between three fires, there being first the 
underwriters who urged them to avoid undue risk, 
next the shipowner who wanted a ship made as light 
as possible, and lastly, the steel makers who now 
urged them to reduce their tests. He was himself 
inclined to believe that the present bending tests 
were too severe, and that the steel which they led 
to being supplied was rather too soft. In the case 
of the Pizarro, lately built under these rules, the 
limit of tensile strength permitted was 29 tons, but 
he would himself have preferred a higher strain 
being permitted with somewhat less ductility. At 
the same time he remarked there was no doubt that 
the soft steel now specified had wonderful en- 
durance, and he instanced the case of a vessel, the 
G. M. B., which had her bow completely smashed 





up flat in a collision, but without causing the frac- 
ture of a plate. Under similar circumstances an 
iron vessel would have sunk. In conclusion, 
he stated that he should be glad to hear the opinion 
of steel makers on the class of steel best adapted for 
shipbuilding purposes, and he asked if they could 
produce a metal having a tensile strength of say 30 
to 35 tons, and capable of standing the bending 
test round a radius equal to three to four times the 
thickness of the plate under test. 

Mr. Snelus, who spoke next, stated that he had 
supplied Mr, Adamson with about 1000 tons of 
steel plates, which stood tests just about those asked 
for by Mr. West, the average tensile strength of 
this steel being 35 tons per square inch, and the 
elongation 20 per cent. before fracture. ‘There was 
really no difficulty in making steel with a tensile 
strength of from 32 to 35 tons per square inch, and 
an elongation before fracture of from 15 to 20 per 
cent. in a length of Sin. Such steei was better for 
shipbuilding purposes, and easier to make than that 
now required to satisfy the bending tests, while it 
was also good enough for boilers, and Mr. Adam- 
son’s experience was sufficient to prove this. He 
(Mr. Snelus) had known flues made of such steel to 
collapse from overheating without fracture. 

The next speaker was Dr. Siemens, who took a 
view directly opposed to those expressed by Mr. 
Adamson and Mr. Snelus. Speaking as a steel- 
maker, he said that he would urge the Admiralty 
and Lloyd’s not to diminish their tests, but rather 
to increase their severity. Iron, he remarked, even if 
of indifferent quality, had a way of holding together, 
but with steel it was different, and a low quality of 
steel he considered treacherous. Steel of high 
quality was as tough as leather, and could be sub- 
jected to severe treatment with impunity, but once 
depart from that high quality and failures ensued. 
He disagreed entirely with Mr. Adamson’s views as 
to the excessive severity of the present bending tests, 
and he desired to maintain them. For bridge 
building it might certainly be desirable in some cases 
to employ a steel having a tensile strength of 50 tons, 
but while this was safe for bridges, it was not so for 
ships. In reality, he observed, hard steel was 
practically not stiffer than soft. If two bars having 
a breaking strain of 30 tons and 50 tons respectively 
be tested together, it will be found that they both 
elongate together until the elastic limit of the 
softer bar—say a strain of about 15 tons per square 
inch—is reached, when, of course, that bar will 
extend more rapidly. The hard steel would simply 
have a greater elastic range. In ships, however, are 
any parts to be strained up to 15 tons per square 
inch? But at lower strains soft steel is just as 
rigid as hard, and under these circumstances, Dr. 
Siemens argued that it was safer to use the softer 
material. ‘The tensile stren employed for ship- 
building purposes he (Dr. Siemens) would like to 
limit to, say, 30 tons per square inch, with an 
elongation of 20 per cent. in 8in. The mild steel, 
he added, was not injurec by punching, and did not 
require to be annealed, and at Chatham annealing 
had been given up. In conclusion, as regarded Mr. 
Adamson’s remarks on the manner in which steel 
yielded during the bending test, he stated that he 
partially agreed with them, but he maintained tiat 
the bending test afforded a valuable means of testing 
what might be termed the “ power of flowing” of the 
steel, and it should, he considered, therefore be re- 
tained. 

We may observe that in the remarks which we 
have just summarised, Dr, Siemens appears to have 
ignored the relation which is generally considered 
to exist between the elastic limit of material and 
the permissible working strain. Thus if with a 
steel having an elastic limit of 15 tons per square 
inch, the maximum permissible working strain is 
considered to be 7} tons per square inch, then with 
an elastic limit of 20 tons per square inch, the per- 
missible working strain would be raised to 10 tons 
and so on, thus giving the harder steel an important 
structural advantage in many cases, We mention 
this point because curiously enough it was not 
referred to by any of the speakers who followed Dr. 
Siemens, 

The observations of Dr. Siemens led to some 
further remarks from Mr. Adamson, who stated that 
he had measured the elongation of the outer surface 
of a number of bent specimens of steel, and had 
found that the elongation of this surface was twice 
that which could be obtained when the metal was 
broken by a direct tensile strain, As regarded the 
injury of plates by punching he eg Adamson) con- 
sidered that it was a vile thing that a punch should 
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be used ; what was wanted to insure progress was 

ater mechanical accuracy. Numbers of the very 
soft steels, he added, took a permanent set under 
the same strains as wrought iron, and if Dr. Siemens’ 
argument held good why not go back to wrought 
iron? As he (Mr. Adamson) had stated on previous 
occasions, the strong metal of which he advocated 
the employment must be used properly, as it con- 
tained within itself strong powers of self-destruction 
which would come into play if the material was im- 
properly treated. 

Mr. T. R, Crampton, who spoke next, remarked 
that he believed that no people were more desirous 
of enforcing just tests of constructive materials than 
those interested in shipping ; but at the sam time 
there could be no doubt that serious difficulties had 
been experienced in the use of hard steel, and he 
therefore agreed with the remarks of Dr. Siemens. 
For the present, at all events, he considered that 
they should content themselves with the use of the 
softer material. As regarded corrosion, he added 
that a great amount of information was contained 
in the experiments carried out under the auspices of 
the Admiralty Boiler Committee, and the results 
of these experiments deserved to be more widely 
known. 

The President, Mr. Edward Williams, in bringing 
the discussion to a close, remarked that if steel is to 
supersede iron for shipbuilding there can be no 
doubt that the present price of steel must be reduced, 
It was of course true that with high-class steel ships 
could be built which were vastly better than iron 
ships, but at the same time they must not shut their 
eyes to the fact that iron ships served their pur- 
pose, and he could not understand why in making 
the change from iron to steel a material so vastly 
superior to iron should be insisted upon. He could 
assure Mr. West that steel makers were only anxious 
to produce the best possible steel at the lowest 
cost, while as for the failures to which reference 
had been made, he did not hesitate to say that with 
iron plates the percentages of failure were ten times 
greater, but in the case of iron the failures were not 
made a fuss about. The fact was that in a material 
made as steel now was, there must necessarily be a 
greater uniformity of quality than with iron. In 
the manufacture of the latter too many people were 
concerned, while steel was produced under the 
immediate guidance of high-class supervision. 
With reference to some remarks of Mr. Adamson, 
he denied that he (Mr. Williams) had in the early 
days expressed any disbelief in the value of the 
Bessemer process. On the contrary the first Bes- 
semer plant was put down at Dowlais (with which 
he was then connected) by Mr. Menelaus, and Mr. 
Menelaus could testify to his (Mr. Williams’s) en- 
thusiasm in the matter. In fact he made steel at 
Dowlais by the Bessemer process within four days 
of that process having been described by Mr. 
Bessemer in his paper read before the British 
Association, and he believed that he (Mr. Williams) 
was the first Bessemer steel maker after Mr. Bes- 
semer himself. As for the remarks which had been 
made by Dr. Siemens, he was sorry to differ from 
them and sorry that they had been made. If steel 
was to come into general use for shipbuilding the 
tests must be made of a more practical character ; 
under present conditions steel was in the same 
position as iron would be if a best boiler quality 
were insisted upon for ships. 

_After a few remarks from Mr. Samuelson, M.P., 
directing the attention of the members to the floor 
of the Picton Reading Room, Liverpool, which he 
mentioned as well worthy of examination as an in- 
teresting example of iron construction, Mr. Picton 
briefly replied to the discussion, and with reference 
to the late Mr. Robert Stephenson’s remarks on 
Sunderland Bridge, he observed that “those 
who lived in glass houses should not throw 
stones,” and that some of Mr. Stephenson’s own 
productions might be regarded as open to adverse 
criticism. Sunderland Bridge, he maintained, was a 
noble example of construction considering the time 
when it was produced. On the conclusion of his 
remarks a cordial vote of thanks was accorded to Mr. 
Picton for his paper. 


Tue Puysica, Cuances occurring In IRON AND 
STEEL at High TEMPERATOREs. 

The next paper read was one by Mr. Thomas 
Wrightson, of Stockton-on-Tees, ‘On some Physical 
~nanges occurring in Iron and Steel at High 
Temperatures,” This was a most interesting com- 
munication, describing a large number of experiments 
which Mr. Wrightson has carried out to determine 





the behaviour of wrought iron, steel, and copper 
when heated to high temperatures and cooled under 
different conditions, and also a series of investigations 
into the changes which take place while cast iron is 
passing from the solid into the molten state, and vice 
versd. Mr. Wrightson’s paper, which was read in 
abstract, contains a number of original facts of high 
interest, and we shall print the communication iz 
extenso in an early number, 

On the conclusion of the reading of this paper, 
Dr. Siemens, after referring to its value, and to 
the fact that it was a communication which it would 
be impossible to discuss properly before it had been 
carefully studied, proposed that the discussion upon 
it should be adjourned to the next London meeting, 
and this was at once agreed to, the meeting being 
then adjourned until the following morning. 


Tue PEMBERTON COLLIERY. 


As we mentioned briefly in our last issue, two 
alternative excursions had been arranged for the 
Thursday afternoon, one of these being to the col- 
lieries of Messrs. Blundell at Pemberton and the 
works of the Wigan Coal and Iron Company, while 
the other was to Messrs. M‘Corquodale and Co.’s 
Printing and Stationery Works at Newton and to 
the works of the White Cross Wire Company at 
Warrington. For each of these excursions special 
trains had been kindly provided by the local 
committee. We shall deal first with the excursion 
to Pemberton and Wigan. 

Of the Pemberton Colliery belonging to Messrs. J. 
Blundell and Sons, we gave some particulars on page 
91 of our fourteenth volume, when describing the 
visit of the Institution of Mechanical Engineers to 
Liverpool in 1872. ‘The output has, however, since 
that date been very considerably increased, 700 
to 800 tons of coal having been turned out 
daily for some time from each of the principal pits, 
the King and the Queen, as well as about 400 tons 
from a smaller adjacent pit, but this quantity is not 
at present being raised owing to the dulness of trade. 
There are two pairs of winding engines in one build- 
ing, which is an exceedingly handsome structure ; 
both engines are horizontal withcranks at right angles 
and have cylinders 36 in, in diameter by 6 ft. stroke. 
Double-beat Cornish equilibrium valves are used for 
the steam distribution, these valves being driven by 
link motion worked off small shafts driven by return 
cranks. These engines make about 22 revolutions 
per lift, which is accomplished in about 33 seconds ; 
on taking the depth at 624 yards, the average speed 
of the cages is about 38 miles per hour, a speed which 
is of course greatly exceeded when the cage is in the 
middle of the lift. One pair of these ergines is by 
Messrs. R. Daglish and Co., of St. Helens, and the 
other pair bythe Haigh sete re bmp Ke of Wigan, 

Part of the underground hauling is done by two 
pairs of horizontal air engines, the first having two 
cylinders 16 in, in diameter, by 3 ft. stroke, the 
other having also two cylinders 14 in. in diameter, 
by 2 ft. stroke. Compressed air at a pressure of 
40 lb. to 45 1b. per square inch is supplied for 
driving these engines by a very fine pair of hori- 
zontal high-pressure engines also built by the Haigh 
Foundry Company, and having steam cylinders and 
air cylinders 30 in. in diameter, the stroke of both 
being 4 ft. ‘These engines make 30 to 33 revolutions 
per minute, and have expansion valves on the back 
of the main slide valves fegulated by hand, and 
generally cutting off steam at 31 per cent. of the 
stroke. The rest of the underground hauling is 
done by a small pair of horizontal geared winding 
engines working on the surface and having the ropes 
led underground by suitable pulleys. 

The small shaft next to the King and Queen pits 
is provided with a single cylinder engine, 2] in. in 
diameter by 3 ft. 6 in. stroke; this engine is fitted 
with Walker’s patent equilibriated slide valve, the 
pressure on the back of the valve being partially 
removed by connecting the valve by a link to a 
circular steel disc, acted on by steam pressure on 
one side ; this disc is capable of partial adjustment 
by means of a flat horizontal spring placed above it, 
and to which it is attached by a screw. The slide 
valve seemed to work very easily, and the engine was 
handled with the greatest readiness, The depth 
from which it was winding was 140 yards, and as 
we have before remarked, it was raising 300 to 
400 tons of coal per day. The ventilation is pro- 
vided for by a Guibal fan, 46 ft. in diameter by 
15 ft. wide, making 36 to 37 revolutions per minute, 
and delivering 240,000 to 250,000 cubic feet of air 
at a water column of 2}in. This fan is driven by a 
horizontal engine built by Messrs. Baker and Val- 





liant, from the designs of Mr. James Burrows, 
and having two cylinders, one at each end of the 
bedplate, 36in. in diameter by 3 ft. Gin. stroke. 
The crankshaft is placed between the cylinders, and 
ordinarily only one cylinder is used at a time, the 
other being merely kept as astandby. The steam and 
exhaust valves are Cornish driven by one eccentric, 
and are capable only of providing for a very small 
range of expansion. This engine is of most massive 
and substantial design, indeed we are not acquainted 
with any engine having sucha proportion of weight to 
cylinder volume ; there is, however, nothing clumsy 
even in appearance about it, and we are convinced 
it is admirably adapted for the work it has had to do 
and that it can be thoroughly depended on to run 
day and night for months together without stopping. 
The drainage of the pit is done by a Bull Cornis 
engine with a cylinder 73in. in diameter by 8 ft. 
stroke, making an average of eight strokes per 
minute. The steam pressure is 50]b. per square 
inch and is cut off at three-quarter stroke. There 
is a separate condenser by Hathoro, Davey, and 
Co., of Leeds, having the air pump driven by their 
differential gear, and giving a vacuum of 13} lb., with 
the barometer at 29}in. The Bull engine works two 
pumps, one a plunger and the other a bucket, each 
20 in. in diameter, their total lift being 220 yards and 
the discharge 800 gallons perminute. In winter the 
engine is required to work on an average about 16 
hours out of the 24, and in summer about 12 hours, 
the greater part of the water raised being used for 
washing the coal, 

The chief novelty, however, at Posen at the 
Pemberton Collieries is a system of blasting down 
the coal by compressed air invented by Mr. Ernest 
Reuss, of Lecnchaiter: The visitors were invited to 
go down to the pit to witness the operation, and 
some of them proceeded to do'so after having amic- 
ably arranged with a gentleman who was pigrge | a 
cigar in the cage to defer the completion of this 
pleasure until the return of the party to the surface, 
This precaution was by no means unnecessary, as 
there is a good deal of gasin the pit. Therun down 
was unusually smooth, the cage being guided by 
rails which, as well as the whole of the rest of the 
gear, are evidently kept in first-class order, When 
at the bottom the visitors were informed that the 
blasting was going on at a distance of three-quarters 
of a mile, and as a good part of the heading was 
only 3ft. 6in. high the journey -was accomplished 
under very great inconvenience. We are of opinion 
the process might have been shown much more ad- 
vantageously nearer to the bottom of the shaft. 
Mr. Reuss’s plan’ consists in boring a very true hole 
in the coal and then inserting a cast-iron cartridge 
which he explodes by compressing air into it. When 
the visitors at last arrived at the scene of operations 
they found all ready for the explosion, the cart- 
ridge being put in place. The cartridge used 
was 16in. long by 3,7, in. in diameter; we are 
unable to account for the choice of this odd dimen- 
sion, unless it be in accordance with the teachings 
of the late Mr. Bryan O’Linn, who maintained there 
was luck in odd numbers. It was } in. thick, and 
was connected to the air pumps by weldless steel 

ipes } in. outside diameter, and a bare 4 in. bore. 
The explosion took place when a pressure of 
8500 lb. per square faih was reached as indicated on 
the dial of the pressure gauge. The air pumps are 
mounted on a small trolly which can accommodate 
its gauge from a minimum of 20 in. upwards, the 
total height of the machine being 33 in., the width 
4ft,3in., and the weight 8 cwt. ‘There are six 
pumps worked by three cranks on one shaft, and 
although the enormous pressure required is quickly 
gained, the pumps are perfectly independent, and 
the stage process is not used. They are driven by 
crank handles worked by two colliers and geared 
three to one on the pumps, which latter made 54 
to 60 strokes per minute. The rams are 2 in, in 
diameter by 10 in. stroke and work in the barrels 
without any packing, which is certainly a most re- 
markable feat considering the pressure attained. 
There are no suction valves, the admission of 
the air taking place through holes in the sides 
of each barrel which are uncovered when the 
plunger is at the top of its stroke, The de- 
ivery valves are of lead, and are placed close to 
the bottoms of the pump barrels, which are all 
screwed into one block of gun-metal from which the 
delivery pipes start. The bases of the pumps work 
in water to keep them cool. A great deal of the 
success of the operation depends on the truth with 
which the hole is bored in the coal for the reception 
of the cast-iron cartridge, and to accomplish this 
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MACHINE TOOLS AT THE LONDON AND NORTH-WESTERN RAILWAY WORKS, CREWE. 


MR, F, W. WEBB, CHIEF MECHANICAL ENGINEER. 


(For Description, see Page 264.) 





Mr. Reuss uses a small universal hand-drilling ma- 
chine, the supporting bar for which is made fast to 
the face of the coal by expanding wedges at its foot 
let into a hole jumped in the coal for this purpose. 
The cutter for making the cartridge hole has a 
diamond-pointed centre, and cuts on both sides and 
clears itself well at the edges. It makes holes about 
40 in. deep, into which the cartridges are placed, 
and well tamped with sagger clay, and the borings 
from the holes just made, ‘The pipes connecting the 
so and the cartridge are jointed together with 
couplings having soft copper washers placed between 
the ends of the pipes to insure tight joints, and the 
last length of pipe is screwed into the end of the 
cartridge, which is increased in thickness for this 
purpose. We are informed that the present price of 
the cartridges is about one shilling each. The pump 
barrels and plungers are made of Whitworth’s com- 
pressed steel, and we need hardly refer more parti- 
cularly to the high class of the work, when the 
enormous pressure which is generated and the fact 
that no packing is used in the pumps is borne in mind. 
The great advantages claimed for this process 
of getting coal are, that it is applicable to situations 
where the use of powder is inadmissible, and further, 
that it brings the coal down in lumps mixed with 
very little small coal. Mr. Reuss, moreover, maintains 
that its working considerably reduces the tempera- 
ture, and improves the quality of the airin the mine; 
we cannot however agree with this conclusion, as to 
say the least of it the heat radiated by the colliers 
working the pumps is equal to any refrigerating 
action produced by the expansion of the air in 
bursting the cartridge. We are informed that two 
of the machines have already been made and put to 
work experimentally in the Durham and Barnsley 
districts, and that when working in the latter 
neighbourhood on the long wall system as much as 
30 to 40 tons of coal were brought down with each 
shot. In the seam at Pemberton in which it was 
at work the coal had formerly been got by wedging, 
there being too much gas to permit of blasting with 
powder. The permanent success of the working 
of the machine will we believe depend on the cost 
at which the operations can be carried on, and as 
yet, as far as we can learn, there has not been an 
opportunity of coming to any definite conclusion on 
this point: After the explosion was witnessed the 
visitors returned to surface, where they had the satis- 
faction of finding that those of the party who had 
remained above to examine what was to be seen 





QUARTERING MACHINE. 


there had kindly taken away the special train pro- 
vided, and gone on to visit the works of the Wigan 
Coal and Iron Company. 


EXPERIMENTS ON SAFETY Lamps. 

On its way from the Pemberton Colliery to the 
Wigan Coal and Iron Company's Works, the special 
train provided for the occasion called at the Gars- 
wood Hall Colliery, and left such members as 
preferred to stop there instead of going on to Wigan. 
At the Garswood Hall Colliery the attraction con- 
sisted in the experiments which are being made by 
Mr. Smethurst to determine the relative value of 








different kinds of safety lamps. With this object 
in view Mr, Smethurst has constructed on the surface 





CRANK-PIN TURNING MACHINE. 


a wooden model of a portion of a mine including 
two levels connected by a cut through measuring 
12 in, by 6 in., the top level having, moreover, three 
drifts ranning out of it, each drift having a section 
of 12 in. by 12 in., and being provided with a brattice 
up the centre. By means of glasses suitably placed 
alt that goes on inside the model can be observed. 
Availing himself of an ample quantity of fire-damp 
which unfortunately exists at the Garswood Hall 
Colliery, Mr. Smethurst has led to the surface a 
supply of this gas for his experiments, so that he is 
able to carry out the latter under very favourable 
conditions, ‘ 

The manner of conducting the experiments may 


' be illustrated by an example. A Davy lamp having 
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laboratory for testing the materials used, a large de- 
partment devoted to bookbinding, ruling, &c.—in 
which the visitors had an opportunity of examining 
some admirable little American ines for stitch- 
ing and stabbing with wire, and in which the in- 
teresting process of making marbled paper was also 
shown—a smaller machine-room devoted to envelope- 
making and address printing-machines, joiners’, 
and mechanics’ shop, and extensive stores for the 
stowage of paper and finished goods. The works 
are well “ts x with machines adapted for the 
particular classes of work executed, and they are 
evidently capable of agreat output. Besides having 
Gecihclo'exp ahaa lame’ beaewes eae 
uodale are r-makers, and the larger 
Someta EP wid by them is manu- 
actured at their own mill, They have also a 
publishing house in London, 


Tue Works.or tae Warrecross Wire Company, 
WARRINGTON. 


From Newton the visitors were conveyed by the 
special train to Warrington, where the extensive 
works of the Whitecross Wire Company, Limited, 
were inspected. In the programme it had been set 
down that the works of the Warrington Wire Com- 

ny and the wire rope works of Messrs. Rylands 
Brothers would also be visited, but the time 
available at Warrington proved sufficient for in- 
specting the Whitecross Wire Company's establish- 
ment only. On their arrival at the works the 
visitors were conducted to the forge which im- 
mediately adjoins the London and North. Western 
Railway, while a branch from the Midland line now 
under construction will shortly give a direct con- 
nexion with that system. ‘The forge, which is of 
moderate size, is exceedingly well arranged. It con- 
tains two steam hammers aad two rolling mills, while 
around it are arranged 23 puddling furnaces, these 
forming a semicircle and being protected by a narrow 
roof. Several of the puddling furnaces are con- 
structed on the patent system of Messrs. Gidlow and 
Abbott, of Wigan, which appears to be regarded 
with much favour. According to this plan the 
whole furnace is contained in a casing which is 
mounted on trunnions, one end of the furnace being 
coupled by connecting rods to a crankshaft driven 
by asmall independent engine through suitable gear, 
so as to give to the furnace a longitudinal rocking 
motion, By varying the speed of the engine the 
speed of the rocking can, of course, be also varied. 
At the chimney end the furnace is so made that the 
communication with the chimney is not interrupted 
by the rocking movement, ‘These rocking furnaces 
are said to give very satisfactory results both as 
regards the uniformity in the quality of iron pro- 
duced in them and in the saving of labour, while 
they also stand well. All the puddling furnaces 
at the Whitecross Wire Company's works are 
worked in connexion with vertical boilers, while 
there are also vertical boilers attached to the re- 
heating furnaces. 

From the forge the visitors —who were conducted 
over the establishment by Mr. R. W. Murray, the 
present managing director, Mr. Milaer, Mr. West- 
garth, and Mr, W. Carson, who is about to succeed 
to the managing directorship—passed to the wire 
mills, of whiok there are two, each driven by a hori- 
zontal engine, the necessary high speed being got up 
by belting. ‘The good arrangement of the counter- 
shafts for getting up the speed, and the straight 
running of the heavy belts used were especially 
worthy of notice. ‘The working ot wire mills is, from 
the skill and activity necessarily displayed, always 
an attractive sight, but we never saw smarter work 
of this kind than the visitors had an opportunity of 
witnessing at the Whitecross Compasy'’s works. 
One of the mills was engaged in rolling rods of 
unusual length, the weight of the billets used being 
100 lb, In connexion with the wire mills Bicheron’s 
gas furnaces are being 

On leaving the wire mills the rods first have the 
rough end sheared off, and are then made into coils, 
the coiling going on as the rod leaves the mill. The 
next process is to point the rods for drawing, this 
being done by a small special machine, which pro- 
duces at the end of the rod a short uniform cone. 
The pointing being accomplished, the rods are next 
thoroughly cleaned in tumbling boxes so as to clear 
them of all rust or scale, and they are then washed, 
and subsequently dried in a special oven, after 
which they are coated with lime. After these pre- 
liminary operations, the rods are realy for drawing. 
‘The number of times the rods are passed through 
the drawplates of course depends upon the degree 


of fineness required, but for ordinary sizes they, on 
the average, go through a drawing for every 
‘* number” of the wire gauge. For the finer gauges, 
however, this rule will not hold good. At the 
Whitecross Company's works the drawing mills are 
very extensive, and wire is produced of all sina 
from the large wire used for telegraph lines down 
No. 46, the total quantity produced being about 
250 tons per week. 

From time to time during the process of drawing 
pais the coils of wire in vertical cast-iron pots, 

isposed in groups of four, and heated by a suitable 
arrangement of flues. The annealing pots are sunk 
below the ground level, their tops being level with 
the floor of the building occupied by the annealin 
furnaces, so that they are ily charged or emptied 
of their contents. elas 

A large proportion of the wire u is 
€ guvaniead oF coated with zinc, the  galvnnalen 
works being extensive. The processes of ‘coating 
wire with copper by passing it through a bath eon- 
taining a strong solution of sulphate of copper, and 
of tinning by drawing it through a bath of melted 
tin are also carried on. In each of these cases the 
wire is subjected to further drawing after coating. 

Besides producing wire simply, the company are 
also large manufacturers of wire netting and wire 
ropes. The shop devoted to the production of wire 
netting is of considerable size, and contains some 
very ingenious yet simple machines, which, however, 
it would be impossible to describe clearly without 
the aid of drawings. Adjoining the wire netting 
department is a testing room fitted with machines 
for testing the tensile strength and ductility of wires, 
and also with a delicate retlecting galvanometer for 
testing the conductivity of wires used for telegraph 
purposes, 

The manufagture of wire rope is carried on in a 
three-story building having machinery on each 
floor. On the ground floor the machines are specially 
adapted for producing comparatively heavy ropes, 
the bobbins containing the wire of which the ropes 
are formed being mounted on a frame carried by a 
vertical revolving spindle, the rope passing upwards, 
and then being led down over guide pulleys toa 
coiling drum. In the machines for lighter rope on 
the floor above, the rope is formed by the wires 
composing it being carried round a horizontal axis, 
These latter machines have several peculiarities, 
which, however, it would be tedious to describe 
verbally. 

After their inspection of the wire works the 
members returned by special train to Liverpool, and 
in theevening the annual dianer of the Institute 
took place in the St, George's Hall, the use of which 
had been kindly granted for the occasion by the 
Corporation of Liverpool. 


Tue MaAnuracrure or LarGe Foraines, 


On the assembling of the members at the St, 
George’s Concert Hall the following morning, 
Friday the 25th ult., the first paper read was one 
‘‘On the Manufacture of Large Forgings and the 
Materials suitable for the same,” by Mr. George 
Ratliffe, of the Mersey Steel and Iron Works, 
Liverpool, the energetic honorary local secretary 
to whose exertions the successful carrying out of 
the various arrangements for the meeting were so 
largely due, We — Mr. Ratliffe’s paper in 
extenso on page 274 of the present number, and we 
need ouly say here, therefore, that it referred 
specially to the manufacture of large forgings from 
steel bars piled and welded up like scrap iron. This 
mode of manufacture was, as many of our readers 
will remember, referred to by Mr. Ratliffe in the 
course of the discussion* on Mr, McLean's paper on 
forging crankshafts, read before the Institution of 
Mechanicai Engineers during their recent Glasgow 
meeting, while we also mentioned it in the course of 
our brief notice of the Mersey Iron and Steel 
Works which appeared on page 251 of our last 
number,t Mr. Ratliffe’s paper, we shouid add, was 
illustrated by an extensive and admirably arranged 
series of specimens of the various classes of material 
alluded to in the course of the communication, these 
samples showing the behaviour of the materials 
under bending, torsional, and tensile strains. 


* Vide page 123 of the present volume. 

+ In our notice of the Mersey Steel and Iron Company’s 
works last week the number of stzam hammers is by an 
error given as ‘‘seven,”’ ins of ‘‘ten,’’ which is the 
correct number. It should also have been mentioned that 








in the forge, besides the ball farnaces heated with gas, 
there are three gas furnaces worked in connexion with the 
large hammers. 


the wire requires annealing, and this is effected by | pieces. 


The discussion on Mr. Ratliffe’s paper was com- 
menced by Mr. Webb, of Bury, who referred to 
Mr. Ratliffe’s condemnation of large cast ingots 
subsequently forged. The exhibits in the Creusét 
pavilion, at the Paris Exhibition last year, Mr. 
‘Webb remarked, showed what could be done in the 

reduction of heavy forgings from large cast steel 
ingots when suitable plant was available, and such 
forgings, he maintained, were superior to those pro- 
duced by the welding together ae number of small 
Too many so-called steel forgings, he 
added, were merely tapped with the hammer, owing 
to the want of suitable plant, but if forged properly 
erankshafts and similar articles made from a single 
ingot were superior to those welded up. If, however, 
heavy steel forgings are to be successfully produced 
very powerful hammers are a necessity. In con- 
clusion, he remarked that the proper discussion of 
papers like Mr. Ratliffe’s would be greatly facilitated 
if the papers were placed in the hands of the mem- 
bers’a week before being read. 

Mr, Clay, who spoke next, also took the view that 
forgings from a single ingot were superior to those 
produced by welding, and he alleged that the samples 
of welded steel exhibited showed certain defects. 
With regard to Mr. Ratliffe’s experiment on the 
effect of exploding powder in tubes made of his 
welded steel, Mr. Clay quoted the results of experi- 
ments which he himself had made many years ago, 
while finally he referred to Carmont’s process, which 
he said consisted in a method of welding up steel 
turnings, The examples of steel forgings produced 
by this process, which were exhibited in the hall 

jacent to the meeting room, appeared, he said, 
sound, but he had no doubt that the ‘‘ nature” had 
quite gone out of them. These observations drew 
from Mr, Carmont, who was present, the remark 
that the samples to which reference had been made, 
were not composed of steel turnings, but from steel 
rail scrap. Steel turnings were, however, also used, 

The next a was Mr. Adamson, who con- 
gratulated Mr. Ratliffe on the successful results 
which he had obtained with his steel forgings, and 
particularly on the fact that he had appeared to have 
developed a kind of fibre without the introduction 
of cinder. He regretted that all the samples of the 
various classes of material referred to had not 
been analysed, but nevertheless the particulars of 
the tests given enabled a judgment to be formed as 
to the nature of the material. The samples (7a and 
78 in Mr. Ratcliffe’s table of tests on page 275 of 
the present number) which had given such very 
high breaking strains, 58.5 and 59.4 tons per 

uare inch, were evidently of a class of steel 
that might be called rail metal, while the 
sample 6A, which had a tensile strength of 43 tons 
with’an elongation of 12 per cent., was of a class of 
steel far more suitable forits purpose. The analysis 
given by Mr. Ratliffe of the steel used by him 
showed, he considered, a composition suitable for 
the work. As regarded the corrosion of the 
sample of boiler plate exhibited by Mr. Ratliffe, 
and referred to in his paper, such corrosion was 
frequently caused by water from the triassic forma- 
tion containing sulphate of lime. He (Mr. Adamson) 
had, however, generally found that after a few 
months steel plates suffered less than iron. The 


‘analysis given in the paper showed, he remarked, 


that the particular steel plate exhibited by Mr. 
Ratliffe had a composition which rendered it quite 
uafit for use in boilers ; such steel was only suitable 
for rails, He agreed with Mr. Ratliffe as to the 
uncertainty in the quality of scrap forgings, 
and he added that if this irregularity in the cha- 
racter of the scrap was experienced at the Mersey 
[ron and Steel Works, where exceptional facilities 
for selection and classification existed, how much 
more must it affect the products of smaller es- 
tablishments. It would, he remarked, be interesting 
to know how the failure of the broken shafts referred 
to by Mr, Ratliffe occurred, and whether they had 
been worked in connexion with single cylinder or 
compound engines, the strains in the former case 
being more irregular and severe. In conclusion he 
agreed with Mr. Webb and Mr. Clay that it would 
be best to make large forgings from solid ingots, 
and to employ ample hammer power. It was, he 
re @ question whether a powerful press 
could not be used to greater advantage than a 
hammer, and he mentioned that Sir Joseph Whit- 
worth regarded the press as the most effective, as it 
acted more efficiently in the centre of the forging, 
and, as it were, kneaded the metal, while hammering, 
unless very heavy, acts on the surface only. While 
believing that solid ingots were the best, he, how~ 
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ever, again congratulated Mr. Ratliffe on the success 
he had attained. 

Mr. Edward Riley next asked if Mr. Adamson 
had had any se with cast-steel crank axles 
which had not been hammered at all, but simply 
cast and annealed. To this Mr. Adamson replied 
in the negative. Mr. Riley then went on to speak 
of the corrosion of steel, and remarked that he had 
lately seen near Glasgow some rejected steel rails 
which had suffered from corrosion to an extraordi- 
nary extent, the scale being }in. thick, Whether 
this corrosion was due to the composition of the 
rails he could not say, but severe corrosion of steel 
rails had occurred on the Great Northern Railway, 
and there could be no doubt that under some condi- 
tions the corrosion of steel was very great. With 
respect to this, Mr. Beaumont remarked that at the 
meetings of the British Association for 1841 and 
1842 some reports were presented on the corrosion 
of iron and steel under different circumstances, and 
these reports contained information which appeared 
to him to deserve to be more widely known. 


Mr. Putnam, who spoke next, agreed with the’ 


opinion that had been —— that the papers 
should be in the hands of the members prior to the 
meetings. As regarded the best material for large 
forgings, he remarked that had any of the makers 
of the large shafts referred to by Mr. Ratliffe been 
asked for test pieces, they would have produced 
samples which would have given the same results 
as those made by Mr. Ratliffe. He did not agree 
with the mode of making large shafts advocated by 
Mr. Ratliffe, but believed that the best way to pro- 
duce such shafts was to make them of moderate- 
sized pieces built together cold. In this way it was 
insured that all parts of the shaft were properly 
worked during forging. It had been alleged that 
the parts of built-up shafts might become loose in 
the event of a bearing heating, but this could be 
avoided, He moreover still believed that the best 
material for shafts was selected scrap iron drawn 
down into slabs and properly worked; if, however, 
steel were used it was better to have the solid ingot 
than a welded-up forging. As regarded locomotive 
crank axles he eg Putnam) had made numbers of 
selected scrap for the North-Eastern Railway, and 
had got a mileage of over 300,000 miles. The 
breakage of crank axles was, moreover, not always 
to be attributed to faults in the material, but was 
often caused by bearings being slack, or out of line, 
and in fact to undue strains caused by improper 
treatment. When from slack bearings a large shaft 
was subjected to a severe shock 120 times a minute, 
its fracture was naturally only a question of time. 
Twenty years ago he (Mr, Putnam) had drawn 
down and worked a Bessemer steel ingot into bars, 
and had forged an axle from these bars for the 
Stockton and Darlington Railway, but the result 
was unsatisfactory. 

The President, speaking of the suggestion which 
had been made that the papers should be placed in 
the hands of members a week prior to the meetings, 
said that such a course would be impracticable, 
and even if possible he considered it would be un- 
desirable, as it would probably have the effect of 
keeping members away from the meetings. It must, 
moreover, be borne in mind that it was always com- 
petent for members to propose the postponement of 
the discussion of any paper where this course seemed 
desirable. 

Mr. Ratliffe in replying on the discussion remarked 
that Mr. Putnam’s experiment in welding up steel 
bars had proved unsuccessful, and this showed the 
difference between Mr. Putnam’s mode of proceed- 
ing and his own. 1t was he maintained not good to 
have a crystalline shaft; what was required was a 
fibrous material. But however a large forging is 
worked under the hammer the fracture of the metal 
will still remain crystalline, while, on the other 
hand, by rolling, fibre is developed. The figures he 
had givenrespecting thelife of locomotive crank axles 
were simply extracted from the official reports of the 
Board of Trade. So far as he was aware only small 
shafts had up to the present time been made by 
casting and annealing only (Mr. Putnam here re- 
marked that Messrs. Vickers, Sons, and Co. had 
turned out some large shafts of that kind), All 
steel, he observed, is crystalline to start with, but 
when rolled to a certain extent fibre is developed. 
The hydraulic press, he believed, would develop fibre 
better than hammering. Since his paper had been 
prepared, he had, he might mention, seen a steel 
bloom drawn from the furnace partly “ burnt,” and 
believing the burnt part to be spoilt, he had it cut 
off and put aside, although the forgemen maintained 





that it would work up all right. Subsequently he 
had the piece reheated and drawn down to the 
sample he exhibited, the tests of this sample show- 
ing an excellent material, so that this mild steel was 
not necessarily spoilt by being burnt. 

At the conclusion of Mr, Ratliffe’s remarks a 
hearty vote of thanks was accorded to him for his 


paper. 


NITROGEN IN STEEL AND THE CONSOLIDATION OF 
Fium STEEL, 


The two next papers read were one “ On Pre- 
liminary Experiments to determine the Presence of 
Nitrogen in Steel,” by Mr. Alfred H. Allen, of 
Sheffield, and ‘‘On the Consolidation of Fluid 
Steel,” by Mr. Alfred Davis, Westminster ; these 
two papers being read successively and the discussion 
taken on them jointly. Mr. Davis’s paper we gave 
in exwtenso on page 255 of our last number, while 
Mr. Allen’s paper was ae songs a reproduction 
of that read by him before Section of the 
British Association, at Sheffield, and which we pub- 
lished on page 185 of the present volume, 

The discussion on these papers was opened by Mr, 
E, Windsor Richards, who stated that he had tried, 
at the Eston works, the process of compressing b 
steam pressure described by Mr. Davis, and wi 
very encouraging results. With the soft steel, how- 
ever, he had found that the 60 lb. pressure which 
they had available was not sufficient to obtain perfect 
soundness, and he was about to try higher pressures. 
He believed that a pressure of 200 lb. per square 
inch would be required. Mr. Davis, he added, 
must, he thought, be in error in saying as he did in 
his paper that before the system of compressing was 
adopted at the Edgar Thomson Works ‘it was 
‘“* necessary to cut off from 30 in. to 36 in, of the 
‘* bloomin order to arrive at a part free from piping ;” 
a length of 3.0 in. or 3.6 in. must, he thought, be 
meant. As regarded the manner in which the steam 
acted, it seemed to simply drive out the gas before it. 

Mr, I. Lowthian Bell, who spoke next, said that 
the quantities of nitrogen in steel (0.005 to 0.020 
per cent.) reported by Mr. Allen, are so small, that 
they may be regarded as almost inappreciable ; 
while it was, he considered, scarcely proved that 
air was entirely absent from the vessels used, Had 
Mr, Allen, he asked, ever retested steel from which 
all nitrogen was a to be expelled, and then 
got a negative result? 

Mr. Edward Riley agreed with Mr. Bell’s re- 
marks on Mr. Allen’s experiments, and added that 
in the case of turnings, such as had been used by 
Mr. Allen, there was a powerful surface action 
which tended to retain air until the metal was 
strongly heated. As he understood the experi- 
ments, the metal was ultimately all converted into 
oxide if the experiments last long enough. Mr. 
Stead said that he had some time ago made 
search for nitrogen in steel, and had obtained re- 
sults fairly agreeing with Mr. Allen's, but that the 
percentage of nitrogen was so small that he did not 
consider its presence of importance, and therefore 
discontinued the investigations. 

The next speaker was Mr. Adamson, who stated 
that he had seen the process of compressing fluid 
steel by the action of steam, and he agreed with 
Mr. Richards as to the pressure which would pro- 
bably be required for dealing effectively with soft 
steel. At first sight it might, appear strange that 
the pressure of steam could effect the result it did, 
but if the area of the whole surface of an ingot 
acted upon by the steam was calculated, it would be 
seen that the aggregate pressure was enormous. 
Sir Joseph Whitworth was in the habit of casting 
his ingots in circular boxes to stand the force of 
compression ; but with the steam process the steam 
goes between the ingot and the mould, and it was 
found that the top was concave when cold, showing 
that compression of the centre had gone on after the 
outside was set. The sides were also hollow. 
It was, however, he considered, an open ques- 
tion whether the process of compression increased 
the strength of the metal. In an experiment 
he had made by subjecting a piece of steel toa com- 

ressive force of 25 tons per square inch, he had 

een unable to effect any diminution in the cubic 
capacity of the sample, although the’ shape was 
altered. If the density of the metal could not be 
altered by pressure he doubted whether its strength 
would be increased. For giving solidity he believed 
that the plan of compressing fluid steel by means of 
steam would answer as well as hydraulic pressure, 

Mr. Jeremiah Head, who spoke next, asked what 
were the gases enclosed in ingots, and are the blow- 





holes vacuous or are they bubbles of gases 
which are occluded when the metal is subjected to 
pressure? As regarded the intensity of the pressure 
required he remarked that the pressure at which 
-water was bottled, and which was sufficient to 
secure the occlusion of the carbonic acid in the 
water, did not exceed that Bes lied by the steam to 
the fluid steel. To Mr. Head’s inquiry Mr. Snelus 
replied that he and ‘Sir Henry Bessemer had both 
come to the conclusion that the gas contained in the 
bubbles in ingots was carbonic oxide; while he in 
his turn inquired how the steam pressure was main- 
tained in the ingot moulds if openings were left at 
the bottom for the escape of gases as Mr. Davis 
had described? Mr, Davis, in reply, said that the 
holes at the bottom. were very small, so that the 
pressure was maintained, and he. had, he added, seen 
the escaping gases ignite, so that there was no doubt 
that gases were expelled, As regarded the remark 
of Mr. Richards respecting the length of the unsound 
part of the bloom cut off before the process of com- 
pressing was adopted, he (Mr. Davis) had simply 
quoted* the figures he had received from Mr. Jones, 
of the Edgar Thomson Steel Works. A few re- 
marks from Mr. Allen brought the discussion to a 
close, and votes of thanks were then passed to Mr. 
Allen and Mr, Davis for their respective papers, 


THE HARDENING OF STEEL. 

On the motion of the President a somewhat 
lengthy but exceedingly interesting paper ‘‘ On the 
Hardening of Steel,” by Professor Richard Akerman, 
of Stockholm, was then taken as read, and its dis- 
cussion adjourned to the next meeting. We shall 
shortly publish this valuable paper in ewtenso, and it 
will be unnecessary therefore for us to give an 
analysis of its contents here. 


Wrovueut-Iron PERMANENT Way AND TOUGHENED 
GLASS SLEEPERS. 

‘Lhe two last papers read were ‘‘On the New 
Wrought-Iron Sleepers laid on the North-Eastern 
Railway,” and ‘‘ On the Application of Toughened 
Glass to Permanent Ways,” both by Mr. Charles 
Wood, of Middlesbrough. Both of these papers we 
print in the present number on pages 273 and 270 
respectively. The discussion was taken on the 
two papers jointly and was very brief, Mr. Hender- 
son, who is about to take up the manufacture of the 
toughened glass sleepers in Scotland, directing 
special attention to the great powers of resistance 
shown by the experiments quoted in Mr. Wood's 
paper,t while Mr. Jeremiah Head testified to the 
excellence of the permanent way formed by Mr. 
Wood's wrought-iron sleepers as laid on the North. 
Eastern Railway, and Lieut. Bucknall stated that 
the toughened glass sleepers put down on the North 
Metropolitan Tramway had so far stood successfully 
without fracture, although they were laid at a point 
where they were subjected to a very severe cross 
traffic, heavy loads drawn by a traction engine pass- 
ing over them, A vote of thanks was then accorded 
to Mr. Wood for his two papers, 





The President then announced that he had just 
received a telegram which he would read ; but upon 
which there could, of course, be no discussion. ‘I'he 
telegram was from Samuel Francis Longstaff, 
Norton, near Stockton-on-Tees, and was as follows : 
‘* Give the Institute my protest against Mr. Picton’s 
assertion that Sunderland Bridge was designed by 
Tom Paine ; Rowland Burdon was the designer.” 

On the motion of the President the following 
votes of thanks were then carried by acclamation : 
‘*To the Mayor of Liverpool, Mr. Horsfall, Mr. 
Ratliffe, and the local reception committee for the 
kind and valuable assistance they had rendered in 
promoting the success of the Liverpool meeting; 
to the Mayor and Corporation for the use of St, 
George’s Hall; to the Dock Board for the facilities 
they had afforded to the members on the occasion 
of their meeting; to the owners of the City of 
Berlin, Germanic, and Gallia, and of works of Liver- 
pool and neighbourhood open to visit to the 
members ; to the London and North-Western Rail- 
way Company; and to the directors of the Ex- 
change, and all others who had contributed to the 


* We believe that the apparent anomaly pointed out by 
Mr. Richards has arisen from the erroneous use of the 
word ‘‘ bloom” in Mr. Davis’s paper. We believe that the 
lengths, 30 in. and 36in., refer to the lengths of crop ends 
or unsound pieces cut off the rolled bars before all traces 
of piping were lost. : 

+ Particulars of these experiments were also given in an 
article on these toughened glass sleepers which we pub- 
lished a few weeks ago (vide page 154 ante), 
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PORTABLE ENGINE FOR SMALL BOATS. 


CONSTRUCTED FROM THE DESIGNS OF MR. JAMES B. HERRESHOFF, BY MESSRS. AHRBECKER AND SON, ENGINEERS, LONDON. 


(For Description, see Page 266.) 
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success of the present meeting by the facilities so 
freely placed at the disposal of members of the In- 
stitute.” With these votes of thanks the meeting 
terminated. 


Tue Lonpon AND Nortu-WESTERN RAILWAY WoRKS 
AT CREWE, 

The afternoon of Friday was devoted to a visit to 
the London and North-Western Railway Works at 
Crewe, avery large party of the members bein 
conveyed there by a special train kindly provid 
by the railway company. On their arrival at Crewe 
the members were received by Mr. F. W. Webb, 
and conéu ted to thedrawing-oflice, where a luncheon 
was hospitably provided. ‘The fact that the draw- 
ing-office afforded ample room for the seating of 
over 300 guests will give a fair idea of its size. On 
the conclusion of the luncheon Mr. Webb, speaking 
on behalf of the company, welcomed the visitors to 
Crewe, and gave a few facts illustrative of the pro- 

of the London and North-Western Railway 
omomne. In 1858 the locomotive mileage run was, 
he said, little over 16,000,000 miles, while in 1878 it 
had amounted to over 41,000,000 miles. As regarded 
the rolling stock at present owned by the company, 
the engines and tenders if put in line would extend 
18 miles, while the carriages would reach 32 miles, 
and the wagons over 120 miles. As illustrative of 
the resources of the Crewe Works he mentioned the 
rapidity with which they had been able to rebuild 
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the Llandulas viaduct recently carried away by the 
floods in North Wales, the new superstructure for 
this viaduct consisting of six lines of steel girders 
spanning seven openings of 32 ft. each (there being 
42 girders in all), having been made and put together 
at Crewe in seven days. One of their standard 
locomotives had, he added, been recently erected at 
Crewe and turned out complete, ready for steam, in 
254 hours. 

e time availab!e for the inspection of the works 
was a little under three hours, and in such a brief 
period — like a complete examination was of 
course impossible. The arrangements made were, 
however, excellent, and under the guidance of Mr. 
Webb, aided by Mr. Worsdell, the visitors had none 
of their time wasted. Taking his guests direct from 
point to point, and stopping only were there were 
objects of special interest to be examined, Mr. Webb 
managed to show his visitors far more than might 
at first have seemed possible in such a brief period. 

Just as it is impossible to inspect the Crewe 
a yg in three ay wold it is also im- 
possible in the s at our di to give any- 
thing like a Salil cneund of them, and we pro- 
pose therefore on the present occasion only to speak 
of certain matters to which the attention of the 
members of the Iron and Steel Institute was spe- 
cially directed on Friday last, and which have not 
been already dealt with in this journal.* 


* Notes on many of the special features of the Crewe 
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The Bessemer converting house, with its four 
converters, was first visited, and thence the visitors 
were conducted to the department containing four 
Siemens-Martin furnaces, these furnaces being built 
on stages at such a height that the pouring of the 
ingots can be performed at the ordinary ground 
level. Adjoining these furnaces the visitors had an 
opportunity of examining the new plate mill which 

. Webb has put up for the manufacture of the 
enormous plates which he is now using for the barrels 
of his locomotive boilers, a single plate forming the 
barrel. The mill, which is of admirably simple de- 
sign, has two rolls each 38 in. in diameter, these 
rolls being cast hollow, and each having a 23-in. 
wrought iron shaft passed through it. At one end 
the rolls are coupled by overhung pinions—there 
being no separate pinion housings—while at the 
other end the axis of one roll carries a spur-wheel 
about 16 ft. in diameter. To this wheel the driving 
axle of a locomotive, fixed by the side of the mill, 
is geared, the total ratio of the gear being 35 to 1. 
The locomotive is supplied with steam by its own 
boiler, and as Mr. Webb puts it, a plate is rolled by 
simply running the engine at 60 miles per hour for 
five minutes. The whole forms a most simple and 
effective arrangement. The plates rolled by this 
Works will be found in our accounts of the visit of the mem- 
bers of the Institution of Mechanical Engineers, in 1872, 
and of the members of the Iron and Steel Institute, in 1876 
(vide ENGINEERING, Vol. xiv., page 94, and vol. xx., page 
228, respectively). 
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COMBINED DREDGER, TUG, AND FIRE ENGINE, FOR CALCUTTA. 


CONSTRUCTED BY MESSRS. HAWKS, CRAWSHAY, AND SONS, GATESHEAD, FROM THE DESIGNS OF MESSRS. BRUCE AND BATHO, ENGINEERS. 
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mill for making the barrels of the standard boilers 
- ysin. thick by 11 ft. 3in. wide, and 12 ft. 9 in, 
ong. 

The plan of driving rolling mills by a locomotive 
| om down as a stationary engine has become a 

avourite one at Crewe, and passing on to the rail 
department, the visitors had an opportunity of 
seeing such an engine driving a small mill on each 
side, these mills being engaged in the production of 
light sections, such as spring steel, &c. Close by 
also was shown a press for straightening fishplates, 
the London and North-Western Company now 
using a deep form of fishplate curved in section so 
as toclip under the rails. Of the three-high rail 
mill at Crewe constructed from Mr. Webb’s designs, 
and driven by a Corliss engine, we published en- 
gravings and a description about three years ago 
(vide page 359 of our twenty-second volume), and 
we need only say here, therefore, that the mechanical 
excellence of its design and its smooth working at- 
tracted much attention on Friday last. 

The next department visited was that devoted to 
the manufacture of points and crossings. Of this 
shop we spoke briefly on a former occasion, but the 
plant with which it is fitted has since been much in- 
creased, and it now contains a set of special machines, 
unequalled probably in the world for their particular 
work, Amongst these tools are multiple planing 
machines for planing switches, and multiple shaping 
machines for shaping rails to form built-up points 
and crossings. ‘The details of these machines are 
marked by many excellent and special features, 
which however it would be impossible to describe 
= ‘The whole department is a model of its 


Passing on to the boiler shop the visitors had an 
opportunity of examining Mr. Webb’s practice in 
the use of steel. As our readers are nearly all aware, 
Mr. Webb is now, and has foralong time past, used 
steel exclusively as the material for the shells of 
his boilers, and the success he has met with renders 
his practice of special interest, At Crewe all rivet 
holes except those in angle bars (where angle bars 
are used) are punched, but especial care is taken to 
thoroughly anneal after punching. In fact the care 
taken to relieve all undue strains by annealing is 
one of the most noticeable features of Crewe practice, 
it being a strict rule to anneal any plate after it has 
undergone such mechanical treatment as might 
induce local strains. Thus an examination of the 
boilers wf go oy showed that the smokebox tube 

lates had been annealed subsequent to the tube 

oles having been bored, while in the case of frame 
plates an annealing process is gone through after 
they have been roughed out to shape by punching. 

On page 257 of the present number we give a 
—_——— view of one of Mr. Webb’s standard 

ilers with the barrel made of single plate. The 
length of the firebox casing is 4ft. 9in., and the 
length of the barrel 10 ft. 6in.; while the firebox 
casing is 7 ft. 04in. high, and the barrel is 4 ft. } in. 
in diameter outside at the firebox end, and 3ft. 10 in. 
in diameter at the smokebox end, it having same 
taper as the barrels formed of three rings placed 
telescopically. As will be seen from our engraving, 
the shell is formed of five plates only, viz., the 
back and front plates of the firebox casing, a single 
plate forming both sides and crown, the barrel plate 








(For Description, see Page 269.) 
Fig.4. 
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and the smokebox tube plate. The inside firebox is 
of copper, The joint of the barrel plate is made 
along the top, and is a single-rivetted butt joint 
with inside and outside covering strips. The barrel 








y 5} in. wide, while the rivets are } in. in diameter 
at 2in. pitch and placed with their centres 
about 14in, from the edge of the plate. This joint 
has been — by Mr. Webb after many experi- 
ments on different forms and proportions, and he 
has found it to give 71.6 per cent. of the strength 
of the solid plate. The rivets are of steel. A 
noticeable feature in the proportions of the joint is 
the distance of the rows of rivet holes from the edges 
of the plate, this distance having been found 
necessary to prevent the distortion of the holes 
under strain. On the other hand, in the cover 
atrips where there is an excess of strength, the 
holes come at an ordinary distance from the edge, 
so that there is no difficulty in caulking properly. 

Another feature in the boiler-making practice at 
Crewe consists in the treatment of the plates with sal- 
ammoniac and water. Mr. Webb has found that in 
some cases the proper tightness of a joint was inter- 
fered with by the presence of scale or magnetic oxide 
on the plates, and to remove this the plates are now 
jaye over both inside and outside at the joints with 
sal-ammoniac and watertoremove thisscale, the effect 
being to reduce the amount of caulking required, 
Moreover, it had been noticed that where e was 
knocked off and the surface of the plate exposed, 
corrosion was likely to be set up with some waters, 
and to prevent this local action Mr. Webb now 
removes the scale altogether by sponging his boilers 
over both inside and outside with sal-ammoniac and 
water after they have been rivetted up. After the 
sal-ammoniac has done its work they are then treated 
with a coat of glycerine to prevent further oxidation 
from going on. 

Still another feature in the practice at Crewe is 
the thoroughness with which all materials are tested. 
Thus, in addition to the analysis of every cast made 
in the steel-making department, every plate used in 
the boiler sbop has a piece sheared off and subjected 
to certain standard bending and drifting tests, the 
latter consistin ” drifting out cold to 2 in. in dia- 
meter a # in. hole in a strip 24 in. wide. The rivets 
are also subjected to bending tests and to upsetting 
endways cold under a hammer, a } in. rivet 2} in. 
long being, under the latter treatment, reduced to 
a cylinder 1 in. long by a little under 1} in. in dia- 
meter—pretty severe treatment, which shows the 
admirable character of the material. 

Our engraving on page 257 shows another feature 
in Mr, Webb’s recent practice, namely, the use of 
thin nuts on the outer ends of the firebox stays, in. 
stead of rivetting the ends over. The stays are 
screwed in from the inside, We may mention here 
that the tapping of the stay holes at Crewe is done 
by a very simple arrangement, consisting of a light 
wheel driven by a gut and having at the end 
of ita axle a socket to fit the tap. e wheel is 
mounted on a light frame which can be held by a 
man, the driving band being so arranged as to allow 
of the wheel being shifted from hole to hole as re- 
quired. The man working the apparatus inserts the 
-_ and applies the wheel to them while a boy in- 

ide the firebox hands the taps back as they pass 
through. Our engraving on page 257 aiso shows 
how the boilers at Crewe are mounted for transport 
on two trucks adapted to the little 18 in. gauge 
railway which traverses the works. 


pute is sin. thick, and the cover strips jin. thick 
8 
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The rivetting at Crewe is performed by Tweddell’s 
hydraulic rivetters of both the portable and fixed 
types, one of the latter being of a special —— 

rovided with a gap sufficiently deep to take the 
fui length of the 1 of a locomotive 
boiler, thus enabling the seam between the f ; 
barrel and firebox casing to be rivetted in 
it, even when the barrel is made in a single 
plate. Near this machine the visitors 
were shown an example of the very neat 
mode of making up the fire-hole which Mr. 
Webb has now adopted, and which is 
shown by the annexed sketch. From the 
latter it will be seen that a ring at this 
point is dispensed with, the firebox and 
firebox shell plates being dished to meet 
each other, as shown. ‘The fire-hole door 
now used by Mr. Webb opens inwards, and 
forms the deflector when open, The ar- 
rangement is very neat, and we hope to be 
able to illustrate it. Passing out of the 
main boiler shop, the attention of the 
visitors was directed to some plate-flang- 
ing by hand, as about the last work of its 
kind likely to be seen at Crowe, a hy- 
draulic plate-flanging machine being now 
at the works ready to be erected. 

Traversing the boiler fitting shop, the engine re- 

airing shop was next visited, and here the mode of 
acing hornblocks in place was shown, as well as the 
boring of cylinders in place, and the planing of 
valve faces by portable machines with rotary cutters. 
The apparatus for facing the hornblocks is an 
exceedingly convenient one, and we illustrate it on 
page 261 of the present number, our engraving show- 
ing it in use on the frame of a six-coupled engine. 
It consists really of three similar machines, each 
consisting of a cross-frame which can be con- 
veniently fixed to the hornplates, each of these cross- 
frames having at each end a pair of revolving discs 
carrying the cutting tools by which the hornblocks 
are faced. The tool-holding discs are driven by 
worm gear, the motion to the worm shafts being 
given by gut bands, as shown. The cross-frames 
are set square with the engine frames, and adjusted 
to the proper distance apart—corresponding to the 
centres of the wheels—by suitable gauge bars, while 
a very neat adjusting arrangement enables the 
cutters to be set so as to face the hornblocks to the 
exact width of the opening uired, certain 
standard widths of opening being adopted to which 
the blocks are faced as wear takes place. The ma- 
chine saves much manual labour, and what is still 
more valuable, it insures very great accuracy in the 
wheel centres. The whole of the details of the ap- 
paratus are excellently worked out. 

The next department visited was the forge, where 
the visitors were, amongst other things, shown the 
rolling of large angle bars (steel) for carriage frames, 
the rolling of plates in the reversing mill, the forg- 
ing of heavy plate ingots by Mr. Ramsbottom’s 30- 
ton duplex-hammer—a tool which seems admirably 
adapted for the work—and the forging and rolling 
of steel tyres. The large saw put down by Mr, 
Ramsbottom for cutting Bessemer blooms, &c., hot, 
was also shown at work cutting the heavy angle bars. 
‘This saw, which is 7 ft. in diameter and formed of 
a plate in. thick, runs at about 600 revolutions 
per minute, giving a circumferential speed of 
13,000 ft. per minute, and it was originally driven 
by a pair of engines with cylinders 17 in. in diameter 
and 24in, stroke, running at 150 revolutions per 
minute, the speed of the saw being got up by gear- 
ing. ‘This arrangement was, however, altered some 
five years ago, Mr. Webb applying to it a Brother- 
hood three-cylinder engine coupled direct to the 
saw spindle. The engine has three single-acting 
cylinders 14 in. in diameter with 8 in. stroke, and 
it does its work admirably, the high speed seeming to 
agree with it uncommonly well, 

Of the reversing plate mill, the duplex hammers, 
and the plant for tyre-making at Crewe, we have 
given particulars on former occasions, and we need 
not therefore dwell on these matters here. We 
may, however, mention that the hornblocks on 
which the tyre rings are forged under the hammers 
are now arranged so that a constant flow of water 
takes place through them, by which their durability 
is much increased. The water when heated is dis- 
charged freely through a hole at the end of the 
block, so that there is no danger of an accident 
arising from steam being formed inside. 

From the main forge the visitors were conducted 
to the new forge which has lately been started for 
dealing with scrap, this being provided with a 




















couple of rolling mills driven by a locomotive fixed 
as a stationary “— and the whole arrangements 
being excellent. From this department the visitors 
proceeded to the new paint shop of which we spoke 
on a former occasion, and thence they were taken 
to the older part of the works, passing through the 
millwrights’ shop, iron foundry, pattern shop, and 
saw mills to the wheel forge and springsmithy. In 
the smithies some admirable specimens of stamping 
work were examined, while the spring shop also 
included some appliances of special interest. 

Of the locomotive erecting and fitting shops, with 
the inspection of which the visit to Crewe concluded, 
we can speak but very briefly, notwithstanding that 
they abound with special tools and appliances of 
very considerable interest. Our space, however, 
will only permit us on the present occasion to speak 
of two machines, both of which we illustrate on 
page 260 of the present number. One of these is a 
quartering machine of a very simple pattern con- 
structed from Mr. Webb’s designs. In this machine 
the pair of wheels to be operated upon is mounted be- 
tween a pair of centres, while the boring of the crank- 

in holes is performed by boring bars which can each 
be placed on any one of a series of holes formed in 
the headstocks, these holes being placed so as to 
correspond to different standard throws of cranks. 
By this means accuracy in the throw of the cranks 
is absolutely insured, there being no ible error 
of adjustment. The arrangement of the drivin 

ear for the boring bars will be readily unders 
bom our engraving without special explanation. 

The other machine, illustrated on page 260, isa 
very handy device for re-turning crankpins of crank 
axles without removing the wheels from the axle. 
The central part of all the crank axles used at 
Crewe is of one diameter, and the frame of the ma- 
chine under notice is made to clip this part, being 
further held by gripping one of the crank arms, as 
shown, ‘The frame is in outline like an inverted L, 
the horizontal arm forming a bed, on which works a 
headstock, having an annular revolving cutter 
holder. This cutter holder is driven by worm gear, 
to which motion is given by a gut band, and the 
cutter is carried by it round the crankpin, while the 
traverse along the bearing is effected by moving the 
headstock along its bed by hand. The machine does 
its work well, and effects a material economy of time 
and labour.” 

It is with regret that we are compelled to deal so 
inadequately with the Crewe Works, but our space 
will not permit us to dwell upon them further, and 
we can only say that these works, with their admir- 
able organisation and wonderful collection of special 
tools and appliances, constitute an embodiment of 
mechanical skill and energy such as has few parallels 
either at home or abroad. 

With the visit to Crewe the Liverpool meeting of 
the Iron and Steel Institute came to a fitting con- 
clusion, Crewe constituting the dispersing point for 
the members, many of whom, however, returned to 
Liverpool by the special train placed at their 
disposal. 


A PORTABLE ENGINE FOR BOATS. 

WE give on page 264 engravings of an interesting little 
engine which has lately been constructed by Messrs. H. 
©. Ahrbecker and Son, of Stamford-street, S.E., from 
the designs of Mr. James B. Herreshoff. Our engraving 
is one-third full size, the engine having a cylinder 2} in. 
in diameter with 3 in. stroke, and being intended to work 
at 500 revolutions per minute with steam at a pressure 
of 150 lb, per square inch, cut-off at two-thirds of the 
stroke, under which circumstances it will develop four- 
horse power, while its weight, including the boiler, is but 
50 1b. only, the weight of the engine alone being but 
2341b. The boiler, or rather steam generator, is of the 
well-known Herreshoff type, and consists of a copper pipe 
$ in. in diameter and 75 ft. long, made into a coil 15 in. 
in diameter and 7} in. high, and enclosed in a casing 
17} in. high and 17in. in diameter made of phosphor- 
bronze, No. 29 B.W.G. thick. 

The engine is bolted to the generator, and the whole 
ean readily be lifted into and out of an ordinary boat, no 
special arrangement being required in the boat beyond a 
couple of cleats, to which a rope can be made fast so as 
to hold the engine in place, as a flexible propeller shaft is 
used which is placed over the stern. It will be remembered 
that Messrs. Herreshoff use a flexible steel shaft in their 
large torpedo boats,* and the arrangement has been found 
to answer well notwithstanding its somewhat strange 
appearance. 

In our engravings, Figs. 1 and 2 are vertical sections 
of the engine ; Figs. 3, 4, and 5 a plan and end elevations 
of the bedplate ; Fig. 6 an internal elevation of the steam- 
chest showing the stop valve; Fig. 7 an elevation of the 














* See ENGINEERING, vol. xxvii-, pages 93 and 94. 





eccentric strap ; Fig. 8 a sectional plan of the crosshead 
and engine frames, showing the form of the crosshead 
guides; Figs. 9 and 10 views of the slide valve; and 
Fig. 11 a vertical section through the pump valve-box 
and delivery air vessel. From these views it will beseen 
that the constructive details of the engine possess many 
special features. The cylinder is of steel shaped out of a 
solid block, and the piston, piston rod, crankshaft (which 
has the eccentric forged on), slide rods, and crosshead pin 
are also of steel. The various bolts are of steel with 
phosphor-bronze nuts, and the baseplate, standards, 
connecting rod and strap, and cylinder covers are of 
No. IL phosphor-bronze, the remaining parts being of 
No. VII. phosphor-bronze. 

The bearing and rubbing surfaces are lined with 
Babbett metal, and the crankshaft plummer-blocks are 
provided with fusible metal washers under the nuts of 
the cover bolts, so that in the event of a bearing heating 
the fusible washers are melted, and the cap thereby is 
slackened. A similar arrangement is also provided in the 
case of the eccentric strap bolts, and an equivalent 
device in the case of the large end of the connecting rod, 
a fusible metal liner being there interposed between the 
butt of the rod and the adjacent half of the bearing. 
To reduce weight the parts have been made hollow 
wherever possible ; thus the crosshead and crosshead 
pin are chambered out, as shown, and the eccentric rod 
and connecting rod are made tubular, the hollows in these 
cases serving as receptacles for oil. The bearing surfaces, 
it will be noticed, are all very large, notwithstanding that 
lightness has been so strongly sought after. 

The after bearing of the crankshaft is the thrust bear- 
ing, while the cap of the forward bearing has the pump 
valve-box made solid with it, as shown by Fig. 5. The 
pump plunger is hollow, and in place of being packed 
by a gland it is fitted at its lower end with a packing 
arranged to tighten out against the bore during the 
down stroke. This arrangement has, however, only 
been applied experimentally, provision being made for 
subsequently packing the plunger with an ordinary 
stuffing-box if found desirable. The gland for the 
piston rod, it will be noticed, is tightened up by a cap 
fitting the external screw on the stuffing-box. 

The valvechest is bolted to the cylinder, the chest 
really forming its own cover. The steam enters at one 
side of the valve chest, and the stop valve consists simply 
of a centre valve capable of being screwed against a 
suitable seat formed at the mouth of this opening, as 
shown in Fig. 6. 

Altogether the little engine we have been describing is, 
as we have said, a very interesting one, not only from 
the novel features in its design, but also from the manner 
in which its makers have successfully dealt with the 
difficulties of manufacture due to the extreme lightness 
and in many cases complicated form of the different parts, 
We hope on a future occasion to be able to say some- 
thing of the practical results attained with this little 
engine. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The export trade of the port during the past 
week was not so brisk as was expected, owing principally 
to the scarcity of to . The returns for the week show 
a decrease in the quantity of coal shi foreignwise of 
12,418 tons, but orders are good for all kinds, and prices 
are firmer than they have been for some months past. The 
quantity of iron digped shows an increase of 1230 tons, 
but the exports of patent fuel were rather less last week. 
hey = generally are firm outwards, especially to the East 
and Mediterranean ports. 

Great Western Railway.—The Clevedon branch of the 
Great Western Railway was converted on Monday from 
broad to narrow gauge. The broad gauge will soon be 
merely a matter of past railway history. 

Penarth Harbour.—A new ship-way and gridiron have 
Penarth Shipbuilding and Ship Repairing Company.” The 

en ipbuilding an ip iri lompany. e 
ship-way is ft. long, and will accommodate vessels of 
2000 tons net register. The length of the gridiron is 350 ft. 

Swansea.—The tin-plate trade is brightening, tin plates 
are in good demand, and prices are stiffer. Some makers 
are receiving — orders, chiefly on American account. 
There is not much change in the state of the tin market ; 
nevertheless, sellers have been firm throughout the week, 
and in some instances prices have advanced to the extent 
of 5s. or 10s. per ton, and up to 741. has been paid for 
arrival. A fair business continues to be doing in spelter, 
but prices show little alteration. 

Iron Exports from Cardiff.—The following shipments of 
iron were made last week from Cardiff : “Bails to New 
York, 450 tons by the Dowlais Company and 220 tons by the 
Rhymney Iron Company ; to Rio de Janeiro, 510 tons by 
the same company ; to Philadelphia, 540 tons by the Dowlais 
Iron Com ; to Ponce, tons by Messrs. Jones, 
Heard, and In; ; spiegel iron to New York, 850 tons ; 
and to Philadelphia, 700 tons by the Dowlais Iron Com- 
pany. 


Newport.—Trade was livelier in the past week than for 
many previous weeks. The quantity of iron ore delivered 
at the port ae 13,359 bey eae A, in the 

revious week. e exports of iron amoun 2243 
aay of which 1000 tons went to New York, 903 tons to 


Baltimore, and 250 tons to liari. There is some ho 
that te ou trade hat had slat which will soon 
1 i. 
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COMBINED DREDGER, TUG, AND 





CONSTRUCTED BY MESSRS. HAWKS, CRAWSHAY, AND SONS, GATES§E! 


(For Description, 


















































































































































































































































AND FIRE ENGINE, FOR CALCUTTA. 


ATESJEAD, FROM THE DESIGNS BY MESSRS. BRUCE AND BATHO, ENGINEERS, 





Description, see Page 269.) 
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THE THAMES. 

For several years past attention has been drawn 
in our columns to the condition of the Thames, 
both above and below bridge—that is, from Ted- 
dington to Sea Reach—during the spring and 
summer months. But in the present year it has 
been scarcely possible to recognise any division of 
the seasons owing to the extraordinary meteoro- 
logical conditions which have prevailed. But this 
circumstance has shown some very interesting 
results, highly instructive in themselves, and afford- 
ing valuable information for the authorities on whom 
depend either the conservancy, pollution, or purifi- 
cation of the river. 

Before stating the results of personal observation 
as to the condition of the river from April to Sep- 
tember of the present year it may be desirable to 
give a short résumé of the report of the Thames 
Conservancy Board for 1878, which has recently 
been issued. 

The Conservators state that they have kept in due 
order all the moorings, buoys and beacons, piers, 
landing-places, &c. The river has been deepened 
near Barnes, Hammersmith, and Fulham, as well as 
at various places between Staines and Teddington. 
Dredging has been executed off Cubitt Town, Bow 
Creek, above and below Woolwich, and near Rain- 
ham Creek, By the Conservancy Act of 1878, the 
powers of the Conservators, with reference to the 
purification of the Thames and its tributaries, were 
extended to a distance of ten miles from the river. 
With a view of carrying out such additional 
powers, and of exercising a closer supervision over 
the river and its tributaries above the western 
boundaries of the metropolis, the Conservators have 
appointed two additional inspecting officers, They 
have also caused to be taken samples of effluent 
water from mills and other places for chemical ana- 
lysis; and when such effluent was found injurious 
and offensive, notices have been served on the 





offenders of prosecution unless the nuisance be at 
once abated. : 

In regard to the influx of sewage into the Thames, 
the report states that the sewage works at Oxford 
are still incomplete, despite the pressure brought on 
the local board by the Conservators, who receive 
constant reports from their officers as to the state of 
the works, which they are assured will be finished 
in the course of the year. When this has been 
accomplished, the works for diverting sewage from 
the Thames adove the intake of the metropolitan 
water companies will be complete. In regard to 
financial matters the Conservators speak hopefully 
for the future. 

We have hitherto omitted one of the most im. 
portant parts of the report which bears on the rela- 
tionship existing between the Thames Conservancy 
and the Metropolitan Board of Works. In numerous 
articles during last year the subject was frequently 
discussed in ENGINEERING, and for full information 
on the matter we refer our readers to those articles, 
But the dispute may be briefly stated as follows : 

The Thames Conservancy charged the Metropo- 
litan Board with creating deep shoals, and causing 
great pollution of the Thames by the influx of the 
sewage into the river at the Barking and Crossness 
outfalls. The Metropolitan Board, on the other 
hand, charged the Conservancy Board with neglect- 
ing the banks of the river throughout their jurisdic- 
tion. Much time, paper, and money—but little 
common sense—were wasted over the discussion. 
To maintain their views the Metropolitan Board 
had two excursions down the Thames last Novem- 
ber. The negative results of these have been fully 
described in our issues for the end of that month, 
and in December last. We have constantly urged 
that both Boards were to blame, and have as strongly 
urged that they should make common cause for the 
benefit of the public, rather than waste time in what 
was no better than petty squabbling. We are glad 
to find that common sense has got the better 
of professional rivalry, and therefore now quote 
verbatim the omitted passage already referred to, 
which is as follows : 

‘* During the latter part of 1878, the correspon- 
dence between the Conservators and the Metropo- 
litan Board of Works respecting the deposits near 
the sewage outfalls was continued, and has since re- 
sulted in the recent sapetnnest of an arbitrator by 
each Board, under the provisions of the Thames 
Conservancy Act of 1870, and the Board of Trade 
has been requested by the Conservators to appoint 
an umpire, 

‘‘The Conservators trust that the important 
question raised by this correspondence as to the 
effect on the river of discharging the sewage of the 
metropolis at Barking and Crossness, may now be 
thoroughly investigated and settled.” 

We sincerely join in the hope, and in connexion 
with this subject we propose to record the follow- 
ing results, derived from personal examination of 
the Thames during the last and present years, 
viz., from April to August in 1878, and from April 
to September in 1879. 

From April to August, 1878, the temperature of 
the air and water was exceptionally high. On 
April 13, 1878, the temperature of the Thames 
water as tested at North Woolwich was 62 deg. 
On the same date in 1879 a heavy snowstorm lasted 
from 12 at noon to 7 P.M. During the same period 
in 1878 the rainfall was suddenly evident at in- 
tervals, but during 1879 it was continuous, pouring 
enormous quantities of fresh water into the Thames 
above Teddington. For all practical purposes we 
may date the fresh condition of the Thames at a 
week or two preceding the excursions of the Metro- 
politan Board of Works at the end of November of 
1878. The thorough scouring of the Thames from 
Richmond to Purfleet then commenced, and has 
since continued. 

Towards the end of May, 1879, the river presented 
powd sine olive colour indicating the growth of 
confervoid matter, which appeared early in April, 
1878, the difference of time being due to the low 
temperature prevailing during the present year, and 
also to the enormous influx of fresh water from the 
Upper Thames, Consequent on the heavy floods 
which prevailed up to the beginning of August, no 
results observed are worthy of mention. In the 
first week of August, 1879, the following were the 
results obtained between Hungerford Bridge and 
two miles below Gravesend. At the site of Cleo- 
patra’s Needle on the Thames Embankment, the 
water was exceedingly turbid. At*London Bri 
owing doubtless to the excreta and refuse from the 





shipping in the pool, it was more discoloured. On 
4th of August the granite steps which lead from the 
Blackwall Pier to the steamboats were invisible at 
a depth of lin. from the surface of the water, 
owing to an immense amount of suspended matter 
apparently derived from the efflux of water from 
the adjacent docks eastward, at a little above high 
water (beginning of flow), No sign of sea-water 
either by mechanical or chemical tests was evident. 
It appeared that the river was surcharged by fresh 
water. At Gravesend, so far as the Lobster Tavern, 
which nearly faces the end of Sea Reach, the deposit 
of mineral and organic matters. had - enormously 
increased, In 1878 the deposit, just below the 
barracks at Gravesend, was but } in. in thickness. In 
the present year it exceeded 4 in, in thickness ; this 
was explained by some old fishermen as being due 
to the effects of the north-east wind which had 
driven the ‘‘saltings” from the point off Leigh, 
across the river. Possibly this may have been the 
cause, but that should be a question for the Thames 
Conservancy Board to solve. 

During the end of August and the commence- 
ment of September the river was thoroughly scoured 
from Teddington to Erith. The banks below Cross- 
ness on each side were entirely free from deposit, 
with one remarkable exception, This occurred at 
the North Woolwich Pier. There was a deposit of 
minute red worms close to the North Woolwich 
Gardens, which we have not seen since 1855 in any 
part of the Thames. At that period there were 
about two acres of these worms, varying from a 
depth of 1 ft. to 4ft., resident around the old 
Hungerford Bridge Pier. These were constantly 
shown to audiences at the Polytechnic Institution 
by means of the oxy-hydrogen microscope. We 
can only infer from the presence of these worms, 
that there is some inlet of sewage into the Thames 
at or about the situation of the North Woolwich 
Pier. 

In the second week of September of the present 
year the Thames presented an appearance of com- 
parative purity, which so far as our remembrance 
goes has not been equalled during the last forty 
years. From London Bridge to Deptford Pier the 
water was so clear that the sun’s rays could be dis- 
tinctly seen shining through the water beneath a 
barge. All flocculent matter seemed nearly absent. 
But on the ebb of the tide the north side of the 
river became flocculent, owing apparently to water 
from the docks due to shipping leaving them. 

For the last six weeks we have failed to discover 
any deposit of sewage D pac ame that already 
named off North Woolwich) or any deposit arising 
from ‘saltings” west of Greenhithe. There it is 
evident that the duties of the Thames Conservancy 
have not been fully carrried out. The banks are 
rapidly wearing away, and the river is consequently 
much discoloured, 

Taking the present condition of the river, at the 
end of September, it may be stated that for many 

ears past it has never presented a better appearance. 

he great amount of flood water has thoroughly 
changed its complexion. Asan instance of this it 
may be noticed that a gudgeon was seen in the 
river, opposite to the end of the Temple Gardens, 
snatching at a fly on Friday week, just as high water 
occurred. On the 23rd of September an enormous 
shoal of porpoises entered the mouth of the Thames, 
a circumstance that has rarely been seen for many 
years. But on the other hand it must be observed 
that, so soon as the flood water had ceased, the 
old flocculent suspended matter became apparent. 
Three weeks ago there was not the slightest appear- 
ance of deposit on any of the stairs on the Embank- 
ment between Westminster and Blackfriars Bridges. 
But on the ceasing of the floods such deposit has 


ain appeared. 
“eThe Mellowing hints may be gathered from the 


brief résumé of facts already given, and which we 
trust may be heeded by the authorities who are to 
decide between the Thames Conservancy and the 
Metropolitan Board in regard to the future of the 
Thames, which decision we believe will be made 
with impartiality, and in the absence of professional 
rivalry : 

I Daring 1878 the meteorological and other con- 
ditions were adverse to the purity of the river, both 
in respect to its mechanical and chemical pollution. 
During 1879 these adverse conditions were almost 
entirely absent. 

2. It therefore follows that whatever views may 
be respectively entertained by either Board, they 
should in the final decision be resolved, not in the 
presence of either shoals from sewage or saltings, 
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but rather by a due consideration of the exceptional 
circumstances above mentioned which occasion, 
destroy, or modify such conditions. 

And. last, and by no means least, in reference to 
the important question of the pollution of the river, 
it must be borne in mind that what cannot be other- 
wise called than “ noxious manufactures,” should 
be carefully seen to. Within our remembrance 
there was scarcely a manufactory between Green- 
wich and Gravesend, but now there is scarcely a 
bank that has not its factory. We sincerely hope 
that the Thames Conservancy and Metropolitan 
Board will take up the whole question in a public 
spirit, and consequently earn what we believe they 
each aim at—public gratitude for their exertions. 
But this result we can scarcely hope for at present, 
because we are afraid that the past experience of 
each of these authorities leaves much to be gained 
in the practical knowledge that they should possess 
before they can possibly arrive at a conclusion 
which could be at once definite and finally satis- 
factory. 

At the nt time, and most probably this condi- 
tion will last up to April, 1880, the Thames affords 
an excellent opportunity for what may be called its 
regeneration. In 1828, Mr. Goldham, the then clerk 
of Billingsgate Market, pointed out the evils of the 
influx of se In previous years the fishermen 
of the Thames made a good livelihood by aiding the 
citizens of London in fishing for roach, dace, &c., 
off the piers of old London Bridge. But these days 
of purity have long since passed away. To some 
extent, as the recent floods have shown, they may, 
however, be regained. But so long as the refuse of 
the shipping in the Pool between London Bridge 
and Deptford, and of the docks so far as Blackwall, 
&c., enters the river, there will be a permanent but 
oscillating mass of impurity that will present almost 
insuperable obstacles to the restoration of fresh- 
water fish within the limits of the metropolitan 
area. The change that has taken place in the Lea, 
between Tottenham and Lea Bridge (that is the 
canal), illustrates this, In the year 1845 we have 
known at least a quarter of a hundred-weight of 
roach, &c., taken in a few hours by the line. Now, 
thanks to the impurity of that river, a roach is a 
rarity. A really effectual “‘ Rivers Pollution Pre- 
vention Act” is still, and will we fear long be, an 
unattained result. 








THE MESSAGERIES MARITIMES. 

Tas great French naval undertaking continues— 
with the help of liberal subventions from the French 
Treasury —to move on satisfactorily. The value of 
the company’s fleet stood at the close of 1878 at 
2,164,896. The original cost of the fleet was 
4,180,889/., but this was reduced to 2,164,896/. by 
successive allowances for depreciation at the charge 
of revenue, The fleet was reduced in 1878 by the 
removal from it of the Danube and the Hooghly ; 
on the other hand it was increased last year by the 
addition of the Congo. The allowance made for 
depreciation in 1878 was not less than 178,605/. 
The Congo, which is a vessel of 600 horse power and 
5410 tons of displacement, made her first voy: 
between Bordeaux, Rio de Janeiro, and La Plata in 
August, 1878. ‘The Danube, the first screw 
steamer built at the company’s Ciotat works, had to 
be condemned last year as being past further service ; 
the original cost of this ship had been, however, 
wholly redeemed by sinking-fund allocations. The 
Hooghly, which, pending the completion of the 
Congo, had been devoted to the Brazilian and La 
Plata lines, was lost during a thick fog, November 16, 
1878, shortly before reaching Montevideo; hopes 
were at first entertained that the vessel might be 
floated off, but these anticipations were doomed to 
disappointment, although the wreck of the ship 
was happily not attended with any loss of life. At 
the close of 1878, the company had still two large 
vessels in course of construction in its Ciotat yards. 
These vessels were, first, the Oxus. a ship of 600 
horse power nominal and 5410 tons of dis ment, 
intended to be placed on the Marseilles and Shanghai 
line ; and, secondly, the Saghalien, which a little 
later will complete the naval force required to 
assure the efficient working of the company's great 
transoceanic lines, ‘To sum up the state of the com- 
pany’s fleet, we may remark that at the close of last 
year it comprised 56 ships of an aggregate force of 
20,610 horse power and an aggregate of 168,172 
tons of displacement. 

During the last few months the administration of 
the company has removed from Suez the tools 





placed in a workshop) established there for the 
repair of steamers, is course was adopted be- 
cause the opening of the Suez Canal rendered it 
much easier for the management to bring temporarily 
disabled steamers back to Marseilles. ‘The directors 
appear to have hesitated before breaking up the 
Suez workshop; their hesitation was attributable 
to an expectation which they entertained that it 
might answer the purpose of the Egyptian Govern- 
ment to purchase the establishment. This antici- 
pation not having been realised, the directors at last 
decided to remove the best of the Suez tools to 
the Ciotat works and to dispose of the remainder 
as old materials, The value of the company’s tools, 
furniture, and ap tus was accordingly reduced 
from 616,882/. to 615,746/. at the close of 1878. 
The value of the stores, coal, and works on 
hand was estimated at the close of 1877 at 
489,430/.; at the close of 1878, the corresponding 
total had risen to 495,062/. It says something for 
the care and vigour of the management that the 
council of administration ope to provide out of 
the disposable resources of the company for the re- 
payment next year of a six per cent. loan for 400,000/. 
contracted by the company upon the establishment 
of its Chinaline. By thus liquidating this substan- 
tial loan, the council of administration will sensibly 
relieve the revenue account of the company. 

By the terms of a convention concluded with the 
French Government in July, 1875, the aggregate 
distance which the company’s steamers have to 
traverse annually is 467,183 marine leagues. ‘This 
total is made up as follows: Mediterranean line, 
146,552 marine leagues; Atlantic line, 99,552 
marine leagues; and India, China, and Japan line, 
221,077 marine leagues. Extra services are, how- 
ever, generally rendered by the company every 
year, and the return of its steamers to the Ciotat 
works for repairs also involves a certain amount of 
light running. Altogether, the company’s steamers 
traversed last year an aggregate distance of 592,349 
marine leagues, as compared with 582,546 marine 
leagues run in 1877. It was on the company’s 
Mediterranean line—and especially in the Black 
Sea, which was restored to commercial activity by 
the close of the war in the East—that an increase 
occurred last year in the distance run by the 
company’s steamers. The re-opening of the port 


of Odessa enabled the company to resume regular | Mr 


relations with Russia in February, 1878. In April 
last year the Danube was also re-opened for naviga- 
tion, and the company thus regained a profitable 
source of traffic. Irrespective of the restoration to 
the company of its Black Sea traffic, the company 
was induced to undertake some extra running last 
year in consequence of the occupation of Cyprus by 
the English, it being deemed advisable to unite 
Cyprus to the Syrian line. This latter experiment 
was, however, soon discontinued, as it did not prove 
a paying business. In the Indian Ocean no addi- 
tional mileage was run last year, but seven supple- 
mentary voyages were made on the annexed line 
from Marseilles to London. An outbreak of yellow 
fever in Senegal, a quarantine régime established in 
La Plata, and the loss of the Hooghly, somewhat dis. 
turbed last year the regularity of the voyages made on 
the company’s Transatlantic lines. Thus the com- 
pany’s steamers had once or twice to pass Saint 
Vincent, and one or two voyages to Montevideo and 
Buenos Ayres had also to be omitted. In other re- 
spects, the various lines of the company were worked, 
however, with regularity and also with satisfactory re- 
sult in1878. Thenumber of steamers owned by the 
company which participated in its services last year 
was 52, and only two vessels were hired during the 
year, these being used upon the small Batavian line. 
The average distance run by each of the company’s 
steamers last year was the highest on record, viz., 
11,341 marine leagues; in 1877, the corresponding 
average had been 10,579 marine leagues. The 
average speed attained last year was about the 
same as in 1877, viz., 114 knots per hour on the 
main China line as well as on the Brazilian and La 
Plata lines, and rather more than 1] knots per hour 
on the Mediterranean lines. The average speed 
attained last year upon the whole of the company’s 
lines, including the commercial voyages made, was 
10.81 knots per hour; this was a higher rate of 
speed than that attained in any previous year. As 
regards the business developed & the company, we 
may add that 111,806 passengers, 392,656 tons of 
goods, and specie and securities to the aggregate 
value of 8,181,951/. were carried by the company 
last year. The corresponding movement in 1877 
was 94,666 passengers, 348,721 tons of goods, and 





specie and securities to the aggregate value of 
7,960,000/. ‘There was thus a sensible increase in the 
volume of business done by the company in 1878. 








THE NATIONAL EXHIBITION AND 
MARKET. 

Durine the present week an exhibition is bein 
held at the Agricultural Hall, Islington, paar es | 
on its catalogue as ‘“‘ The National Exhibition and 
Market of Machinery and Appliances used by 
Brewers, Maltsters, Distillers, Wine Merchants, 
Licensed Victuallers, and Hotel Proprietors, and in 
the Manufacture of Aérated Waters, Syrups, Cor- 
dials, Cider, Perry, Liqueurs, Cigars, Tobacco, 
Pipes, &c,” It is intended, should the present essay 
be successful, to hold this exhibition yearly, one of 
the present conditions of its repetition being the 
amount of business done by the exhibitors. About 
260 exhibitors have responded to the applications to 
take part in this show, and as may be expected from 
the wide scope of the undertaking, the nature of the 
exhibits is of a highly varied character. Broadly 
speaking, they may be divided into: 1. Motors. 
2. Brewing and distilling plant, and accessories to 
these industries. 3. Natural products appertaining 
to them. 4. Aérated water machinery. 5. Tast- 
ing stalls for liquor of all descriptions; and 6. Mis- 
cellaneous. The first class is represented by some 
nine exhibitors, first of whom may be placed Messrs. 
Aveling and Porter, who show a 4-horse power 
road locomotive, of their standard type, and of 
which a large number are employed by brewers for 
the transport of material or manufactured products. 
They also have a large flat wagon built to carry 
4 tons, or 20 barrels of beer, and which is fitted with 
high sides for carrying empty casks. Messrs. Robey 
and Co., of Lincoln, exhibit a 3-horse power verti- 
cal engine and boiler, and a 12-horse power hori- 
zontal engine and locomotive boiler of their standard 
type, illustrated and described by us on page 450 of 
our eighteenth volume. Messrs. Proctor and Wallis, 
of London, have several small low-priced engines and 
boilers, and the same firm have supplied the power 
for driving what machinery is in motion at the Ex- 
hibition. Messrs. A. Marshall and Co., of White- 
chapel, also make a small exhibit of engines and 
boilers, as does Mr. A. Postlethwaite, of Egham, 
. E. §S. Hindley, of Bourton, Dorsetshire, 
and Messrs. Jeffrey and Blackstone, of Stamford. 
Mr. Andrew, of Stockport, exhibits several of 
Bisschop’s one-man power gas engines in operation, 
driving churns, coffee mills, &c, 

About thirty-two manufacturers of brewing and 
distilling plant are represented, first of whom should 
be mentioned Messrs, Pontifex and Wood, of Lon- 
don and Derby. This firm makes a fine display of 
copperwork and gun-metal fittings, including two 
types of refrigerators, and a new form of the so- 
called fountain, which appears to find great favour 
with brewers. This apparatus consists of a copper 
tube terminating at the bottom with an open cone, 
and provided at the top with a conical deflector or 
cowl. Its principal object is to prevent the worts from 
boiling over in the open fire copper, and it promotes 
an active circulation and mixing of the worts. The 
fountain is placed with the cone resting on the bottom 
of the copper over the hottest part of the fire below. 
A continuous and veryactive circulation is induced up 
the pipe, the wort passing into the cone through a 
number of holes formed near its lower edge, and the 
ascending stream is thrown violently against the 
under side of the deflector or cowl, and from it dis- 
tributed over the surface of the boiling wort. 
With this apparatus the copper can be worked 
almost full, that is, within 6 in. or 8 in. of the top, 
without any danger of boiling over. ‘The apparatus 
exhibited is provided with a sliding tube which 
carries the deflector, and by means of a chain pass- 
ing over a pulley this slide can be raised or lowered 
so as to adapt the apparatus for any depth of wort 
in the copper. A malt mill, two mashing machines, 
an attemperator, cask fittings, and a three-throw 
es complete the chief exhibits of this firm, Messrs. 

. Pontifex and Sons, of the Albion Works, London, 
also make a good show. They exhibit one of 
Steel’s mashing machines, in which the grist and 
liquor are passed together through a horizontal 
eylinder before entering the mash tun. The 
cylinder contains revolving rakes which perform the 
operation of mashin, ing before delivery into the tun. 
They havealso seve ot yg for spent hops, in which 
the hops are delivered into a perforated cylinder, 
in which is a powerful screw press. Bandelot’s 
refrigerator made by this firm is also shown. It is 
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a well-known form, consisting of a series of hori- 
zontal tubes through which the cooling water passes 
from the bottom to the top, while the wort drips 
over the outside of the tubes and is caught in a 
trough below. Besides these objects Messrs. Pon- 
tifix and Sons show a thirty-barrel copper with 
wrought-iron casing, a cask washer, filters, attem- 
perator, and a number of miscellaneous fittings, as 
well as a small fining machine, introduced from 
Australia. This machine consists of a cylindrical 
brush turned by a handle at one end and work- 
ing within a fine copper gauze cylinder. The 
finings are fed from a hopper and worked 
through the gauze of the brush into the receiver 
below. Messrs, Lawrence and Co., of Notting Hill, 
London, show several of their refrigerators, for 
which they received a gold medal at the recent Paris 
Exhibition. This refrigerator consists of two deeply 
corrugated sheets of thin copper connected together 
in such a way as to leave a clear internal space, the 
two walls of the apparatus being secured and 
stiffened by distance strips soldered on at short in- 
tervals, The cooling water is forced into the bottom 
of the refrigerator and passes through the spaces 
between the corrugations to be discharged at the 
top. The wort to be cooled is fed into a trough at 
the top of the refrigerator, and flows down the out- 
side of the latter, thus passing over a very large 
cooling surface. ‘lhis apparatus is mounted in 
preference on trunnions, for convenience of repair- 
ing, cleaning, &c. Among the other exhibitors of 
brewing plant we may mention Messrs. H. Wilson 
and Son, of Stockport, Mr. S. Pearson, of Southwark, 
Messrs. Johnson and Co., of London, who show 
several horizontal yeast presses, Mr, Chedgey, of 
Southwark, whose exhibits are composed chiefly of 
glass pumps, pipes, and fittings for distillers and 
vinegar makers, and Messrs. Rice and Mound, of 
Notting Hill, London. Cask makers are strongly 
and well represented. Thus the Steam Cooperage 
and Vat Company, of Commercial-road, London, 
make a good display of hogsheads, barrels, and 
casks of all sizes, as well as of separate parts in 
various stages of manufacture; Messrs. Ch. Hill 
and Son, of Clerkenwell, have a similar collection, 
and so have Messrs, Campbell and Swainhouse, of 
Limehouse. Gillman and Spencer’s divided casks 
are quite a novelty, and attract considerable notice 
at the show. These casks are formed longitudinally 
in halves, each half being complete in itself, and 
strengthened at top and bottom by bands and iron 
brackets rivetted to the heads; dowell pins are fitted 
to one-half, and corresponding holes are made in the 
other. When the two parts are fitted together, 
and the hoops slipped over, the cask is not to be 
distinguished from any ordinary one. The ad- 
vantage claimed by the exhibitors for this arrange- 
ment is the great facility afforded for cleaning, the 
longer duration of the cask, and the avoidance of all 
danger of spoiling the contents. The same exhibitors 
show a black enamelj for coating the inside of 
barrels with an entirely impervious substance, to 
prevent any impregnation of the wood by the con- 
tents, By the combination of the divided cask and 
coated surface they claim a far greater duration, 
less trouble and expense in cleaning, and a perfectly 
clean and impervious surface. Mr. Hendry, of 
Stoke Newington, shows a well-made oak mash tun, 
with fir bottom 6 ft. 1 in., largest diameter, and 
43in. deep. Mr. Church, of Kingsland, has asome- 
what similar exhibit, and we may also mention the 
name of Mr. K. Johnson, of New Kent-road, as a 
contributor of this class of objects. 

Several malt and other screens are shown, and 
especially we may notice those of Messrs. Perry and 
Co., of Lincoln, and Messrs. Nalder and Nalder, of 
Wantage. ‘The specialities of these two makers are 
so well known, and have been so often referred to in 
ENGINEERING, as not to require further notice here. 

_Several examples of malting floor plates are ex- 
hibited, and in this connexion we may notice the 
drawings shown to illustrate Galland’s pneumatic 
process of malting. In this process the malt laid on 
open floors is exposed to the action of air drawn 
through it by means of fans placed at one end of 
the building, the temperature and moistness of the 
air being exactly regulated by being drawn through 
a large filter at one end of the floor. The thick- 
ness of malt laid upon the floor is about 
30 in. The floors used in preference are those 
of Herrmann, exhibited by Mr. Lewis Olrick, 
of 27, Leadenhall-street, London. They are 
formed of stout wires laid with parallel openings 
about ~, in, between them; at intervals of 
about 3 in. rods yy in. in diameter are placed at 





right angles to the wires, which take one turn 
around them, the wires being flattened at the 
places where they are wound in order to reduce 
the space to the dimension above given. By this 
arrangement the greatest ible amount of air- 
space is secured, and the form of the long slits or 
openings, 3in. by y% in., render it impossible that the 
grain can choke up the air passage. Moreover, 
the structure has a great rigidity, reducing the 
weight and cost of the supporting joists, the floor 
offers an uninterruptedly smooth surface, and it 
can be laid or renewed very quickly. Consider- 
able experience has shown that the claims for 
this class of floor are not excessive, and some of the 
wwe brewers and maltsters in the country have 
ad them in use for a considerable time. Several 
other classes of malting floor plates are exhibited, 
plaited wire with square meshes, perforated, cast, 
and wrought plates, &c., but they are all of them 
so manifestly inferior to the one we |have just 
noticed, that they may be passed over without de- 
scription. 

Of interest to brewers, distillers, &c., is the 
exhibit of Messrs, Le Grand and Sutcliffe, Magdala 
Works, Bunhill-row, London. As is well known, 
the speciality of the firm is the so-called ‘‘ Abys- 
sinian” tube wells, modified and improved since 
their first introduction into this country. The 
rapidity and cheapness with which these wells can 
be sunk recommend them very widely, and we 
notice that they are in use in some of the a 
breweries of thiscountry. A few sack, malt, an 
general hoists are exhibited, this class of manu- 
facture being represented by Messrs. W. and T. 
Avery, of Birmingham, and Messrs. John Barker 
and Sons, Oldham. 

As may be a, eg of aérated water machinery 
there is a very large collection. Messra. Hayward 
Tyler and Co. send only two machines, the first a 
very old apparatus made in 1838 by this firm, and 
sold to Mr. McCarthy, of Romford, at whose works 
it has been in constant use up to the present time, 
and a machine of their newest type, able to turn 
out 1000 dozen bottles per day. The largest 
collection of machines of this class is that of Messrs. 
Barnett, Sons, and Foster, who contribute a variety 
of apparatus apparently of their standard types. 
We may also notice Messrs. Dows, Clarke, and Co., 
Messrs. Geraut, Eugene, and Co., London, Messrs. 
F. Clarke and Co., of Canterbury, who exhibit some 
small and very neat hand bottlers, turning out 60 
dozen an hour, and Messrs, Davenport and Co., of 
London, besides, of course, a number of makers of 
syphons, gazogenes, aérated water bottles, stoppers, 
and similar apparatus. It would be quite impossible, 
even if it were within our province, to notice the 
bulk of the miscellaneous objects exhibited. They 
comprise carriages, wagons, stoves, washing ma- 
chines, gas fittings, filters, tea and coffee making 
apparatus, billiard tables, public-house fixtures, 
‘‘ automatic cashiers,” tinfoil, notably that of Messrs. 
Erhardt and Co., of Walbrook, who show polished 
tin sheets of 13,000 square inches to the pound, and 
other foils, coloured and gilded, as well as a great 
variety of capsules, ‘There are besides, labelling ma- 
chines, cork-cutting machines, mechanical advertising 
mediums, wine bins, cask rests, &c., together with 
exhibits of tobacco prepared in every form for con- 
sumption as well as in leaf samples. It must be 
freely admitted that the title on the catalogue is 
fully justified by the heterogeneous nature of the 
exhibition, and before concluding this notice we must 
devote a little space toa notice of this same cata- 
logue. Itis of considerable dimensions, having 200 
pages, 70 of which are devoted to the enumeration 
of exhibits, and the balance to various essays, and a 
preface. The essays are eight in number, the sub. 
jects of the principal ones being “Stills,” ‘‘ Malt- 
ing and Malthouses,” ‘‘ The Development of Brew- 
ing Plant and Machinery,” and ‘Practical Opera- 
tions of the Brewery.” All these appear to have 
been carefully written, and form a useful though 
not a novel feature to an exhibition catalogue. e 
would suggest however to Mr. Lucien Wolf, editor 
of the pamphlet, that should he find himself 
called upon to write another preface, he should 
adopt a somewhat more modest tone. We may 
quote one or two passages: ‘ Exhibition catalogues 
hitherto have been either the most arid compilations 
of names and addresses, or—if aspiring to any literary 
character at all—mere rechauffes (sic) of current 
encyclopedic literature, In order, however, to 
realise as much as possible the educational aim of 
an exhibition, Mr. Dale determined when he con- 
ceived the idea of the present show that visitors 





should not merely rely upon their inner concious- 
ness and their variable receptive faculties, in order 
to di whatever lessons might be evolved by the 
anticipated competitions, and so he resolved that 
the catalogue should be made the vehicle for con- 
veying to their minds those advanced illustrative 
theories which alone can explain the importance and 
value of the exhibition. With this view he en- 
trusted to me the editorship of the catalogue,” &c. 
We fear that the essays in question, however 
valuable they may be, will not do much towards 
stimulating the digestive faculties of visitors, 
who will prefer—if they desire information — 
to obtain it from the exhibitors rather than 
from many pages of small type, referring only to 
generalities, and not to objects shown. ‘“ Returnin 
to myself, I think I can promise that, with the ai 
of the various authorities on commercial and indus- 
trial questions who have kindly offered me their 
assistance, this catalogue shall year by year be an 
unprecedented epitome of the most valuable thought 
that may be flying about during each period of 
twelve months.” 

We imagine that the promoters of this exhibition 
have no reason to be dissatisfied with the results of 
their first experiment, either as regards the extent 
and nature of exhibits, or the number of visitors, 
and we trust that their anticipation of repeating 
the exhibition may be realised. We shall naturally 
look forward to this event with the more interest, 
knowing that it will be accompanied by an ‘ un- 

recedented epitome” of thought that may have 
~ ‘‘ flying about” between to-day and the autumn 
of 1880. 





COMBINED DREDGER, TUG, AND FIRE 
ENGINE, 


Tue Calcutta Port Commissioners some little time ago 
called on their engineering agent, Mr. W. F. Batho, of 
Westminster, to design for them a vessel which should 
combine in one a dredger, tug, and fire-engine for the use 
of their harbour ; and the result of this request has been 
the construction from Mr. Batho’s plans of the vessel and 
apparatus of which we this week publish a two-page en- 
graving, and of which we also give further views on page 
265. The vessel, with her machinery, has been constructed 
by Messrs. Hawks, Crawshay, and Sons, of Gateshead-on- 
Tyne, and her principal dimensions are as follows: Length, 
130 ft., moulded breadth 22 ft. 6 in., and depth 10 ft. ; 
her mean draught is about 6 ft, giving approxi- 
mately a displacement of 370 tons, She is divided 
into seven water-tight compartments by six transverse 
bulkheads, There are two pairs of independent engines 
driving twin screws, the same engines being used to 
actuate the dredging machinery and the fire pumps. 

We will first describe the engines, boilers, and fire- 
engine pumps, and then refer to the dredging arrangement, 
which certainly is the boldest departure from ordinary 
practice we know of in this class of machinery. Each 
pair,of engines is of the inverted tilt-hammer type, the two 
pairs being placed back to back, their vertical centre linus 
converging towards the top. They are duplicates, and are 
perfectly independent, the surface condenser placed 
between them being the only part they have in common. 
They are compound engines with intermediate receivers 
and cranks at right angles, and have the air, circulating 
bilge and feed pumps driven by bell-crank levers fixed 
at one end, and connected by links to the piston-rod cross- 
heads at the other end. This arrangement was adopted 
to save room, the available space being very limited ; it 
of course has the disadvantage of leaving the weight of 
the pistons, piston-rods, and connecting-rods unbalanced. 
The cylinders are 15 in. and 27 in. in diameter, and 21 in. 
stroke, working with 70 lb. steam pressure at 110 to 120 
revolutions per minute. The engines are rated by the 
makers at:'30 nominal horse power each, and are capable 
of indicating up to 170 horse power each, or a total 
of 340 horse power, which it is expected will give 
the boat a speed of 10 to 11 miles per hour. ‘The 
cylinders are not jacketted, the high pressure slide valve 
is placed on the forward side of its engine, and the low- 
pressure valve between the two cylinders, The surface 
condenser has # in, brass tubes, packed at both ends with 
screwed glands, and has a total surface of about 600 
square feet. Theair and circulating pumps are each 10in. 
in diameter by 10} in. stroke, the feed and bilge pumps 
being each 3 in. in diameter, and the same stroke. Tho 
propellers are of cast iron, 6 ft.6in. in diameter, with a 
mean pitch of 8 ft. 6 in. There are two boilers, each 8 ft. 
3in.in diameter by 8 ft. 6 in. long, each containing two 
2 ft. 6 in. furnaces, and ninety 3-in. tubes ; the total grate 
area is 43 square feet, and the total heating surface 
1200 square feet. The furnaces and combustion chambers 
are made of Ridsdale iron, a brand which we are informed 
has uniformly given most satisfactory results when used 
in such situations, 

The fire-engine pumps are placed forward of the main 
engines, and are driven by spur gearing by the starboard 
engines at half the speed of the latter. They are each 
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12 in. in diameter by 18 in. stroke, and are placed 
vertically on their standards over the cranks which drive 
them. They both deliver into a wrought-iron air vessel 
from which there are connexions for four hose. 
The port main engines are used for working the dredg- 
ing apparatus, and put in motion the hydraulic pumps 
which transmit the power required for raising the 
material, and the air pump which generates the necessary 
pressure for discharging it to a suitable position on shore 
through hose pipes from the receiving tanks into which it 
has been temporarily deposited. The dredging gear con- 
sists of two of Bruce’s patent excavators, each capable of 
containing about 5 tons of stuff, these buckets being 
hemispherical in form, and so constructed as to open 
in three sections and dig into the ground, and then to 


close and grasp the load they are intended to raise. 
The whole of the motions of raising and lowering 
the buckets, as well as of opening and shutting them, 


are performed by hydraulic pressure. 


Referring to our two-page engraving it will be seen 
that the buckets work through two wells in the vessel, 
and part of the lifting and lowering motion is given by 
pistons working in hydraulic cylinders carried at the 
extremities of a vibrating beam to which oscillating 
vibrating 
hydraulic cylinders taking hold of the beam at points 
suspension 
immediately over 
be clear that when one 


motion is also given by two other 


between its centre and the points of 
of the hydraulic cylinders placed 
the buckets. It will thus 
bucket is in its highest position delivering its load into 
the shoot, the other bucket is at the bottom receiving 
its charge ; and from this arrangement it is evident that 
the whole of the machinery is perfectly balanced, the 
only resistance to be overcome being that due to the 
weight of the load plus the friction. Inside the piston rods 
of the outer cylinders, carried on the ends of the beam, 
there are smaller hydraulic cylinders giving the opening 
and closing motions to the three jointed sections of the 
digging buckets. The detail views, Figs. 4 and 5 on 
page 265, will explain these points. Two mud receivers 
are placed athwart ships between the centre of the main 
vibrating beam, and the two wells through which the 
buckets work, each having a capacity of 1250 cubic feet, 
and estimated jointly to contain 100 tons. The wells 
are provided with suitable doors at the bottom capable 
of being closed when the vessel is towing or moving 
from place to place, so as to lessen the resistances which 
would otherwise be caused by eddying currents. 

The hydraulic cylinders at the ends of the beam are 
carried on gimballs, to allow for the irregularities of posi- 
tion the buckets may assume owing to the nature of the 
bottom, and immediately above the points of suspension 
of the links controlling the opening and closing of the 
buckets, are fixed crossheads, placed athwartships of the 
vessel, carrying chains at their ends, which, when the 
buckets are rising, elevate shoots fixed at one end. These 
shoots follow the buckets up until they are in their 
highest position, by which time the free ends of the 
shoots are over the mouths of the receivers, into which 
the material which has just been raised is shot, by de- 
pressing the smaller internal hydraulic piston in the cy- 
linder at the end of the beam, and so opening the digging 
bucket, and allowing it to discharge its load. As in the 
trials we lately witnessed of the apparatus, some little diffi- 
culty was experienced in getting the shoot to rise nicely, 
owing to the line of pull of the chains used for elevating 
it being nearly in line with the centres round which its 
fixed end swung; we understand it is contemplated to add 
counterbalances to make the shoots work more smoothly. 

The hydraulic pressure used is 700 1b. per square inch, 
and it is generated by means of two pumps worked direct 
from the shaft of the port main engines. These pumps 
havo barrels 3} in, in diameter, with piston rods 2} in. 
in diameter, and have a stroke of 18in. As it is not 
advisable to have these pumps directly coupled on to 
their work, a steam, as well as a spring, accumulator is 
used, it beimg out of the question to employ an ordinary 
weighted accumulator, owing to its weight, height, and 
bulk. The steam accumulator consists of a cylinder 
30 in. in diameter, working direct on a ram 10 in. in 
diameter, both having a stroke of «ft. 9in. The spring 
accumulator has a ram 6 in. in diameter and 12 in. maxi- 
mum stroke, it is loaded to 10001b. by sixteen volute 
springs surrounding four columns placed on a plate on 
the head of the ram. 

The addition of these two accumulators was found to 
be very beneficial in working, as it permitted the storing 
up of a small quantity of water to come and go on; in 
attempts made to work the dredger before they were 
introduced it was found almost impossible to regulate 
the main engines which were driving the hydraulic 
pumps. 

The pipes connecting the latter with the working 
cylinders are 3} in. in diameter, and they are fastened to 
a kind of Y piece bolted on to the main vibrating beam 
having the tail concentric with the main gudgeon of the 
beam and provided with elbow swivel joints to allow for 
the motion of the beam; the connexion to the hydraulic 
cylinders placed at the outer ends of the main beam, 
which it will be remembered are carried on double 
gimballs in order to allow these cylinders motion in two 
planes, is also made by swivel elbow joints. We fear 
these joints may in practice be found liable to give some 
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Namber of State ¢ Place of 
Lift. of Bucket. Time. Discharge. REMARES. 
1 One-third full y Part in receiver 
2 Full . Over’ These first six lifts were all sent overboard owing to 
3 a . - want of practice in working the controlling tale, 
4 ps ’ oa the shoot accidentally being lowered at the same 
5 - y os time the digging bucket was opened. 
6 ue ’ One-third in receiver 
7 pA . All in receiver 
8 ” - ” 
Digging bucket had emptied hole under ship, which 
10 One thd fall ito Receiver — war ee — die digginn dredger was 
- ; arp ly moved so as ow diggi ucket to get 
11 Empty 11.05 ” old of fresh stuff. ° ° 
12 e 11.06 “ 
13 One-third full 11.08 %- 
14 Full 11.09 99 
15 * 11.10} ‘. j 
16 Empty ose ae Digger failed to close. 
17 Fall 11.13 Receiver 
18 One-third full | 11.14} Overboard Stopped to pack pump gland. 
19 RE 11.18} Receiver } Position of dredger not shifted close astern of an- 
20 One-half full 11.20 as | other vessel. 
a1 Very full : : Sat md Hydraulic cylinder assumed a considerable angle. 
23 One-half jfull 11.25 a Lump of coal stopped digger closing. 
24 Fall 11.26 os Stopped digging. 





trouble, and think it would have been a preferable job 
to carry the water connexions directly through the main 
beam gudgeons as well as through the trunnions of the 
gimballs carrying the outer hydraulic cylinders. 

On the 18th inst. we witnessed some trials made with 
the dredger in the Tyne, and in the annexed Table we 
summarise the results obtained. 

During these trials only one digger, the after one, was 
at work ; the ground was clay with mudatthe top. The 
twenty-four lifts were made, as will be seen from the ! 
annexed Table, in forty minutes, or, say, at the rate of 
thirty-six per hour, or seventy-two for both diggers, and 
taking each discharge equal to 5 tons, this gives a total 
delivery of 360 tons per hour. When the digging trial 
was ended it was attempted to force the mud out of the 
receiver by air pressure in accordance with Duckam’s 
patent system, but as the pressure could not be raised 


was found impossible to empty the tanks by this means, 
Considering the dredger is to work in Lower Bengal, 
where all kinds of earthwork can be so cheaply carried 
out by coolie labour, we very much doubt whether it 
would not have been more advisable to have arranged 


means the dredger could have been kept continuously at 
work instead of spending part of its time going back- 
wards and forwards between its work and the spoil 
bank. Less time would, we believe, be lost by a 





manceuvring about to take up its position, owing 
to its being provided with twin screws, and there will 
also be less strain on the moorings tending to displace 
them, as the action of the digger is vertical, and 
not oblique like that of a common dredging ladder, which 
is naturally always tending to push the boat out of its 
place, and causes great loss of time in getting exactly 
into position, particularly when cutting in narrow chan- 
nels or confined places. The chief difficulty, we fear, 
with the present arrangement of the plant will be caused 
by the wear of the packings in the outer hydraulic cy- 
linders over the diggers, due to dirt settling on the piston 
rods, which are of course naturally greasy, and dipped 
down each time a lift is made into the water, which of 


This objection can however be easily overcome in future. 
Altogether, we think the design from its simplicity and 
direct action one of great promise, getting rid as it does 
of all the wear and tear and friction unavoidable in the 
old system with the ladder and buckets, and having the 
advantage of having all its own working parts perfectly 
balanced. Great credit is due to Mr. Batho, the engineer, 
for the boldness of his design, as well as Messrs. Hawks, 
Crawshay, and Sons, the makers, for the very great care 
they have bestowed upon the construction, as well as for 
the quality of the workmanship and materials. 





TOUGHENED GLASS SLEEPERS. 
On the Application of Toughened Glass to Permanent 
‘ays. 
By C. Woop, M. Inst. C.E. 
I HAVE pleasure in laying before you some details and 
specimens of an invention which I am sure will be looked 
upon with considerable interest, not — from its great 
novelty, but because it may have some effect upon the iron 








pool. 


Nors.—The bottom of the river where the trial was carried out was covered with large and small lumps of coal, ropes, 
and pieces of rubbish, which often prevented the digger closing properly when they got between the edges. The pi 
were, however, so tight that the digger would hold water when they were allowed to come closely together. 


perforated metal, or p) 
thickness according to the rapidity and energy required in 
tempering, with the nature and composition of the glass— 
this energy 7 

course is full of dirt or grit stirred up by the digging. | ey yam oho 


has shown, all kinds of glass are equally aff 


. Paper read before the Iron and Steel Institute at Liver- ce’ 


ges 


industries of this and other countries. I mean the appli- 
cation of toughened i 
ways or tramways. 
the success of iron or steel. 
in anything that may affect those industries ; and, without 
expressing any opinion upon the toughened glass as 
= to railway purposes, I cannot help saying that, if 
e 
wonderful future before it. 


lass to sleepers and chairs for rail- 
e are all more or less interested in 
We are also equally interested 


rticulars given to me are correct, it must havea 


Mr. Hamilton Lindsay Bucknall, Associate Inst. C.E., 


the inventor of this new application, has kindly given 
me the following particulars concerning his glass sleepers. 


The glass is moulded into various forms to suit the 


different requirements, the cooling of the glass being so re- 
gulated that the radiation from each point of the surface 
corresponds to the thickness of the glass, thus enabling 
the casting to be equally affected throughout when 
undergoing the tempering or hardening process. 
above 5 lb. per square inch owing to some leakage, it { regulation of the radiation or absorption of the heat in the 

thicker parts of the casting is done by having i 
hollow, and by circulating cold water or cool air at those 
points where the glass is thickest, so that the casting cools 
equally all over. 


The 


iron moulds 


The mode of toughening the glass is both curious and 


to let the mud be delivered direct into barges; by this —, affording as it does a complete contrast to that 


The glass is heated to a high temperature and 


then plunged into a bath of cool oil or other liquid, the 
result being that the glass becomes converted 
characteristic brittleness to the remarkable tough fibrous 
material known as toughened or tempered 
dredger of this description than by ordinary ones in produce the desired effect and obtain the f 
of the snes Sees upon articles of great strength 
and thickness, Mr. 
ing or temperi 
Firstly, by carefully pee the glass from coming in 
direct contact with t 
ing of the surface of tae glass ; and secondly, by the use 
of the hollow moulds before s 
uniform temperature all over t 
ing. The tem 
passing them 


from its own 


lass, but to 
advantages 


F. Siemens has found that the harden- 
can be effected in the moulds themselves : 


e metal mould, to prevent the chill- 


ken of, for maintaining a 
casting during the harden- 

r is modified in these thick castings by 
ugh an annealing oven. 

The moulds are chiefly protected by layers of wire gauze, 

laster-of-paris, varying in layers or 


increased at the thick parts of the cast- 
the circulation of cool water or air 
ollow mould. So far as experience 
by the 
rocess. 

The toughening process as well as the hollow moulds 


are the patent of Mr. Frederick Siemens, of Dresden, and 
recently brought by that gentleman to great perfection by 
the simple and inex 
first cost of this specially prepared material will not exceed 
that of cast iron, but the specific gravity of glass is only 
one-third that of iron, and its strength for all 
purposes is as ; 
this way it is calculated that the first cost of glass will be 

considerably less than that of iron; and by a similar 
es calculation can be shown to be cheaper than wood. It 
is asserted that these glass slee € 
able to judge, last a very long time, being neither subject 
to corrosion nor decay. "U 


nsive means above alluded to. The 


ractical 
great. A large output is anticipated, and in 


will, as far as one is 


nder these circumstances, it will 


be unnecessary here to enter into any calculations to prove 
the enormous saving that will be effected in the mainte- 
nance and renewal of permanent ore, 

terial as glass has hitherto _— looked 
purposes where great strength is req 
as it may sound, the toughened glass is almost as strong as 
iron, whilst it Lewy = pew ye durability. Its qualities 

an 


Such a fragile ma- 
upon as useless for 


ired ; but impossible 


d investigation, and the time 


fair 
y deserve a fai bat 


may come when we shall see not only glass sleepers, 
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glass tools and implements, eaves troughings, or spouting ; 
for furniture, and many other t . 

Some of these glass sleepers are laid down upon the North 
Metropolitan Tramway (shown in Figs. 7 to 10). They are 
laid longitudinally in 3 ft. lengths 6 in. by 4 in., and are 
specially formed on the upper surface to allow of the rail 
exactly fitting. The a transverse resistance of the 
sleepers, tested at Mr. Kirkaldy’s works in Southwark, 
supported at 30 in., was found to be about 5 tons. 

The following are results of tests carried out at the works 
of Mr. William Henderson of Irvine, N.B. 

A falling weight of 9 cwt. dropped from a crane upon a 
glass plate 9 in. by 9 in. by 1} in. laid upon gravel ballast 9 in. 
deep, with a wood cushion 4 in. in thickness between the 
glass and the rail— 

Fall 3 ft. 0 in. without effect. 
Led 
” 
” 
” 
” 


9? ” 9? ” 

At this point the rail broke, and as the crane could not 
elevate the weight toa greater height, and a heavier weight 
was not available, a smaller section of rail was substituted, 
when the glass succumbed to a second application of the 
9 ewt. dropped from a height of 20 ft. A series of similar 
experiments were made upon this occasion with more or less 
the same results. A 4-in. cast-iron plate 9 in. by 9 in. 
by }in., tested in the same manner and under similar 
circumstances, broke with a drop of 10 ft. Several 
samples and specimens are upon the table. Amongst 
which is a bowl sleeper (shown in Figs, 1 to 3), also a 
buckled plate for floors (shown in Figs. 4 to 6). 

Mr. Bucknall proposes to make these sleepers out of 
blast furnace slag under Mr. Bashley-Brittain’s process, 
combined with the toughening process of Mr. Siemens. 
After describing to the writer the difficulties he has had in 
getting his experiments carried out in England, the in- 
ventor mentions, among other things, that the glassmakers 
to whom he appiied would not undertake any experiments 
unless all expenses were paid, and that these manufacturers 
would not make the moulds or presses for the process, but 
recommended other firms. On application to the press- 
makers, however, he got a quotation asking between 701. 
to 801. ; and it was stated that it would take three months 
to invent, and that he must be responsible for any extra 
charges made. Under these circumstances, he says, ‘‘I 
gave up in despair; but having casually heard of the 
Siemens process, I got an introduction, and was put in 
communication with Dresden, and within a week found 
myself at the glass works of Mr. F. Siemens in that city. 
In another week a wooden model, which cost 2s. 6d., 
was produced, and an iron mould made from it which cost 
about 30s. ; and two days afterwards I held in my arms the 
first baby glass sleeper; but so heavy was this first-born, 
that it suddenly slipped from my grasp and fell witha 
heavy thud upon the flags. I feared for the safety of my 
darling’s carcase, but upon careful examination, I found 
it to be unimpaired. here its longitudinal form lay 
upon the ground, not dead, but a veritable sound sleeper, 
still living, and probably worth more than a dozon dead 
ones.” 

Whether Mr. Bucknall succeeds in making railway 
sleepers or not, if this toughened glass be really as sound 
and good as is claimed, it must succeed for numerous 
purposes. We must learn to look upon all new things 
with a liberal spirit, knowing as we all do the exertions of 
a single individual in condemning a good thing usually 
reverts upon his own head. Iam sure of one thing, that 
Mr. Bucknall’s invention can do me no harm, and I wish 
him as much success with his glass as I have had with my 
wrought-iron sleepers upon the North-Eastern Railway. 
There is plenty of room for us all. 








RANSOME’S CEMENT. 
To THE EDITOR OF ENGINEERING. 
_ $18,—Referring to an article headed ‘‘ A New Cement” 
in your issue of the 12th ult. describing Mr. Ransome’s 
invention, will you permit me to state that ordinary Port- 
land cement haying a tensile strength of 1327 Ib. and 
upwards, on the usual section at seven days, instead of 
seven years, isnow not uncommon; and therefore, although 
the tests from Mr. Ransome’s cement which are given are 
remarkably good, especially when it is borne in mind that 
the process is in its infancy, they are still inferior to those 
which are now obtained from the best Portland cement. 
I may mention that I have been in the habit of testing 
Portland coment almost daily for the past ten years. 
I am, Sir, yours very faithfully, 
és : V. pE MicHeE.z, Assoc. M. Inst. C.E. 
5, Westminster Chambers, S.W., September 20, 1879. 








NOTES FROM THE NORTH. 
. GLascow, Wednesday. 

Glasgow Pig-Iron Market.—Much excitement pre- 
vailed in the warrant market last Thursday, and there was 
some heavy buying. Prices, however, were more steady, 
and there were no violent fluctuations, such as were seen 
on the previous day. The final transaction was done at 
the highest point touched during the day, which was also 
the highest price on Wednesday, but it stood 1s. 6d. over 
that day’s official closing quotation. Business was done 
during the forenoon at from 55s. up to 55s. 6d., thence 
back to 55s. 1}d., and the closing prices were—sellers 
598. lid. cash and 55s. 3d. one month. After hours 
Sts. Od. was accepted. In the afternoon prices improved 
to 5s. 3d. and 55s. 6d. cash, and from 55s. 6d. to 55s. 9d 
one month, and the closing quotations were—buyers 55s. 5d. 
and 55s. 9d. one month, and sellers 2d. per ton over. There 


in the warrant market, and prices made a further advance 
to the extent of 6d. per ton over those of the previous day, 
and the week closed 6s. 6d. per ton over the final quotations 
on the precéding Friday. Business started in the forenoon 
at 56s. 9d., being 1s. 3d. of advance, but subsequent! 
prices receded to 55s. 9d. cash and from 56s. 9d. to 56s. 3d. 
one month, closing buyers. at the lower quotations, and 
sellers ae 1}d. per ton more. In the afternoon prices 
went from 56s. to 55s. 6d., and thence back to 56s., closing, 
buyers at 56s. and sellers at 56s. 1}d. cash. Monday’s 
market was also in an excited state, and holders of iron 
were very firm, while a large amount of business was done, 
and prices marked a further rise of 1s. 9d. per ton, 57s. 9d. 
being reached at the close. That was 3d. per ton over the 
limit which was fixed by the ironmasters at a meeting held 
in Glasgow this day week as the price when they would con- 
sent to give their miners an advance of another 6d. per day 
on the rate of wages. Business was done during the fore- 
noon at 57s. 3d., an advance of 1s. 3d. per ton; but there 
was a decline thereafter to 56s. 10}d., which was followed 
by recovery at the close, when buyers were offering up to 
57s. lid. Some transactions also took place at 57s. 6d. one 
month, and at the close there were buyers at 57s. 3d. four- 
teen days, and sellers asking 14d. per ton higher. There 
was a steady advance in the afternoon from 57s. 3d. to 
57s. 9d. cash, and from 57s. 6d. to 58s. fourteen days, the 
market closing with buyers at 57s. 9d. cash, and sellers 
holding out for 57s. 10}d.; and it was reported that 58s. 
cash was paid after hours. Yesterday’s warrant market 
opened as excited as ever, and some heavy buying was re- 
ported in the morning, causing prices to rise 1s. 9d., to 
59s. 6d., or within 6d, of the expected limit for the week, 
and 3s. 6d. per ton over last week’s close, Towards the 
close there were rumours that the ironmasters had re- 
solved to blow in some of the blast furnaces that were 
recently damped down, and the result was that a reaction set 
in, and prices went baek 1s, 3d, per ton, and after the close 
of the market another 9d., thus falling 3d. below the previous 
day’s close. Business started in the forenoon at 58s. 6d. 
cash, 9d. up, and improved to 59s. 6d. cash. There was 
also a transaction at 59s. 7}d. ten days. The market 
closed, however, with buyers at 59s. cash and 59s. 3d. one 
month, and sellers 1$d. per ton higher. In the afternoon 
from 59s. 6d, to 58s. 6d. fourteen days, and 58s. 3d. cash 
were accepted, the market closing with sellers at 58s. 3d. 
cash and 58s. 9d. one month, and buyers offering 14d. less. 
After hours 57s. 6d. cash was accepted. The market was 
unsettled at the opening this forenoon, and business was done 
at 57s. cash next week and | prompt, iapeoving to 58s. 3d. 
next week paid, and afterwards advancing strongly to 59s. 6d. 
cash with a large business doing, and the market closing 
with sellers over at the top quotations. The afternoon 
market was strong, and business was done at 59s, 6d. cash, 
but towards the close there was some reaction, and prices 
fell off to some extent, On some hands there is a suspicion 
prevailing that the extraordinary speculation which is in 
progress in the pig iron market is due to the existence of a 
combinatiou ring, and fears are entertained that the result 
of the great and unexpected rise in prices will be a serious 
matter to those legitimate traders who had entered into 
heavy contracts prior to the commencement of the state of 
excitement now prevailing. There is no doubt that the 
foreign demand has improved, as has been shown by the 
recent weekly reports; but the shipments, though con- 
siderable, are not on so large a scale as to warrant the ex- 
pectation of such an increase in prices; and there is 
likewise the fact that the shipbuilding trade on the Clyde 
has not been at such at low ebb for the last eight years, 
Such’‘a rise as has taken place within the last ten days has not 
been experienced since the existence of the great iron ring a 
few years ago, which put iron up to 130s., but then there 
was quite a mania for shipbuilding, August last opened 
with warrants selling at 40s, 6d., the lowest price quoted 
for many years back, On the first week prices advanced 
1s. 5d., and on the second 1s. 4d.; the third week showed 
no change, but the fourth week showed an advance of 94., 
inall 3s. 6d, that month. For the first week in September 
prices got up 2s. 3d., on the second 1s. 9d., on the third 
1s. 6d., and on the fourth 6s. 6d., or 12s. on the month, 
making an aggregate advance on the two months of 15s. 6d. 
per ton, or from 40s. 6d. to 46s., equal to a rise of 38 per 
cent. within sixty days. The great spurt that took place 
in warrants last week was said to be to a large extent due 
to the ironmasters having reduced the number of furnaces in 
blast from 90 to 68, which latter number bears a comparison 
with 92 at this time last eng’ The demand for iron appears 
now to be almost insatiable, for as prices advance the desire 
to buy grows stronger, and the market strengthens withevery 
fresh advance. The trade is now realising the im; 


unprecedented, large orders being received daily, and the 

rospects of their continuance being of the most encouraging 

escription. Some brands of No. 1 pig iron have been ad- 
vanced in price within the last ten days or so from 5s. to 
10s. per ton, and makers are now selling with caution. 
Large quantities of pig iron are being sent into the public 
warrant stores, and the stock with Messrs. Connal and Co. 
up till last Friday night was 312,427 tons, showing an in- 
crease of 4257 tons ,during the week. Last week’s ship- 
ments amounted to 17,928 tons, as against 6454 in the 
corresponding week of last year. 


Clyde Shipbuilding Trade: Launches in September.— 
There were eleven vessels launched from Clyde shipbuilding 
yards during the past month, of an aggregate of about 
12,700 tons. A still smaller tonnage was turned out in the 
same month of 1877. During the past nine months the 
shipping launched on the Clyde has been 126,200 tons, as 
against 119,700 tons in the corresponding period of 1877. 
Amongst the vessels launched last month there were—the 
Montreal, 3280 tons aud 400 horse power, built by Messrs. 
Connell and Co, for the Mississippi and Dominion Steam 





was no abatement on Friday in the excitement prevailing 


Shipping Company of Liverpool ; the Mendoza, 2500 tons 


and the magnitude of the American demand, which is quite | 4, 





and 2000 indicated horse power, built by Messrs. Robert 
Napier and Sons for the Pacific Steam Navigation Com- 
; and the Plantyn, 2350 tons and 225 horse power, 

uilt by Messrs. Alexander Stephen and Sons, for the 
Ts and New York line of traders owned by Messrs, 
T, C. Engels and Co., of Antwerp. Within the last few 
days a greater de of confidence in the immediate future 
of the Clyde shipbuilding trade has been manifested. 


Important Railway eng has just been 
announced that Mr. David Hunter, who has been for 
twenty years chief assistant superintendent of the North 
Britis ilway, has received from the Secretary of State 
for the Colonies the appointment of — manager of 
the Natal Government railways. Mr. Hunter, who is well 
known and much esteemed in railway circles as an able 
and promising official, has been selected from a list of more 
than 150 candidates, comprising railway managers from 
some of the chief English companies. 

The Hallside Steel Works.—It was lately notified to the 
workmen ae the Steel Company of Scotland at 
the Hallside Steel Works, that their wages would be re- 
duced, the reduction to come into operation last Saturday. 
The notice, however, was withdrawn last Friday in con- 
sequence of the attitude assumed by the men, most of 
whom had resolved to strike against the reduction. There 
are several orders in hand for steel plates, &c., the execu- 
tion of which could not be postponed. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, weteoig. 

Leeds Water Works.—On Tuesday last the Leeds Cor- 
poration and a number of other officials gathered at Eccup 
to turn the first sod of the new reservoir which will com- 
plete the Leeds Water Works Extension Scheme. There 
is already a small reservoir in existence at Eccup. In its 
enlarged state it will have a_ retaining raiey of 
1,400,000,000 gallons. The total capacity of the three 
reservoirs in this district—Swinsty, Fewston, and _ 
available for the supply of will be 3,220,000, 
gallons. The town is now consuming about 7,000,000 
gallons per day. When the Eccup reservoir is completed, 
should there be any interruption of the supply from the 
others, there would be available sufficient water to last 
Leeds for six months. The engineer to this grat scheme 
¢ water supply is Mr. Edward Filliter, of East , 

eds. 


Colliers as Obstructionists.—Notwithstanding the in- 
tense depression existing in the local coal e and the 
efforts of the employers to reduce working expenses the 
colliers’ union is taking a high-handed course. The lodge 
delegates met on Tuesday at the Miners’ Hall, Barnsley, 
and determined to oppose all reductions required of the 
men, concluding their sitting by unanimo’ adopting a 
resolution that either restriction of the output or notices 
for an advance of 10 7% cent. be given by the miners of 
South Yorkshire and North Derbyshire, ‘‘in order to 
counteract the present movement.’”? We are informed that 
the employers, though acting singly, are united in prin- 
ciple, and determined to have concessions from the men, 
without which, they assert, it is impossible to continue 
operations without loss. 


The Iron Market.—A firmer disposition is evinced in the 
iron trade, and prices of the raw material are a shade 
higher than last week, consequent on the Scotch and Lan- 
cashire demand and reports from the Continent. Manu- 
factured irons are more freely inquired after, but we cannot 
hear of material advances in quotations, orders being too 
light for that, and many of the mills yet only partially em- 
ployed. 

Prospects of Engineers.—The announcement that certain 
Scotch engineering houses are much busier, and that a 
locomotive contract been secured by North Country 
rivals, has caused a more hopeful feeling in the locomotive 
trade. Now that a strong competitor has the ‘‘shop’’ full 
of work, Yorkshire firms, who are heavily handicapped in 
the trade, have a better chance of success, Some fair 
orders are coming to hand for machinery used in the heavy 
trades, and ge are busy on repairs in the works. 
These incidental favours are making matters more brisk. 
Several houses engaged in the steel trade are relaying their 
mills on improved principles in anticipation of better trade, 
and local engineers are benefitting by the work. Altogether 
a more hopeful feeling as to the future prevails in engineer- 
ing circles, and there is daily an amendment noticeable. 


Railway Improvements at Goole.—The terminal station 
at Goole of the Lancashire and Yorkshire Railway was to- 
y thrown out of use after being open forty years. All 
trains on that — are now run into the North-Eastern 
Station of the Hull, Goole, and Doncaster line of railway. 
The towns of Hull, Goole, and Thorne are thus placed in 
direct communication with the metropolis by the early news- 
paper train. 


South Yorkshire and the Revival.—There can be no 
doubt that throughout South Yorkshire, those engaged in 
the heavy trades are benefitting by considerable accessions 
of orders. This morning the smelters quoted an increase of 
2s. per ton on the rates of Friday, and will not commit 
themselves with the alteration beyond this week. No 
official quotations can be given of iron on account of the 
disturbance in the market. 





New ZEALAND CoAu.—Boring for coal has been com- 
menced about half a mile on the Auckland side of the 
Mercer Station. The operations are being carried out by 
Messrs. Hunt and Lindsay, of the Waikato Steam Naviga- 
tion Company, who have observed encouraging indications 
¢ a good seam of coal underlying at no great depth from 

@ surface, 
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TOUGHENED GLASS SLEEPERS. 
(For Description, see Page 270.) 
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HEATHORN’S STEERING GEAR. 

WE annex illustrations of a steering gear devised by 
Captain Heathorn, which enables the rudder or rather 
rudders, for two are employed, to serve to check the way 
of as well as steer a vessel. The drawings show the details 
of the different methods adopted under varying circum- 
stances, but in all the principle is the same. Each 
rudder is moved by a horizontal slotted lever, in the slot 
of which travels a stud mounted on the end of another 
lever, which lever again is an auxiliary tiller. 

The pivot upon which this tiller or lever works is 
mounted on a nut carried by a screw thrust by a piston, 
or pulled by a chain over a pulley, and guided by a 
guide bed or guide bars. 

Upon this screw being turned, chain hauled, or piston 
thrust, the nut is carried along, and the stud thereon 
acting in the slots of the levers so affects both rudders 
that they are thrown outwards ; in fact, the action of the 
ordinary steering gear working by the tillers is to cause 
both the rudders to move in the same direction and steer 
the ship, while the action of the screw or piston on the 
tillers is to cause the rudders to move in opposite 
directions and stop or tend to stop the ship’s way. 
Moreover, these rudders not only steer the ship them- 
selves but deflect the column of water passing between | ~ 
them, causing it to increase the effect. 

The mechanical movements above mentioned are also 
applicable to other purposes, amongst which that of 
loading heavy guns ; but we are not in possession of the 
drawings for that work. 

Figs. 1, 2, and 3 show a single screw propeller abaft 
the rudders, which lie close to the keel of the ship on 
either side, the screw-shaft works between them, and the 
drawings illustrate “straight,” “steering,” or “both 
open for checking way.” Figs. 4, 5, and 6 show rudders 
on either side of the screw in a position to deflect the 
rejected water, and thereby assist steering. 

Captain Heathorn has fitted up a row-boat with these 
rudders and gear; the cockswain can by pulling both 
yoke lines together readily check its way, and render a 
threatened collision harmless. It can be seen on the 
Surrey Canal. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was agai 
a large attendance on in at Middlesbrough. The 
market was in a most excited state. Messrs. Connal and 
Co., the warrant storekeepers, had in store at Middles- 
brough a stock of 83,700 tons of Cleveland pig, and had 
to send ont a few hundred tons. They have had 
fewer deliveries into store during the last day or two. 
At Glasgow their stock on Monday night was 314,550 tons, 
and it was stated that they were receiving from 1000 tons 








to 1100 tons per day. i were higher, and No. 3 
Cleveland pig could not be bought for less than 44s. per 
ton for immediate delivery. ers for delivery early next 


year were booked at 45s. per ton. On Scotch and American 
account there is an increased demand. At Middlesbrough, 
shipments are so active that it has been found necessary to 
employ SN een of extra hands atthe docks. There 
is ioubtedly a very considerable improvement in trade, 
but there is mixed up with it more speculation that is 
desirable. However it is believed that the tide| | 
has turned, and that with occasional relapses the prices | 
will advance, and that at the end of this year the improve- 
ment in all branches of industry will be most conspicuous. : 

furnaces are Seweasing the advisa-| ment in this important branch of trade. The quotations | industries. At Middlesbrough and Hartlepool the shi 

| Turn idle for | have advanced, and manufacturers will not sell plates for | builders have also given notice of reduction in wages. At 
many months, and certainly if the present rates are main- | less than 51. 10s. per ton. There is still a large quantity | all the three places the men say that they will resist the 
tained, the productive power will soon be increased. of past a yo o- ~~: = men —— reduction. 

The Finished Iron Trade.—To-day the wages question | “employed, but it is ho gradually the wor The Cleveland Miners.—So impressed are the Cleveland 
in the North of England iron trade has been amicably set. | Set into operation. miners with the signs of impoovement that have 
tled by the masters making a slight concession so astohelp| Shipbuilding and Engineering.—There is Np my asked for an advance in wages, and they are an 
the contractors in with their men who objected to doing in shi ilding and i ing, and at interview with the Mineowners’ Association so that they 
the reduction of 12) per cent. There are signs of improve-' notice of reduction of wages been given in both these | can discuss the question. 
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WOOD'S WRUUGHT-IRON PERMANENT 
WAY. 


On the Wrought-Iron Permanent Way laid upon the 
North-Eastern Railway.* 
By C. Woop, M. Inst. C.E. 

Ar the spring meeting of this Institute last year, I had 
the honour to read a paper upon the —— of ——_ 
iron and steel to permanent ways, with a description of a 
new kind of railway sleeper and clip-chair. Since that time, 
Mr. Isaac Lowthian _and other directors of the North- 
Eastern Railway have kindly brought the matter before 
their engineer, Mr. Thomas Harrison, by whom it was 
decided to lay down two miles of this system between 
Middlesbrough and Stockton ; and it is from the considerable 
amount of interest which this new road has created, and at 









ways. There is, however, no tendency whatever either for 
the sleepers to shift or for the ballast to show the least 
signs of having moved or worked out. The sl » when 
first laid down, were merely “‘ shovel-packed,”’ this being 
found quite sufficient. The ends of the sleepers being 
open, they could, if required, he very easily rammed ep» 
but such an operation has been found ope and the 
sleepers lie upon the ballast quite as steadily as the timber 
ones. 

Great doubts have also been expressed as to the elasticity 
of wrought iron when compared with wood. persons 
however, watching a few trains ing over the two road, 
—which lie side by side—can see that there is as much—or 
if anything rather more—elasticity in the new as in 
the old one. I have been up the line many times with en- 





gineers from various parts of the country, and it is their 


Fig. f. 


the flange under all the clips at the same time, when 
all that is farther n is to drive in the wooden key, 
thus avoiding all gauging, boring, and driving in spikes or 
trenails, as practised w the old system. 3 

These slee were made by Messrs. Hopkins, Gilkes, 
and Co., Middlesbrough, and were rolled in bars about 
60 ft. long. They were then sawn off hot to the proper 
length, and stacked one on the top of the other, 
which they were bent under i. to give the necessary 
tilt or inclination to the . Having been passed to 
another press, where the holes for the ms, lie punched 
the sleepers were ready for laying. The piles applied 
to rolling these sleepers were e out of old rails. 

The iron for the clips was rolled in bars the width of the 
finished clip, the top roll being chipped in such a way as to 
produce the necessary variation in the thickness. These 






























































the request of many of my friends, that I have been induced 
to lay before you the following facts : : 

Figs. 1, 2, 3, and 4 show a sleeper with the rail 
fastenings; there is also upon the table one of these 
sleepers, fitted with rails and keys complete, as in use 
upon the North-Eastern Railway. 

The sleepers weigh 1351b. each, and the clips 10 lb. per 
pair. The rails are %2 Ib. per yard. The length of the sleeper 
is 8 ft. Gin. by 11in. in width. 

The —— of the road with the new permanent way 
commenced at the beginning of this year, near to the 
Middlesbrough Railway Station, the new road taking the 
place of the old system of timber sleepers and cast-iron 
chairs. As the traffic could not be stopped, two rail lengths 
of the old way were taken up and replaced by the wrought- 
iron system, the time occupied being only between fifteen 
and twenty minutes, that is, within twenty minutes the 
trains were running over the new road, thus interfering but 
very little with the traffic over this portion of the road, 
which at that time was about 150 to 160 trains per twenty- 
four hours, these being mineral trains, and made up with 
from 22 to 25 trucks, each truck weighing with the minerals 
about 16 tons, or an actual load, inclusive of engine and 
tender, of about 400 tons. 

The ballast used is coke breeze, cinder, or ashes from the 
coke ovens or from the ironworks. This ballast, although 
the very best material for wood sleepers, is considered by 
many to be the most destructive to wrought iron that could 
well be found. So far, however, there does not seem to be 
any Corrosion going on worth noticing. The scale seems 
to be coming off in the same way as it does off rails in use, 
but not any more ; and I believe it is now an acknowledged 
fact that rails on a running road, except in tunnels, co: 
to a very insignificant extent. Barlow’s rails, which have 
laid in gravel ballast for eighteen or twenty years, have not 
been affected by rust. 

Of the two miles of way laid at Middlesbrough, about 
one balf is upon sharp curves. It was sup that the 
ballast would work out at the ends of the sleepers, and that 
in going round these curves the sleepers would shift end- 


* Paper read before the Iron and Steel Institute at 
erpool, 








Liv 


rrode | bottomed rails upon timber 

















oly expressed opinion, as well as that of the engine 
rivers who run over the sleepers, that there is no dif- 
ference between iron and wood in this respect. 

The fastening of the rail upon the sleepers is of the 
most simple kind. It will be noticed that the clip is of a 
bow shape, and is both open and elastic, accommo- 


dating itself at once to any little irregularity in the size of 
the de or in the holes in the sleepers ; and, what is of far 
greater importance, it follows up any little wear and tear 
which may take place in use, either from corrosion or 
work, the taper upon the wooden key allowing for this, as 
well as keeping the rail perfectly tight inits place. This 
elasticity keeps a constant pressure upon the wooden keys, 
thus entirely preventing them from working loose or 
dropping out. On the diagram I have shown the action of 
the jaw of the clip upon the key. As you will see, the 
~ aye is that when the ay = = Sen the top 
of the jaw springs outwards. If, therefore, the jaw 5 
out at the top, the bow underneath is pc te into 
somewhat of the shape shown in an exaggerated form by the 
dotted lines. Thus it will be seen that there is a constant 
ressure upon ) aoe rm and that any jar or vibra- 
on is compensated for by spring. Experience proves 
that the keys never work loose or drop out. The outside 
of the clip, which holds the rail in position, cannot vary, 
and therefore the road is always perfectly in gau, The 
thrust of the rail against the clip, in going round a sharp 
curve would be a shearing strain against the full width of 
the clip, the size of which is 24 in. by 4 in., equal toa strain 
of about 20 tons, far exceeding anything that is likely to 
eis csipiony tak ain ead couigal ae ine 
the ordi iron 8 ly employed wi! 

2 " Unless several ke 
in succession are knocked out and the rail springs in » 
it is impossible to remove a clip, or that one a of out. 
Some engineers have pa that if a key should come 
out, the clip would drop out also; but upon examination it 
will be seen that this is impossible, as the rail completely 
locks it in. When laying a road, the clips are slipped into 








the holes in the sleepers, whilst the sleepers are laid upon 


their The sleepers are then turned over upon the 
ballast. The rails are next laid upon their sides with the 


flange between the jaws of the clip. On this being done, 


bars were then sheared off to the exact lengths required 
and heated, and at once pressed in a machine to the proper 
shape at one operation. Afterwards they were passed 
— a machine having revolving cutters to square out 
the shoulders where they pass through the sleeper. A 
bar of the clip iron, just as it came from the rolls, is upon the 
table, as also one of the finished clips, and a sleeper 
complete. 

I have avoided going into the a of corrosion, as I 
went carefully into this in my former paper, and my ex- 
perience in the interval fully confirms what I then said on 
this point. As to durability, all I can say is, that so far 
there has not been a single breakage of either clip or 
— since they left the rolls. 

The cost of labour in as this road was about six- 
pence per lineal yard less than on the old system, whilst 
= time occupied, as before mentioned, was about one-half 
ess. 

I exhibit a small sleeper and rails for a narrow 
gauge, agricultural, mineral, or portable railway, which 
may interest some present. This is shown in Figs. 5 to 9. 
Such a light railway can be all taken to pieces and 

ked with the greatest facility, or it can be taken up 
in rail lengths with the attached, one strong 


man or two lads being able to shift these lengths quite 
easily. A Laggan myo of a piece of this light railway, 
showing the mode of shifting a length, upon the 


pw Rage = = of pee Baa = Bape mn nne by AY. spe of 
join esigned spec: ‘or purpose. chairs 
are rivetted upon one end of tach pair of rails, and the other 
ends of the rails have to be slipped into the chairs, whic 
have been already laid upon the . The wooden key 
is then driven in tight, thus making all ready for running 
upon. This portable railway has neither bolts, nuts, nor 
screws, > a only — P< ing the peter ey — 
roug mn renew—an im consider- 
ation in the caeales and many foreign countries. A small 
railway, say, of 20-in. gauge, with 20 lb. steel rails, wrought- 
iron sleepers, joint chairs, and wooden keys com , could 
be supplied at the rate of 3001. per mile. Such a line 
would carry a locomotive of 6 tons weight, and trucks 
capable of of m dise each, or a 





carrying 4 tons gross 
load upon the a | of from 18 to 20 tons. The clips in the 
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case of these light portable roads are made fast upon the 
sleepers to prevent their being lost, and for convenience in 
shifting. , 

With regard to the general progress of wrought-iron 
sleepers or their adoption by engineers in this country, I 
have not much absolute information to give. Although 
most of the leading railway engineers in the kingdom have 
seen this piece of wrought-iron permanent way at Middles- 
brough, or have obtained information respecting it, still, 
with but few exceptions, nothing further been done, 
whilst on the Continent they continue to grow in favour. 
The cross sleeper of Vautherins, much strengthened from 
its original dimensions, seems to be taking the lead over 
that of the longitudinal system by Hilf. I may mention 
also, that when on the Continent last year with this Insti- 
tute, I saw many of both kinds of permanent way in use. 
It is considered there that the wrought-iron sleepers are a 
source of great economy, that the rails last longer, that 
the sleepers are not spoilt in case of a train getting off the 
road, and that a damaged sleeper can be repaired at a 
small cost, whilst wooden one are rendered useless. 

I have appended an estimate of the cost at which the per- 
manent way for a 4 ft. 8} in. gauge could be now supplied 
for a large order, compared with the present system, laid 
on cast-iron chairs with wooden sleepers and iron spikes. 

Comparison between the Cost per Mile of Railway. 
(4ft. 8}in. gauge). 
Creosoted Wooden Sleepers, Present System. 


s. d, 
Creosated sleeper, 9 ft. by 10in. by 5 in, at 4s. each... 352 0 0 
8 spikes, per yard 1 Ib. 5 oz. each, 8} tons at 111. 5s. 
per ton ese eee ace ose oss one os 95 12 6 
2 chairs, 42 lb. each, 66 tons at 3/. ons eee 198 0 
128§ tons (steel rails, 82 lb. per yard), at 5/. .., 64315 0 
4§ tons fishplates,at 6, ... vee ee 28 10 
Bolts and nuts, 17 ewt. at 128, 6d. dee ° 1012 6 
Wooden railway keys eee ile eee ons a 20 0 
1348 10 0 
Wrought-Iron Sleepers, Wood's Patent. 
Wrought-iron sleepers, 8 ft. 6in. by ll in. by 2} in. by 
2 in. thick, weight 135 Ib. each, or 106 tons per mile, 
at 51.58. perton ... eve eee eee eee cee 55610 0 
2 clip chairs, 5} Ib. each, or 8} tons per mile, at 112. 
r ton ees oe exe ions eee éne ane 9310 0 
110 tons flat-bottomed steel rails,* 70 Ib. per yard, at 
5l. perton ... ee ese ee eee ws 660 550 0 0 
4 ton fishplates, at 62. en = oa 2400 
Bolts and nuts, 17 ewt. at 12s 6d. per ewt. 1012 6 
Wooden railway keys ia ws 20 0 0 
1254 12 6 


Showing a saving in prime cost in favour of the wrought- 
iron —_ of nearly 1001. per mile, whilst the wrought- 
iron sleepers, after forty years’ use, should be worth at 
least 20. per ton. 





LARGE FORGINGS,. 
The Manufacture of Large Forgings and the Materials 
Suitable for the Same.t+ 
By G. Ratuirre, Mersey Steel and Iron Works, Liverpool. 
Tue subject of the manufacture of forgings, and the 
materials suitable for that purpose, opens up a very wide 
uestion, respecting which there must naturally exist great 
Gvernlty of opinion. In the paper I am about to read to 
you I purpose confining mayetll to laying before you the re- 
sults of a few actual experiments made within the limited 
time at my disposal since I was induced to bring the sub- 
ject before you at this meeting, avoiding as far as possible 
poetng upon you the conclusions to which I have been 
ed. 

Of late a great deal has been said about building vessels 
of steel instead of iron, and for the safe use of the former 
superior material certain rules have been laid down. At the 
last meeting of this Institute (in London) a valuable ron 
the use of steel for shipbuilding was read, which fod to a 
moat interesting discussion as to the various uses, applica- 
tions, and behaviour of steel, and of steel and iron com- 
bined. Cases were refe to in which vessels made of 
steel (and in using the word steel I wish it to be understood 
that reference is made to cast and not puddled metal) had, 
upon examination, shown satisfactory results as to wear, 
&c., except in some instances in which iron (by iron is meant 
puddled metal) had been used in connexion with the steel ; 
as, for example, where iron rivets had been used the steel 
plates were pitted to a considerable extent round about, 
and a similar effect was noticed near the keels and stern- 
frames, &c. Such remarks were looked upon by members 
in different ways, the general impression seeming to be that 
by punching the holes and hammering the rivets a certain 
quantity of scale was disturbed, and that this allowed 
oxidation to take place more rapidly. This, without doubt, 
might assist the pitting. At the Mersey Steel and Iron 
Company's Works, however, we have eighteen Cornish 
boilers made of Snedshill plate, with the exception of three 
plates in the flues, which are made of steel. 
plates are all rn together by flanging, and in all cases 
we have found the steel plates have pitted more than the 
iron, and the plate next to the iron has oxidised considerably 
more than any other. A piece of this plate lies on the 





table. I have had it; analysed by Mr. Edward Riley, of 
London, and the result is as follows : 

bon... wee oe - eos -330 
Silicium ove be we ns we -102 
Sulphur due eee a 065 
Phosphorus én ee .066 
Tron... ong fa ove - .. 99.320 
Manganese .., ses sa see eee 518 
Copper... ove se ove ove ove 053 
100.454 





* This 70-lb. flat-bottomed rail has a head of equal 


area to an 85-lb. bull- rail. 
+ read before the Iron and Steel Institute at 





® | to change my opinion on that point. 
o | good iron of fairly uniform quality ; but now we have iron 


The flue- | P 





The fact is, that although many of these boilers have 
done comparatively little work, owing to dull trade, nearly 
all of them have had to be patched on the flange adjoining 
the iron, so that a reasonable conclusion is, that if we are 
to build our vessels of steel we must endeavour to use steel 
throughout, and that nowa suitable quality of this material 
is produced for rivets, keels, stern-frames, &c., we may 
look forward to seeing all parts of the vessél made of it. 

Mr. Adamson, in his paper read at the Paris meeting, laid 
before us some very valuable tests both of iron and steel, 
and it is now my desire to draw your attention to the 
practical tests made by myself with a view to elucidate the 
subject of this paper. 

It is universally admitted that the part about a marine 
engine which requires the most constant care and renewal 
is the crankshaft, though lately attention has been called to 
a greater proportion of straight shafts failing than was 
usual in years past. This may, no doubt, be attributed in 
some cases to inferior materials, and in others to the extra 
amount of work transmitted through the shafting. 

As to the welding of metals together, it may suffice to say 
that long before my recollection, or that of any gentleman 
in this room, hard cast steel has been welded to iron for 
such purposes as the manufacture of hammers, axes, swords, 
table-knives, &c., and it must, therefore, be admitted as 
practicable to weld all descriptions of iron and steel scrap. 
It has also been generally understood that the best iron 
forgings are made from welding together the best selected 
scrap iron—a theory, I may say, which has been held for a 
period beyond the recollection of any of us now present. 
At the time this theory was first introduced, no doubt it 
was correct ; but for some years past I have seen reason 
In olden times we had 


of very many qualities, and, for the most part, inferior. If 


0| twenty men were set to select a quantity of iron all of 


uniform quality, no two of them would perfectly agree ; 
and if the metal first piled together was not of a uniform 
quality, no hammering, rolling, or working whatever put 
upon it could make it so. 

The greatest quantity of sera: 
forges is the shipyard scrap, and that certainly cannot be 
the best, as it is produced from the cheapest iron that is 
manufactured. Or take old iron rails, and no one will say 
that the iron rails made of late years have been made of 
the best iron. Do not let me here be misunderstood. 
Although the iron in many cases used for rails was good 
for that purpose, it could not be so for general forgings ; 
rails requiring a hard iron to resist friction, forgings a 
ductile metal with a certain degree of elasticity. In the 
mixed varieties of scrap sorted to the best of the workman’s 
abilities we are certain to have various qualities, and the 
more the quality varies the more do difficulties arise in the 
perfect welding of the materials. To avoid this difficulty 
in this present age of steel, we may turn to the making of 
large forgings of that metal. At first sight the best method 
would appear to be by casting an ingot of suitable size and 
forging it down to the required shape. This has been done 
to a very considerable extent, and I have made many in this 
manner, and with fair results. 

1t will be admitted that a hospital is the best place for a 
young student to study the profession of surgery. Will it 
not as readily be admitted that a manufactory of forgings, 
where we are constantly receiving the old or defective 
shafts, is the most likely place to learn what is the most 
suitable material for their manufacture, witnessing as we 
do most frequent failures of forgings of various descriptions, 
and carefully investigating the causes? My own experience 
points to some of the worst failures having been steel shafts 
made from a solid cast ingot. At the works with which I 
am connected, we have had a great number of steel shafts 
of various sorts sent in after being condemned. In most 
cases these shafts have broken very suddenly without giving 
any previous warning; others have exhibited some very 
slight mark or crack, after the discovery of which it was 
not safe to work them a day longer. New, an iron shaft 
will show some flaw or other marks before it breaks. 
These flaws may be watched, and can be traced from time 
to time, and thus sufficient warning is given to enable the 
necessary repairs to be put in hand and got ready without 
causing any delay or serious inconvenience. It is certainly 
far better for concerned ~ shipowners, engineers, and 
apes ga a forging should give notice rather than 
fail suddenly. 

My attention was first drawn to the manufactare of forg- 
ings of larger sizes from puddled iron, by the tempting 
offers at which influential iron merchants solicited me to 
purchase puddled bars for that purpose. This at once led 
me to consider the qualities most suitable, and the best 
way to make forgings, more especially shafting. After a 
fair consideration, I decided that the use of puddled iron 
of the very best kind, on which is bestowed the necessary 
amount of work, insures the most uniform material, and 

roduces the best = it is possible to make in iron, if 
iron be the best material. This cannot be accomplished by 
using the lowest priced pig iron, or by buying puddled bars, 
but by purchasing the best all-mine and cold-blast brands 
of pig 1ron, puddling it in your own furnace, and then fol- 
lowing the — so long carried out by the best York- 
shire manufacturers, of breaking every puddled slab after 
shingling, and selecting only those that are of a uniform 
uality, and free from blisters or dirt. Within the last 
ew years I have made many tons of shafts from this 
material, and they have given general satisfaction. It is 
scarcely necessary to mention that forgings made of this 
material are much more costly than those made from scrap 
iron in the usual manner, as we are enabled to secure a more 
uniform material than we could obtain by combining a 
variety of unknown pieces. 

Only a few years since I produced some steel of a very 
superior qnality, which was tested in every conceivable 
manner. It was of the description called by our President 
‘ingot iron,’’ but even with it the manufacture of forgings 
from a large ingot was costly and tedious ; and seeing that 


that finds its way into 








this metal could be readily welded, I was led to try some 
experiments in that direction. 

At first I had very little faith in this for the manufac- 
ture of large forgings, as I had, in years gone by, tried the 
welding of steel in all forms. I had the pleasure of being 
connected with the Crewe Works for many years from 
the commencement of that justly-famed estnbliekmenh, and 
at the starting of the steel works there (carried out by the 
eminent engineer whose name is so well known all over the 
world, Mr. John Ramsbottom, the manager being at that 
time Mr. F. W. Webb, the present able superintendent of 
the London and North-Western Railway Company), I, as 
Mr. Webb’s assistant, under his orders, took entire charge 
of the rail manufacture, and, in addition, had to inspect 
the manufactures of various works ied on outside the 
railway company’s own establishments. I thus had the 
opportunity of noticing the various modes of manufacture 
at different works, and I must say that the best iron I saw 
manufactured was the Yorkshire brands. I think it was 
at the meeting of the Mechanical Engineers, in Manchester, 
in 1866, when the Crewe Works were visited, that I took 
our President, Mr. Menelaus, and a few other gentlemen, 
to see the steel-headed rails then being manufactured by a 
process patented by Mr. F. W. Webb. These gentlemen 
could not credit that a perfectly serviceable weld could be 
made, so to prove this to them a piece was broken off a 
rail, and flattened under a steam hammer, on end, to 
nearly half its original length without separating the steel 
from the iron, and by this means conviction was forced 
upon them. It may perhaps be interesting to say a few 
words as to the manner in which this welding was accom- 
plished. We flattened the crop-ends of rails down to thin 
bars after they were cut from the steel rails. They were 
then piled together in various ways by themselves, a layer 
of thin bars made from rail ends with puddled bars made 
from hematite iron brought from the puddling furnace, 
very young, with steel turnings between each layer, and 
also with iron turnings between each layer of rail ends ; 
but the hematite puddled bars appeared to unite most 
kindly with the thin bars of rail ends, no doubt because 
they were made from a similar description of ore to start 
with. These different processes were adopted for the ma- 
nufacture of the steel-headed rails with a desire to utilise the 
crop-ends of steel rails. In the case of the rails examined 
on the occasion referred to, the steel slab was rolled down 
from a cast ingot, and had the hematite puddled bars 
piled between it and the old rails to complete the rail pile. 
The analysis of these steel slabs showed that they con- 
tained from .3 to .35 per cent. of carbon. I am, however, 
now convinced that the metal made by the Bessemer, 
Siemens-Martin, or other processes, if properly treated, 
= weld better by itself than if mixed with other material 
or flux. 

Having now gone over the ground of these various modes 
of mannfacture, I revert again to the uniform material. 

I at one time thought that ‘‘ compressed steel ’’ was the 
material of the future for the manufacture of irregular- 
shaped forgings. I have now come to the conclusion that 
asthe pressure only consolidates the crystals, and closes 
the honeycomb cells, it may be regarded as a most valuable 
way of improving steel containing honeycombs, and ad- 
mirably adapted for castings of all descriptions ; but for 
forgings it is far ple woe: 2 to make the metal free from 
honeycombs to start with. It is afterwards most important 
to convert the crystalline into as fibrous a nature as pos- 
sible, and this is better done by rolling than by any other 
known process. 

I now take the ingots, made of a specially mild quality 
of steel, and roll them down to bars, so that a fibrous 
material is the result, and the crystals originally in the 
ingot are got rid of. These bars are sheared into suitable 
lengths, and piled together in order to make the required 
forging. 

It will therefore be seen that all the keels, stern-frames, 
&c., which are of very awkward shapes, can now be readily 
made of steel, so that we may have vessels bnilt entirely of 
this material, whereas hitherto they have been only par- 
tially so constructed. 

I have prepared samples of four different descriptions of 
iron, and of four different lots of steel ; and in order to 
make all these compare as fairly as possible with one 
another, I have not simply cut pieces out of the steel shafts, 
but have cut an end off, which has been drawn down to the 
required sizes under the steam hammer by the same work- 
men who have prepared all the others. 

By some it might perhaps be asked how and by whom 
were these shafts originally made? This question is easily 
answered, but it would be unjust and ungenerous for me 
to give any such information, and you must please accept 
the tests before you, of which I not only give you the 
figures, but show you in addition the samples of each as 
they actually appeared after being tested. The pieces of 
steel are taken from shafts varying in size, the smallest of 
which was 15 in. in diameter. Two of them are from crank- 
shafts and the other from astraight shaft. Itis important 
we should bear in mind that, as these pieces of steel shafts 
have been heated and drawn down to the sizes — for 
the experiments, they are considerably improved both in 
their bending and twisting qualities. On the other hand, 
the welded pieces have been piJed together in the usual 
manner, twice heated in the ball-furnace, and afterwards 
drawn down at a forge hammer; so that if these pieces 

been made into a forging they would have received a 
greater amount of work, and would have been more ductile 
than they now are. This, however, I consider satisfactory, 
seeing that with all this for and against, the results are 
directly opposite. : sal 

For almost all descriptions of forgings the materials 
should be of a very ductile and uniform nature, and it was 
with this idea before me that I endeavoured to produce @ 
material combining these qualities most suitable for 
forgings. ‘ ist 

In each case the J any tested for tensile strength, twist- 
ing, bending, and for showing the fractures, are taken 
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from one piece of metal. Two tests of each have been made 
as the fairest way to arrive ata satisfactory conclusion ; for, 
as you will notice, although they are fairly uniform, yet 
there is some difference. 

The manner in which these samples have been tested is 
as follows: First, the pieces to be tested for tensile strength 
were all drawn down to ljin. in diameter, and 8in. of 
their length turned down to lin. in diameter. Mr. Adam- 
son very kindJy volunteered to test these pieces for me, 
and I have to thank him for the assistance he has thus 
given me. 

For the twisting tests the pieces were drawn down to 
2hin. square, then turned to 1;$in. in diameter (equal to 
2 square inches area) fora length of 2ft., fastened ina 
lathe by the dog chuck, and firmly secured at the other 
end; precautions being taken to allow for the contraction 
while twisting. The lathe was then turned slowly round. 

For the bending tests the pieces were drawn down to 
2}in. square by 2ft. 4in. long, and planed down to 2 in. 
square. Two strong brackets were made and bolted to a 
surface plate fixed 20in. apart centre to centre, a large 
steelyard was then attached, with an eye-bolt shackle, and 
weights added to the steelyard as required. It was found 
rather inconvenient to get the deflections. This has been 
in all cases taken by a 12-in. straight edge. _Had they been 
taken from the centres of supports they would have been so 
much greater. However, as all the pieces have been treated 
exactly alike, the comparison is not affected. As these 
pieces began to bend more rapidly, the pressure was con- 
tinued in all cases in which the metal would allow of it 
before breaking, until the two ends came lel. 

Owing to the suspension of our asuamel chet trade, for 
the present we have dispensed with a chemist at the works, 
so that it is not possible to give you an analysis of each 
sample; but as it was necessary to get an analysis of the 
welded steel before using it, that steel has been analysed 
ml Mr. Edward Riley, of London, the result being as 
ollows : 


Carbon sin par ove eee 173 
Silicon ‘ .140 
Salphur eee ose ~ ° -100 
Phosphorus... alg we ‘aii coe .070 
Tron... bin ie 98.925 
Manganese ... ey Ss .928 
Copper sa ii ae Fan ooo Nil 





100.336 

In order to make sure of the uniform quality of the steel 
being used, a small piece is taken from each cast about 
lj in. square, and worked down in the smithy to about ?in. 
square, cut in two, welded, and bent cold across the weld. 
This test isa most valuable one, as it and the chemical 
test have in all cases agreed with one another. By some 
it is supposed that in the Bessemer process the greatest 
difficulty is to obtain uniformity of quality ; but this is not 
so, as in 35 casts, when endeavouring to get .15 per cent. 
of carbon, a mean of .161 per cent. was obtained, the lowest 
percentage being .146 and the highest .186. 

Samples No. 1 were made from shearings of ship-plates. 
This metal all came from one yard, and was good, clean 
shipyard scrap, so that it was a more uniform scrap than 
would be obtained in every-day practice. The appearance 
of the fracture from the tensile strain was in the first case 
highly crystalline, with a small fibrous portion in 
the centre; in the second case dark grey and crystalline, 
and that of the sudden fracture a coarse grain. In twist- 
ing, it commenced to exhibit a rough appearance almost as 
soon as the lathe was started, and in both instances broke 
with a very loud report. The fractures were irregular, 
and of a crystalline nature. When bending, it stood far 
better than might have been expected. In one case the 
weight shown in the Table was increased by 1 ton, and in 
the other by 2 tons. ‘he pieces bent slowly, and as the 
weights were gradually removed the bending went on. In 
the first case the piece broke suddenly when the ends were 
11g in. apart, and in breaking gave a loud report. The 
fracture shows a very coarse grain. The other piece broke 
when the ends were 13} in. apart. The fracture shows a 
Coarse grain, and is not at the centre of the bend. It also 
made a loud report. 
_ Samples No. 2 were made from the best selected scra 
Iron, that is, from such pieces of scrap as horse-shoes, ol 
bolts, rivets, and bar iron that had been worked into 
finished merchant iron. The appearance of the fracture 
from the tensile strain was dark grey, very crystalline, 
with large crystals ; and that of the sudden fracture a fair 
ordinary iron. 
_ In twisting, these samples have the appearance of an 
irregular fracture, and they parted without any noise. 
When bending, 2 tons were added to the weight given in 
the Table, and the iron bent rapidly until fractured. One 
piece resisted the bending much better than the’ other, as 
shown by the samples. The fracture was not attended by 
any noise. At the time of breaking, the ends in the first 
case were 13} in. apart, and in the second case 114 in. apart. 

Samples No. 3 were made from old marine boiler plates 
of very good quality. There was no stamp visible on them. 
These samples _have one great advantage—they are made 
from the shearings of one plate, and as this would not be 
practicable in the making of a large forging, these results 
may be considered better than would be found in general 
practice. It is quite clear, however, that this material is 
far better and more suitable for the manufacture of large 
forgings than either of the others. The appearance of the 
fracture from the tensile strain was dark grey, slightly 
crystalline, and that of the sudden fracture a rather coarse 
grain. In twisting, it had the appearance of having been 
sheared off. One piece broke off with a considerable 
report, and the ends tlew some yards. The other made no 
report. When bending, the weight given in the Table was 
n he iron bent rapidly, and as it con- 
tinned to bend, the weight was reduced. In one case the 
piece bent until the two ends were parallel with each other ; 
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and when the weight was altogether removed, it sprang | another. When the load was removed the ends opened 


back § in. In the other case I noticed a very small fracture 
on one edge, and it almost instantly broke with a moderate 
report. This fracture showed a fine [wy 

Samples No. 4 were made from puddled iron, prepared at 
the Mersey Steel and Iron Company’s Works from pure 
all-mine pig iron with a considerable proportion of cold- 
blast pig iron, and after receiving the necessary workings, 
were drawn down for the test bars. The appearance of 
the fracture from the tensile test was dark grey, slightly 
crystalline, and that of the sudden fracture a fine close 
regular grain. In twisting, they showed less signs of 
bursting than the previous samples, twisted considerably 
more, and ultimately sheared square off noiselessly. When 
bending, the tabulated weight was in both cases increased 
by 2 tons. They bent very slowly, and afterwards the 
weight was reduced by 8 tons, upon which the bending 
stopped. It re-commenced, however, when 2 tons were 
again added, and then the weights were gradually removed 
until the two ends were parallel with each other. The 
weight was then altogether removed, and the ends opened 
in one case }$ in., and in the other fin. There is no fracture 
whatever to be seen, and the iron has retained a smooth and 
regular surface. 

Samples No. 5 were cut off the end of a steel crankshaft 
19}in. in diameter, heated and drawn down to the requi 
size. The appearance of the fracture from the tensile 
strain was in the first case fine bright crystalline, and in 
the second fine bright crystallime~svith dark flaw at centre ; 
and that of the sudden fracture a fine in with the 
appearance of very tough and strong metal. In twisting, 
they broke off very suddenly with an exceedingly loud 
report, and the pieces flew across the shop. The Testants 
of this metal were very irregular, but uniform in grain. 
When bending, 1 ton was added to the tabulated weight in 
the first case, and it broke very suddenly ; in the second 
case (although off the same bar) 4 tons were added, and 
it then broke very suddenly. The appearance of the 
— in both cases was that of a good, tough, strong 
steel. 

Samples No. 6 were taken from a steel straight shaft 
19 in. in diameter, a piece being cut off the end as before 
and hammered down to the required size. The appearance 
of the fracture from the tensile strain was fine bright 
crystalline, and that of the sudden fracture a very fine- 
grained steel. In twisting, one piece broke suddenly and 
made a moderate report, and the fracture was of an 
irregular nature. The other piece was twisted two and a 
half times, and sheared straight off, comparatively noise- 
lessly. When bending, the tabulated weight was increased 
by one ton, and the pieces bent very rapidly und broke 
suddenly with a loud report. 

Samples No. 7 were taken off the end of a crankshaft 
15 in. in diameter, and drawn down under a steam hammer 
to the required size. The appearance of the fracture from 
the tensile strain was in the first case bright crystalline 
with dark flaw, in the second case bright crystalline, and 
that of the sudden fracture a good, tough, steely nature. In 
twisting, both pieces broke with a very loud report and flewa 
few yards. ‘The fractures were very ir ar in form and 

in. When bending, 5 tons were added to the tabulated 
weight in the first case, and after this load had been on 
some considerable time I closely examined the piece, which 
showed no signs of fracture ; but almost immediately after, 
it broke with a lond and startling report. The other piece 
was then tried, and the weight increased in the same 
manner, and this great weight remained on the piece for 
more than an hour without any sign of giving. , 

Samples No. 8 were made from Bessemer steel ingots of 
mild nature, rolled down into small bars, cut up, c 4 
piled, and welded together as in ordirary iron, without any 
flax whatezver. The appearance of the fracture of this ma- 
terial from the tensile test is velvety, ani that of the 
sudden fracture a very fine steely grain. In twisting, both 
pieces show a very regular ap; ance, and have twisted 
off asif they had been sheared, without the least report 


whatever. When bending, the tabulated weight was in } sa 


out, in one instance 4 in. and in the other gin. Neither 
piece exhibited any sign of fracture, and the outer surfaces 
still show a smooth skin. 

Samples Nos. 9, 10, 11, and 12 were some of. the first 
pieces made of this material ; and in order to prove whether 
the welding was sound, a piece 3} in. in diameter was taken 
to a 5-ton steam hammer, and knocked backwards and 
forwards so as to open it if possible ; but with the He aac 
ninth blow it broke, showing no sign whatever of any welds. 

Piece No. 12 was then drawn down to 2 in. square, and 
deflected backwards and forwards under a rail-straighten- 
ing press about } in. each time for 105 times. The follow- 
ing morning it was nicked!and broken, and, as you see, it is 
quite sound. 

The analysis of the bar (No. 9) before welding was as 
follows : 


Carbon... o0e os eo 153 
Silicium eee ‘ 026 
Sulphur ove - 12 ee +152 
Phosphorus ... ove ove ove -089 
Iron... hed We ose ove 98.798 
Manganese ... ats oe ope -785 
Copper eee ent Nil 


100.003 

Borings taken from the 3} in. bar (No. 10) give .139 per 
cent. of carbon, and those from the smaller piece, 14 in, in 
diameter (No. 11) .134 per cent. These results show that 
the carbon is gradually reduced by the various heatings. 

In looking over the of Trade Report on Railway 
Accidents, it is noticeable, with reference to the failures of 
broken axles, that ‘‘of the thirty-six crank or airing 
axles, twenty-four were made of iron and twelve of steel. 
The average mileage of twenty-one iron axles was 193,999 
miles, and of ten steel axles 168,472 miles.’”’ As there}must 
be a very great many more iron axles running at the 
present time than there are of steel, the above figures do 
not speak very much in favour of steel for this use; but jf 
the steel axles had been made of a quality of steel that wou d 
weld, the failures would probably haye been less, and ver! 
considerably less if the steel had been worked and welde 
as these samples (No. 8) have been before you. 

Now, considering that shafts are frequently subjected to 
sudden and severe strains, in°many cases seyere beyond 
calculation, it is evidently advisable to have them made 
of 9 ductile material. From the foregoing it will be seen, 
first dealing with the iron, that forgings mode from the 
shearings of ship ) eens or (to use, perhaps, a better term) 
shipyard scrap, althoagh t A ad turn up very clean, do 
not possess the requisite ductility. 

The best selected scrap is, to say the least of it, uncer- 
tain ; and owing the varying qualities of iron we are so 
liable to get, we cannot insure a material of uniform 
quality, but often find seams or black marks, which are by 
so many engineers considered sufficient to condemn almost 
any finished shafting. 

The good boiler plate scrap, which in the case before you 
consisted of old marine boiler plates $ in. thick sheared 
up into small pieces (in each of these cases the scrap iron 
was scoured in order to free it from dirt or scale), shows 
itself a very much better material for such purposes. The 
new iron made from the all-mine and cold-blast pigs, care- 
fully worked and piled, produces a still better material. 
The steel samples need but little comment, as the first of 
them are all taken from shafts that have been at work; 
but I think these few tests show sufficient to prove that 
the materials most suitable for large forgings are not scrap 
iron or irons and steels of a high tensile strength, but those 
of a softer nature und more uniform quality. 

Let it not be understood that I am asserting that all the 
steel shafts made at the Lgoyopten te of such materials 
as those illustrated, for it is probable but very. few manu- 
facturers (if any) are now such material, especially 
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each case increased by 2 tons, and the pieces bent slowly. 
By degrees 3 tons were taken off. pieces were ulti- 
mately closed so that the ends came parallel with one 


verter or by the open-hearth furnace, of a mild nature and 
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ANTIMONY ORs (per ton)— 10 
Regulus (star) ........000 « 57 
BRASS (per Ib.) — 8. 
Sheets, 48 x 24 ..... oc © 
Yellow metal ....... » & 


Castines Tywz AND OLEVELAND 
ton 














£ 
4 
2 
4 
Copper (per ton)— 
Chili bars ... 58 
Australian ... . 65 
English tough, best. 64 
o ite. 
Sheets, &c...... 68 
Bottoms ...... ° 75 
[RON OR8S (per ton)\— 8. 
hematite, biast 12 
” ” puddling 1 
Iaon Pre (per ton) — 
Barrow No.1 ...ccccee see 54 
° _ ow oo 48 
” o 8 we 46 
Cleveland No.1 wi... 46 
Po a0 & ccccccrcesre 46 
” w 4@ (Forge) 4 
POUNALY .rc.corcorce-sereerseees 38 
Welsh (South Wales)...... 65 
" (North Wales) ... 60 
No 
Scotch - 8. 
G.m.b., at Glasgow ......... 60 
Gartsherrie . 64 
Ooltness....... 69 
Summerlee 65 
Langloan . 65 
OCarnbroe 65 
Monkland wees 60 
QRIED cccrcgrcescccccsesrcesce-o | Og 
Govan, at Broomiclaw ... 60 


Calder, at Port Dundas.. 65 
Glengarnock, at Ar- 





Dal ‘ditto wis 
Carron, at Grangemou 

Ditto, specially selec 65 
Shotts, at Leith ........... 62 


MOCCOM COCCCOOC COO MK ogo acce°oe 


“_ _— 
Sim 80? 


eeofh ccooso 


57 


(The above all deliverable alongside). 


8. 
SHropahire.....srscerceveree $5 
North Stattordshire 7. 5S 
South cocscerse 8S 
Yorkshire Thornaby pig 

BO. &, cccsccrcecee ssccoccense $3 





s. 4. 
8s; o 
733 0 
7s 0 
56 © 



























Iaox, Waovueat - z 
Cleveland angles............ § 
@ er “oe «CS 
sa ars... 3 
° Soller plates... 6 
° BONES cccrceccorce §§ 
ae ship plates ... 5 
pad sheets.........0.. 7 
a hoops.... 7 
Scotch bars ........... 5 
~ nail rods .. 6 
Staffordshire bars 6 
om lates 6 
am oile 8 
” hoops 6 
Welsh rails S.W......... 4 
pa BORD oe cccrccrcesce © 
» boiler plates,S.W. 9 
» hoops, S.W.......... 8 
LEAD (per ton)— 
Soft English pig ........... 14 17 
‘as a Ws. cocseene ~ ° 
Spanish .......cccecceccereee 24 08 
GROBE ncccccscccccccesccrce cores 88 O 
PHOSPHOR BRONZE ~ 
(POT COM) ....cerceree sereeree LOS 
QUICKSILVER (per bottle) 6 
SORAP (per ton) - creveceee 3 10 
SPS.TER (per ton) - 
Silesian, ordinary ........ 13 17 
SP(SGELEISEN (per ton) — 
TERBG ncencoccccccccesscscescesmce 6 § 
GOMBMIGR. ccrcorccscescescersecee 
STSEL (per ton) — 
ee 34 
» double shear ......... 45 
oo AED  enamemes 32 
English spring..........0.. 14 
Blister ........... «+ 00 
Milan ........... 28 fr 
Bessemer rails.. 4 
” tyres . 8 
pa axles... 8 rt 
@ billets .. st 
@ Plates ..,.....00» 10 
oo , CD cress. § 
Steet Castings (per cwt.) ~ 
Hydraulic cylinders in 
the rough not to ex- 
ceed 6 ft. in length, s. 
guaranteed................. 26 
Do. do. finished............... 30 
Pinions and cog-wheels... 25 
Hammer tups, faces, 
swages, s5 cwt. and 


BROVO cececcrccrcorccscercosce QO 
Holders-up for rivetting 
machines, &c., 1} to 5 


owt........ 25 


wo 


eoeovowoooo0cno 


ecoo 


os 
Cr AUN SO AOCUuUMNN eV 


26 


“om “ 
ounungounese 


eocucoscooce 


- 
ouoo 


ocUC itCcrWrlc RhlUrt 


oo 


eecoeceoo CoO O 


ooo 





STEEL CASTINGS—continued 
Side cranks, cross heads, 


crane wheels, 


slides, &c. 


engine 


Tumbler bars “and other 


tings for dredging 


PULPOSES.......cerereereeeee 
Swapish Iron (F.o.b) at 
Gottenburg (per ton) - 





Banca .......+.-+ 
English ingots 
English bars... 
English refined. 






Australian ...........+ ai Be 
Tin PLATES (per box 


LO. charcoal....... 






LX. ” 
1-0. coke........ 
LE »« owe 


ZINC (per ton) - 





)- 


Sheets, English............... 


Wis, fencing 


» Telegraph (gaivanised) 
COALS AND 


COALS (per ton)— 


BABTOW  acccctccoscescesccscesee 


Bristol..........+. 


Derbysbire...........+:++ be 


Lancashire ..... 





Newcastle and Durham. ei 


Scotch. .........++. 
Staffordshire... 
elsh ........ 
Yorkshire .. 
CoKks— 
Cleveland 
Durham 


OILS, GREASE, & LUBRICATORS. 


OILS (per tun) — 





Seal, Drown ........0..e.s0008 


» pale 


Sperm body 
Whale, pale ..... 
” yellow... 


7 pone 
Guus 
PSTROLEUM - 






Fine (per gallon)....... wecee 
COAL oil, refined .............++ 
RaNGOON engine oil ......... 
BOO ccancnctecesszsnaies 


co 
8 


CoO ON DWWMmoww- 


9 
13 


£ 


a. s «& 
° 30 «8 
° 26 © 
8. £ 8 
5 4 to 
° ro 
° Ir to 
° 73 10 
° 0 60 
° 72 #19 
° 75 12 
° +, a 
° 75 0 
° 73 10 
d. s. d. 
6 a2 «6 
° 23 Oo 
° 20 0 
° 25 o 
8. & «6. 
° 2266s 
° 12 10 
° 3 0 
KE. 

d s. @ 
oe Ir ° 
° to 66 
° to 66 
o 1° ° 
6 12 oO 
° to Oo 
6 tr (6 
° 10 Oo 
° 12 @ 
° 9 6 
° iS 0 


8. £ 6. 
24 


w AN ABWZDOOO000 
-* 
Cc we 
s 8 oes an 
nm 
Aconw Aqaooo0c0000 
om om fT 


PRICH LIST OF MATERIALS. 


Tuurspar, Oct. 2, 1879. 








Price (per cwt.)— 8, 
British. ..........00.00++00 eecccses 5 
Archangel 7 

PLUMBAGO (per cwt.)— 

Coylon lump.........ess08 IE 
” chips .... cone 
” USE ....000 eereereeres 7 
Rarway GREASE (per 
Cwt.)—BRose’s ....00...-+. 28 
Pritchard, Offer and Co.'s 
concentrated ............ 60 
RESIN (POF CW). .ro.ccrce se or 4 
TALLOW (per cwt.) 
N. American 





” 

St. Petersburg, 

English, town .... 

Rough, English 
Tar—Stockholm (per A 

Archangel ........0.0.00-00000 1s 
TURPENTINE - Spirit— 

American (casks) ... ..... 3 
WIPINGS, engine (per cwt.) 20 


CHEMICALS, 
8. 


AcIDs— 
Aquafortis (per Ib.).......... 0 
Sulphuric acid (per lb.) o 
Sulphuric acid, brown...... ° 
AMMONIA —Muriate (per £ 
COM) ccoressccrcccccccssccvscccerss 29 
ARSENIO— 8 


White, lump (per cwt.)... 2 
Powdered (per cwt.) 


| BLEACHING powder per cwt. 


5 

Borax —refined (per cwt.) 35 
BRIMSTONE (per ton)— 
) 


see sores 





COPPERAS —green . 

CoppeR — Sulphate (pers. 
CWE.) ccorcsccccsocceccsscorce 28 

LEADS, SALTS, &c., (per cwt.) 














Acetate, DEBE creccovcccoee 18 
Brown ,, . 22 
BRe6 ...coccocce - 14 
0B ccoccerees - 8 
LITHARGE (perc ccasescee 289 
aes teeenemnns (per 
OMe tr ere Oo 
SALTPETRE (per cwt.) 
Englis kegs ... 18 
Bombay. seeseeeve OO 
ngal .., 18 
| Sopa Caustic oo 12 
| »» Crystals (per ton)... £3 
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capable of being welded together, asin samples No. 8 which 
I have shown you, because the welded material will facili- 


tate the manufacture of complicated fo: 


all t 


hi there uired 
making for ot such sted is conside 
of making them from large 

ulvantage of making that a 

ane aeale worked. — 


you in the finished 


sample out of the 
fo iI cannot resist 


for testing it. 
made from 


bored to 34 in. inside 


» and a charge 
powder exploded inside it. 


effect. A cha: 
a loud report, 


were 
end 


(without being 
t h it, turned to 1 


ei: a hole 
end by two cap nuts. 


of Curtis and 


same material 


» and 


. The cost, too, of 
rably less than that 
ts, and we have the further 
he particles or molecules 


It was my intention to have had a double-throw crank- 
shaft at the works, made from this welded steel, to show 
state; but I am sorry to say that the 
gentleman for whom it was made telegraphed orders for it 
to be sent off to the vessel. I have 


, machined brigh 


however, a small 
t and bent cold. 
Now that we are talking about the manufacture of large 
referring to armour 
8. I believe welded sicel to be a most suitable material 
or armour plates, but as yet have not had opportunities 
For guns, however, sample No. 13 
steel bars welded into a billet, rolled down into 
a bar 1 in. square, made into a coil and welded, turned and 
diameter and 4} in. outside diameter 
7 in. long. Both ends have been plugged with screw 
p i vey’s best gun- 
I expected that a charge of two 
ounces would have bulged or burst it, but this had no 
of four ounces was next tried, and it made 
t did no damage. Afterwards eight ounces 
laced inside the piece, and the explosion blew out the 
, but appeared not to have, in any perceptible manner, 
affected the general form of the cylinder. 
Another piece of the welded steel was afterwards taken 
in. in diameter bored 
ide diameter, and secured 
t A charge of 480 grains of 
prapewsee was then exploded within it, and it expanded 
in centre to 2} diameter, splitting into three pieces. 
was prepared in a 


ples taken 


severe tests ; 


not be inferre 
, of which, in 


be 
sensitive. 


in vain. 
lates and 


has been 


begins at the 


Governments. 


ng been | scheme of im 


consider n 
view the f 


tained 
from a 
had | in Sir Jo! 





resisted a far re 





ments, and a new 


crosses the Morava 


proposes that the Hungari 
anction line vid Sem 


alley, and 


go to the Bulgarian frontie 
nople, and the other in the di 
the Servian frontier, where it will join the Salonica and 
Mitrovitza line. The line between Austria-Hungary and 
Servia is to include a railway bridge across the Save. The 
cost of this bridge is to be contributed equally by the two 
he railways of both countries are to be 
constructed on the same gauge, and managed on the same 
system, the rolling stock being common to both lines. These 
railways, when completed, will ance, 
of a will provide communication between the Austrian lines 
the Bosphorus and Zgean Sea. 


Melbourne Harbour.—The Melbourne Harbour Trust 
are keeping in view i 
ving t 


the necessity of carrying 
he harbour which Sir John 
recommended, and are carrying out any measures they 
i With that 


preliminaries of the scheme. 


ecessary 
ollowing resolution was 
with a view to giving effect to 

ined in the report of Sir John 


Coode’s plans, 


for the Trust to enter into 





ill 


ut due consideration com- 


ater pressure or explosive force. May it 
that the experiments prove conclusively 
that this material is most suitable for such 
wy de pee and nom of opinion that it w 
yu ‘or suc e pu 

I have not lightly or witho t 

mitted myself to the opinions just expressed. I trust I 
have not used any remarks that could offend the most 
I have avoided names and comparisons, and if 
my paper may in any way lead to relieving shipowners 
and engineers of some of the anxieties incident to their 
, occupations, I shall feel that I have not treated this subject 


FOREIGN AND COLONIAL NOTES. 
Servian Railways.—Fresh negotiations have commenced 
between the Austro-Hungarian and the Servian Govern- 
ent has been made, which is, how- 
ever, not to be put into force until approved by the Govern- 
ments and legislative houses of both countries. This scheme 
Government shall make a 
to the Servian frontier, near 
Igrade, by the end of 1881. The Servian Government at 
the same time promises to construct a junction line which 
ungarian-Servian ——> ae Sa 
passing Alexinatz, goes as 

far as Nisch. This line, which is also to be finished by the 
end of 1881, is to have two branch lines, one of which is to 
r, in the direction of Constanti- 


directi 


ion of Salonica, as far as 


be of great importance, as 


Coode, an application be 
made to the Government for a permanent reservation for 
river improvements of the land indicated as being required 


for the neces permission ° 
immediate oom of the 


possession 


rposes as 


timately 


out the 
Coode has 





same ; that an amended bill be drafted for submission to the 
next session of Parliament, and that the Legislative and 
Lands Committee be requested to report.’’ 

The New Lesseps Canal Scheme.—It is authoritatively 
stated that no action has been taken and no correspondence 
held by the American Government either with regard to the 
canal scheme of M. de Lesseps, in its relation to the foreign 
policy of the United States, or with regard to the further 
explorations of the Isthmus by another Government expe- 


dition. 


believe, however, that M. de Lesseps and 


Both the President and the Secre 


oy 4 


the 


of State 
‘aris Con- 


gress have selected an impracticable route, and that the 
present scheme will eventually fall through lack of financial 
support and want of American co-operation. 

An Outer Harbour for Adelaide.—Mr. George Wells, 
of London, having offered to construct an iron pier and 
breakwater to form an outer harbour for Adelaide for 
174,0001., the South Australian Government have deter- 
mined upon appointing a commission to inquire into the 
whole question. 

South Australian Railways.—A number of recently 
arrived immigrants, principally married men, have been set 
to work on the Nairne Railway. A commencement has 
been made with the tunnels, the first of which, seven miles 
from the city, will be 620 ft. in length, and the second 
three-quarters of a mile further on, 1138 ft. in length. 


Two survey parties are busily engaged 


in making the 


necessary surveys beyond that point, and it is anticipated 
that their work will be completed in about two months. 
In order that there shall be no delay in calling for tenders 
when the engineering surveys have been finished, land is 


being bought as fast as the land plans are bein 


Lo 
It is understood that the men now employed by the Govern- 
ment will be kept on until definite construction contracts 


have been let. 


Mechanical Industry in Queensland. — Considerable 
discussion arose among the working men of Brisbane re- 
the decision of the Queensland Govern- 


cently conce 


ment to accep’ } 
dredge, and a largely attended meeting was h 
purpose of bringing pressure to bear on the aut’ 
the work being executed in the amt Bae 


insure 


ment has since reconsidered its decision. 
employment for a number of men_recen 


American Revolvers for Turkey. — Messrs. Smith and 
Wesson, of Springfield, Plo ay have received a con- 


tract to furnish the Turkish Go 
army revolvers, and they will commence 
pa 


h firm for building a 
t the tender of a Scote aa fon the 
horities to 
Govern- 
will afford 
tly dismissed 
from the Government workshops at Ipswich and Rock- 


vernment with 5000 No. 3 
upon the order 
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TREATMENT OF MEROURY IN NORTH 
CALIFORNIA. 
By T. Ea@ueston, Ph. D. 
(Continued from page 242.) 
METHOD OF DISTILLATION. 

At the American Mine,near Pine Fiat, all the ore 
revious to 1875 was crushed fine.in a ten-stamp 
alifornia mill run at a high vélocity. The use of 

such a stamp on cinnabar, is exceedingly 
friable, and on an ore which 4s : lean, can 
hardly be excused on the ground that the works 
were erected by a California gold minerZhe 
material was mixed with lime and treated in retorts. 
The average yield of the ore is said to be 2 cent 
The retorts are made of cast iron, are Q-shaped 
like an ordinary gas retort, and are arran 
benches of three, the centre one being the 
There are twelve of these retorts, 9 ft. long, 2 ft. 
wide, and 18 in. high in the middle, for which there 
were four fireplaces. . Ten per cent. of quicklime is 
used for a charge of 150 lb, of crushed ore. The 
ore and lime are mixed together in an iron trough, 
6 ft. long, 9 in. wide, and6 in. deep. This is carried 
by three workmen, one of whom holds an iron 
handle 2 ft. long with a crossbar of wood of the same 
length at the end, while the other two support the 
middle of the re. on an iron bar.shaped in the 
middle to fit it. The trough is introduced into the 
furnace, and pushed up to its further end. It is 
drawn out by the man who holds the end handle by 
short jerks, so as to leave the charge distributed over 
the bottom of the retort. The doors arethen fastened 
by means of thumbscrews, and made tight with wood 
ashes, and fired during four hours. The capacity 
of the retort is 500 lb. of ore in twelve hours. The 
condensation pipes are fitted with flanges to the back 
of the retort. A pipe about 18 in. long connects it 
with a vertical pipe 5 ft. to 6 ft, long, which fits into 
a horizontal pipe 6 in. in diameter, placed in a long 
tank of water below the level of the front of the 
furnace. Every six retorts discharge their condensed 
mercury through a syphon pipe. 

The soot is treated with lime. If the proper 
quantity of lime had been added to the ore, there 
would have been no soot to treat. 

It is surprising to see works which are new and 
carefully built, and upon which no money seems 
to have been spared, put up to treat such very 
small quantities of a very lean ore by sucha . 
Economy of construction or of management did not 
seem to have been taken into account. The air 
around the works for some distance was filled with 
mercurial vapours, and though the men wore wet 
sponges over their mouths and noses, most of them 
were more or less salivated. I did not visit the 
mines, but any mine which would justify such ex- 
pensively constructed works would certainly justify 
the erection of less wasteful furnaces. It does not 
surprise me to learn since my return that the re- 
torts were very soon ruined and torn down. A 
shaft furnace was then erected which has since 
been modified by having the Knox lace put 
into it, which treats 10 tons to 15 tons aday. 


METHOD OF ROASTING. 

The method of roasting is the one which is the 
most extensively used, and for which a very large 
number of furnaces have invented, Of the 
continuous furnaces, the one which is most in use 
is the Knox furnace. 

Ofthe non-continuous furnaces the only ones used 
are retorts and the modified Idria furnace, which 
was formerly used at the Redington Mine, and is 
still used at New Almaden. 


Non-Continvous FurNaces.—Mussourt Mine; 

_At the Missouri Mine, near Pine Flat, the ore 
yields about 2 per cent.; it is cinmabar scattered 
through chalcedony, which is found in very irregular 
masses in serpentine. The pieces are reduced to 
about one cubic inch ina B 's crusher, and are 
then treated in retorts, of which there are two 
benches which contain respectively 200 1b. and 
350 Ib. at a time ; so that the small ones treat 1000 
and the large ones 2100 every 24 hours. They are 
Q-shaped, 18 in. wide, 12 in, high, and 9 ft. long. 
They are charged every twelve hours by means of 
a shovel. It takes three-quarters of an hour to 
charge and discharge the large retorts and half an 
hour for the small ones, They are never filled full, 
as there would be da that the of the 
t force the luted joints, so 
t mercury would be 
into the works. At the Lost Ledge Mine the same 
company three retorts which ate 5 ft. long, 
and a capacity of 160 lb., for consequently treating 


ies 





3000 Ib. of ore in 24 hours. As the wear and tear 
is the same and the cost of erection is not very much 
less, it is very disadvantageous to use small retorts, 

When the furnace is ready for ing, the 
workmen tie wet spon over their mouths and 
noses, and then open the door. Before the door 
is opened a little fan — on the condensing 
pipe is set in motion, which causes an aspiration 
through the retort, so that the mercurial vapours 
are drawn into the condensing chambers. As soon 
as the back of the retort can be seen, the ore is 
drawn with long hoes to the front of the furnace. 
The drawn ore is at a cherry-red heat, and as it is not 


_ | entirely free from mercury, a considerable quantity 


of fumes are given off, so that the precaution of 
wearing the sponge is indispensable, The ore is 
carried as quickly as possible a short distance from 
the furnace, and extinguished with water, and a 
new charge introduced. When the water is scarce, 
only small quantities at a time are thrown on to the 
ore, which seems rather to increase than decrease 
the mercurialfumes, When it becomes very scarce, 
no water at all is used. The men are cautious 
about being near it any longer than they can help, 
and are rarely salivated, though they run a great 
risk. The small retorts produce from 34 1b. to 70 lb, 
of mercury, and the large ones from 10 lb. to 100 Ib. 
in 24 hours. Each retort is connected with the 
condensers by a horizontal pipe 6 in. in diameter 
and 30 ft. long; large enough to insure its not 
being clogged with soot. ‘They were formerly 
connected with the front of the retort, where they 
were always in the way of the workmen, and in 
danger of being damaged by the charge drawn 
from the furnace lyingagainst them. They are now 
made to connect with the back of the retort. 

The condensing apparatus consists of two cast. 
iron boxes 3ft. by 2 ft., and 2 ft, high, turned 
down into cast-iron tanks with an inclined bottom, 
which is covered with water. Into the bottom of 
these tanks a wrought-iron syphon, with arms 
sufficiently long to counterbalance the pressure of 
the water, is placed so that the mercury falls from 
it continually into a cast-iron pan. The m 
commences to flow 24 hours after the charge has 
been introduced. A small fan blower to suck the 
vapours from the retorts, is placed between the 
two condensers. This fan is enclosed in a box 
18 in, square, which has an opening 1 ft. in dia- 
meter closed by hydraulic packing, so as to give 
easy access to the interior. The pipes and con- 
densers are cleaned once a week, 

One hundred and forty pounds of soot and mer- 
cury mixed are collected from the smallfurnace. The 
mercury is scattered through the soot in very small 
globules, and in order to separate it, it is put into a 
sheet-iron pan 8 ft. long, 3 ft. wide, and 6 in. deep, 
inclined about 25 deg., which is moved from place 
to place as convenience may require, The soot is 
placed at the far end, and in order to separate the 
me which is free or in flour, it is worked with 
a hoe for a quarter of an hour, Three to five pounds 
of unslaked lime are then stirred into it. As the 
soot is damp the lime soon commences to slake; 
and the whole is left until it is entirely slaked. It 
is again worked witha hoe for three hours, About one 
barrel of lime, which costs 3 dols., is used per week 
for treating the soot. The mercury as it collects 
runs into the saapes pert of the pan, and is collected 
inapot. The ue, which has twice the bulk of 


the original soot, is —— in the furnace as ore ; 
such a chi will produce 10 lb. more mercury 
than usual. 140 lb, of soot 120 1b. of mer- 


cury are obtained directly, and about 10 1b. more 
from the soot charged in the furnace. When there 
is only a small amount of soot to be treated, an 
ordinary iron kitchen sink, 3 ft, by 18in., is used. 
The drain hole is placed over an enamelled iron 
vessel 1 ft. in diameter, and 6 in. deep, This vessel 
is used only because ordinary kitchen utensils are 
¢ x than the special apparatus, which would 
work no better. 

As the two benches of retorts are not near each 
other, each one requires one man shift of 24 
hours, who is paid 3.25 dols. They burn three and 
a half cords of wood in 24 hours, which costs about 
6 dols, a cord. The ugual price for labour is 64 dols. 
a month with board, 

The Eapenses for Twenty-Four ocr # 


Two men at the retort OT He «- 6.60 
Three and a half cords wood at 6.00 dols. 21.00 
Lime for soot ore eee eee “oe Cid 50 
Crushing ore two days at 1.25 dols. ow = 2.50 

80.50 



































The reason why the retort system, which is neither 
economical in g nor running, and has no ad- 
poy lopention, works tu chemdetey, tad ober 

ias, on chemistry, and other 
books which are in general vogue, have copied, and 
are still copying, experiments made fifty as 
being some S the best — —- _ in — 
metallurgy of mercury, which might s have 
been true at that yg As non Sank ‘a the 
only literature on the metallurgy of mercury to 
which the miners generally have ‘access, the retort 
is usually found in most places where the metal- 
lurgy of mercury is in its infancy. There is perhaps 
an economy in the first installation, and this, with 
companies of small capital, seems to be a great 
desideratum. With the high prices of quicksilver 
which ruled from 1873 to 1875, every place where 
ores were found was worked. As most of the 
deposits were irregular and uncertain, the owners 
of such mines have not felt themselves justified in 
going to any great expense, until the opening of the 
eposit showed that there was a future init. I saw 
no well-developed property, nor indeed any pro- 
perty which appeared to have a future, which was 
worked with retorts, except in just such instances 
as these, where the retorts were used to have an in- 
come while the property was being developed, or 
where the mines were evidently being worked in 
good faith with too small a capital, or in order to 
ave some production so as to be quoted on the 

stock list. 

(To be continued.) 





GRUBB’S EQUATORIAL TELESCOPE. 


AMONG the many beautiful objects which formed 
the splendid collection of scientific apparatus in the 
Paris Exhibition of 1878, there was none which sur- 
passed in interest the fine — telescope ex- 
hibited by Mr. Howard Grubb, F.R.A.S, of Dublin, 
and of which we give on the next page a perspec- 
tive view. The chief interest attaching to this in- 
strument was due to the fact that in it refinements 
and novelties were introduced which will form some 
of the principal characteristic features of the great 
Vienna equatorial of 27 in, aperture, which we 
intend shortly to describe in detail, and which is 
being constructed by Mr. Grubb for the Austrian 
Government, and is now approaching completion. 

It is of course a self-evident fact that for a tele- 
scope to be available for astronomical purposes it 
must be so attached to its stand as to be capable of 
being directed to any position in the heavens above 
the horizon, and we need hardly remind our readers 
that there are two very different systems of 
mounting a telescope by which this object is 
accomplished. In the first or altazimuth mount- 
ing, as it is termed, the tube of the telescope 
is supported on horizontal trunnions, the common 
axis of which passes through the centre of 
gravity of the whole moving mass of the tube and 
its attachments, and by this means the telescope can 
be moved in a vertical plane, or in altitude as it is 
called. The bearings in which the trunnions turn 
are, however, attached to a horizontal plate, whick 
is pivotted on a vertical axis, so as to turn in a hori- 
zontal plane, and in this way the telescope may be 
directed to any position right or left of the meridian, 
that is to say, in azimuth. If, then, the tube can be di- 
rected to any altitude and any azimuth, it follows that 
therecan be no portion of the visibleheavens to which 
it may not be pointed. Now, asthe apparent diurnal 
motion of the heavens is due to the rotation of the 
earth on its polar axis, it follows that the optical 
effect of that rotation is to cause the heavenly bodies 
to appear to move in circles, having the pole for 
their common centre, their planes being 1 to 
that of the equator ; and, therefore, in order to keep 
the i of astar within the field of a telescope 
for any length of time together the axis of collima- 
tion of the telescope must be caused to describe in 
the heavens a portion of a circle whose plane is 
parallel to that of the equator. It is clear 
then that, except at a on the earth’s 
surface situated either actually on the equator 
or at either of the poy a telescope mounted 
as an altazimuth could not be made to follow a star 
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EIGHT-INCH EQUATORIAL TELESCOPE. 
CONSTRUCTED BY MR. HOWARD GRUBB, DUBLIN. 


that which we are about to describe with extra- 


ordinary 2 

The equatorial aystem of mounting astronomical 
py consists in a the tube upon two 
axes of rotation, one of which is parallel to the 
polar axis of the earth, and the other perpendicular 
to that axis, or el to the equatorial plane. By 
swinging the telescope on its or polar, axis, 
its line of collimation describes in the heavens circles 
of which the celestial pole is the centre, and there- 
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fore similar to the apparent paths of the celestial 
bodies due to the axial rotation of the earth, and its 
angular motion around its axis measured in 
hours, minutes, and seconds, constitutes what is 
called its motion in right ascension, the equatorial 
line being divided into 24 hours, of which zero is 
that point of intersection of the celestial equator 
and ecliptic, which is commonly known as the first 
point of Aries, 

The other motion of which the tube is capable is 





wt 
a 


jo ‘ae its motion in declination, which os _ 
ar di ment in t circles ing ug 
the two poles of the heavens measured in degrees, mi- 
nutes, and seconds north and south of the equatorial 
lane, which is the zero of declination measurement. 
us, if the tube of an equatorial be directed to 
that point in the heavens represented by R.A. 0 hour 
0 min. 0 sec, and declination 0 deg. 0 min. 0 sec., the 
first point of Aries on the celestial will, if 
above the horizon, be in the field of telescope, 
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IMPROVEMENT WORKS AT THE PORT OF ANTWERP. 
MM. COUVREUX AND HERSENT, CONTRAOTORS. 
(For Description, see Page 280.) 
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and with a north declination of 90 deg. the tube | nation axes are each furnished with divided circles | true time be obtainable the tube of an equatoriai 
will be directed to the north pole of the heavens, no | by which the angular displacement of the tube may | telescope may be at once directed to it by properly 
matter what position in R.A. be given to it, for its | be accurately determined, the former in hours, | setting the circles, and when once in the field it 
line of collimation will then coincide, or, what in this | minutes, and seconds, and the latter in degrees, | may be kept there by the telescope being moved 
case is the same thing, will be parallel to its — minutes, and seconds, and if the R.A. and declina- | upon its axis with a equal to that of the 
axis. In equatorial telescopes the polar and the decli- | tion of a star or other heavenly body be known and | rotation of the earth, which in well-appointed in- 
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struments is effected by a clock constructed for the 
Pp . From the simple geometrical fact that 
the inclination of the polar axis to the plane of 
the horizon at any one spot on the earth’s surface 
is equal to the latitude of the place, it follows 
that an .equatorial telescope, like a sun-dial, 
must be specially designed and constructed for use 
at each different latitude, and, therefore, an 
equatorial designed for one place cannot be used in 
another of a different latitude unless its difference 
of latitude be within the range of the polar adjust- 
ment of the instrument. An altazimuth or common 
theodolite becomes an equatorial instrument if it 
be erected at either of the poles of the earth or at 
the equator, but the part played by the horizontal 
and vertical axes would be reversed in the two cases, 
for while its vertical would be its polar axis if set 
up at either of the poles, it would become its de- 
clination axis if used atthe equator. For all inter- 
mediate latitudes, such, for instance, as Greenwich, 
Vienna, or Melbourne, the polar axis of an equatorial 
asin that figured in the illustration must be inclined 
to the horizontal plane to an angular amount equal 
to the latitude of the place. 

Of equatorial systems of mounting there are 
two great 7 known in general terms as the 
English and the German systems respectively. 
In the English system, the polar axis is supported 
by a bearing at each end, and the telescope 
tube is attached to it by its declination axis 
which revolves in bearings carried by the polar 
axis, at an intermediate point in its length. We 
may mention as examples of important telescopes 
constructed on this system, the great equatorial at 
Greenwich, the great retlector at Paris, the Liver- 
pool equatorial, ‘“ the Northumberland” equa- 
torial at Cambridge, and the largest equatorially 
mounted telescope in the world, namely, the great 
4-ft. reflecting instrument constructed by Mr. 
Grubb for the Melbourne Observatory. 

The English system is perhaps, of the two, theo- 
retically the most stable, but it has one rather im- 
portant drawback, namely, that the upper support, 
with its framing, of the polar axis presents in certain 
positions of the tube an obstruction to the line of 
sight, necessitating a reversal of the instrument, 
which involves a loss of time, and possibly the loss 
of an important observation in consequence. The 
German system devised by the celebrated Fraun- 
hofer completely eliminates this defect with a loss 
of stability which is purely theoretical, and which in 
no way can be reckoned a defect in practice. In 
this system of construction the polar axis is sup- 

rted by two bearings, through the upper of which 
it projects, and to this projecting portion are at- 
tached the bearings of the declination axis; upon 
this system is constructed the instrument which 
forms the subject of this notice, and it is the type 
of equatorial mounting which is by far the most 
general, of which numberless examples might be 

iven, but we will only mention the De la Rue re- 
bre of 13 in, aperture at the Radcliffe Obser- 
vatory at Oxford, Mr. Lassell’s 4-ft. reflector, Dr. 
Huggins’ refractor, and the great Vienna refracting 
instrument. 

Referring to the illustration, it will be seen that 
the polar axis of the instrument is supported within 
a very rigid pillar P, which is further supported and 
stiffened by the stay bracket S. Both this and the 
base of the pillar are firmly attached to the 
baseplate C C, which is capable of a slight adjust- 
ment in altitude by means of levelling screws below, 
but not shown in the drawing. This baseplate is 
firmly bolted to the lower baseplate B, which in its 
turn is similarly bolted to the casting A A, but is 
provided with a screw adjustment at 4 by which it 
may be turned through a small angle in azimuth. 
By means of these two sets of screws the final per- 
manent adjustment of the polar axis is readily made ; 
by the one its axis is accurately set so as to make 
with the plane of the horizon an angle equal to the 
latitude of the place, and by the other that axis is 

in the plane of the meridian so as to be 

i exactly to the north} poie of the heavens. 
The polar axis carries at its upper end a crosshead D 
of cubical form, which supports in a long rigid 
conical bearing the declination axis, the centre line 
of which passes through T and T’'. To one end of 
this axis is rigidly attached the telescope tube at 
such a position in its length that the centre of gra- 
vity of its whole moving mass and fittings lies in the 
axis of the declination spindle, which carries at its 
opposite extremity a set of cylindrical counter- 


balance weights, showa in the figure, the posi- 
tion of which is so adjusted as to bring the 





centre of gravity of the telescope and weights to 
the point within the crosshead D, at which the 
right ascension and declination axes intersect. The 
angular displacement of the tel in R.A. is 
measured on two divided circles and verniers called 
the upper and lower right ascension circles respec- 
tively, the former of which is shown at r just below 
the crosshead, and the latter is seen through a small 
rectangular window Q near the lower flange of the 
polar pillar P. The motion of the telescope in 
declination is measured by two verniers on the 
declination circle dd, which is 18in, in diameter, 
and is divided on an alloy of gold and palladium. 
When both declination and right ascension axes are 
unclamped, the whole instrument can be swung 
round to any position by hand with the test 
ease, but each is provided with a fine or slow ad- 
justment; and one of the special features of 
this instrument lies in the fact that all adjust- 
ments, quick or slow, clamping, as well as the 
reading of the circles, can be effected at the 
eye end of the telescope by the observer, who 
need not alter his position in order to work every 
art of the instrument. Slow motion in declination 
is obtained by first clamping the declination arm ¢ 
by a slight turn of the clamping handle 4 4, and then 


rotating the handle gg, which by means of a pair of | guaran 


bevel wheels turns the tangent screw / which gears 
into a worm sector at the end of the declination 
arm e. Slow motion in right ascension is given to 
the instrument by first clamping the right ascension 
spindle by pulling the cord 7i, and then, by pulling 
the endless cord K K, motion is given to the gearing 
/ attached to the baseplate C, and by it is transmitted 
by a tangent screw and sector to the right ascension 
arm oo forming part of the R.A.clamp. Within 
the hollow casting B is the driving clock which, by 
a movement of the little clutch lever m, can at any 
moment be thrown into gear with the R.A. axis, and 
so cause the telescope, when once directed to a star, 
to follow it, keeping it automatically within the field 
of view, notwithstanding the motion of the earth 
tending to carry the telescope away from the star. 

One of the most interesting and novel charac- 
teristics of this instrument is the very beautiful 
system of optical arrangements by which both the 
declination and right ascension circles can be read 
from the eyepiece end of the telescope, and, what is 
perhaps still more i ere is, that they are both 
read in the same observing telescope, which is shown 
in the figure at R, a small angular motion around 
its own axis being all that is necessary in order to 
change the field of vision from the one circle to the 
other. Thus in one position of the little handle 
attached to the tube R, the upper limb and vernier of 
the declination circle are brought into the field of 
view ; by moving this handle through 180 deg. the 
lower limb and vernier of the same circle become 
visible, while at an intermediate position, or 90 deg. 
from either, the R.A, circle and vernier may be 
seen in the eyepiece of the observing tube R, 
and all this holds good at whatever position the 
telescope tube may be with regard to its stand. 
This very desirable result is brought about bya 
most ingenious system of totally reflecting prisins 
so arranged as to divert the line of sight into what- 
ever direction is desired, and by a similar method 
the two illuminating lamps shown at T and T! are 
enabled to perform a number of duties ; for example, 
they illuminate both verniers of the declination circle, 
the vernier of the R.A, circle, as well as the scale 
and position circle of the micrometer. The position 
circle instead of being divided on silver, as is usually 
the case, is etched on semi-trans nt glass, and 
being illuminated from behind by a beam of light 
from the lamp T, dispenses with the special hand- 
lamp ordinarily employed. 

Among the many novel refinements introduced, 
and by which this instrument is rendered, ina 
labour-saving sense, probably the most perfect ever 
yet completed, there are besides, (1) an improved 
system of clamping the circles whereby the defects 
of the old systems are obviated, (2) an exceedingly 
beautiful system of differential gearing by which 
the instrument may be slowly moved in right 
ascension without disconnecting the clock, and by 
which its motion may be accelerated or retarded at 
will, and (3) a highly interesting arrangement for 
controlling the uniform-motion driving clock by 
electrical connexion with a standard pendulum 
clock. This arrangement consists of a governor 
disc attached to the driving clock, the motion of 
which is retarded by a rising and falling rubber 
pressing upon it at each descent with a uniform 
pressure, but the period during which the pressure 





is exercised being by aremontoire, where- 
by if the disc has a tendency to run too fast the 
friction weight is allowed to rest upon it fora longer 
period than when its velocity is correct, and if its 
speed fall off it is kept off for a longer period, the 
instrument being so adjusted than when perfect 
uniformity of motion takes place between the con- 
trolled and the controlling shafts, the period during 
which the friction is taking place is equal to that 
when it is lifted off. ‘This apparatus is a most 
beautiful example of philosophical reasoning as well 
as of design and workmanship, but it will require 
drawings to render a description intelligible ; as we 
intend, however, shortly to place before our readers 
a description of the great Vienna equatorial, illustrat- 
ing all its important details, we will defer until then 
a more detailed description of the various accessory 
contrivances in the instrument which we have been 
describing in this article, for in the Vienna instru- 
ment they are nearly identical in principle and are 
carried out on a much larger scale. There is also 
in both these instruments a very interesting and 
ingenious arrangement by which the lateral and 
longitudinal strains on the polar axis are relieved, 
and by which its friction is reduced to a minimum. 

The name of Mr. Howard Grubb is now a sufficient 
tee that the perfection of workmanship with 
which the whole instrument is carried out is in 
every respect worthy of its original and beautiful 
design, and we must congratulate him —_ having 
so grand an opportunity of showing to what further 
refinement and perfection modern mechanical science 
can save the valuable time of the astronomical 
observer, as that which he has before him in the 
completion of the largest equatorial refractor in the 
world, which will before long be at the disposal of 
the Austrian Government. 


THE IMPROVEMENT WORKS AT 
ANTWERP. 

Amonest the numerous important works which 
have been executed or are at present in progress by 
MM. Couvreux and Hersent, engineers and con- 
tractors of Paris, the improvements in the port of 
Antwerp, a joint undertaking of the Belgian 
Government and the city of Antwerp, occupies a 
prominent place. These works, which we commence 
to illustrate in the present number, formed the 
subject of an important exhibit at Paris last year, 
and from a memoir which was part of this ex- 
hibit, and from the admirable report on engineer- 
ing works at the Exhibition by MM. Cerbelaud 
and Dumont recently published by Dejey and Co., 
of Paris, we obtain the information contained in 
this and subsequent articles. The situation of the 
city of Antwerp on the Scheldt about 60 miles above 
the outflow of that river into the North Sea, has 
always given to it a commercial importance vastl 
increased during the past fifty years by the networ 
of railways converging to it, and connecting it with 
the whole continend of Europe. On the other hand, 
vessels from all parts of the world find safe anchorage 
near its quays, the depth of water even at low tide 
being about 24 ft., while the tide, which has a rise 
of about 12 ft., assists the navigation of ships into 
the upper Scheldt, or to the network of canals ex- 
tending throughout the country. The record of 
arriving ships at the port of Antwerp shows a con- 
stant increase since 1830, when 719 vessels dis- 
charged there. In 1832 this number increased to 
1254, while last year it reached 4583, the largest 
number on record except in 1871, when the French 
ports were partially closed, and 5442 ships went up 
the Scheldt. The total tonnage for 1878 was 
2,165,895, the greater part of which was divided 
among 2211 English vessels. Sweden and Norway 
followed England with 563 ships, of which 350 
were Norwegian; Germany came next with 457, 
France with 280, Denmark with 270, Spain with 
101. The remaining ships were divided as follows : 
Holland, 83; Italy, 63; Russia, 45; the United 
States, 44; Portugal, 21; Austria, 17; of Belgian 
ae there were 232. 

though the city of Antwerp has long been pro- 
vided with quay walls, yet these were not sufficiently 
high to prevent occasional and very severe damage 
being done to the city by floods which occurred under 
certain conditions of tides and winds. The preven- 
tion of such accidents and the further development 
of the resources of the port, has been a subject of 
consideration for the Government and the city ever 
since the formation of the kingdom in 1830, and 
although much had been done in the construction 
of quays, docks, and basins, the actual condition of 
the port fell far short of its immediate requirements. 
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Before the commencement of the present improve- 
ment works, Antwerp possessed in addition to the 
Scheldt, which forms a fine harbour, seven wet docks 
or basins having a total surface of 100 acres, 
three graving docks, 24 miles of quay wall which 
have an area of 12} acres, 40} miles of railway, 
and 43,700 square yards of sheds, The plan, Fig. 1, 
on page 279, shows a point of the sweep of the 
river where the city is placed, and it also in- 
dicates the position of some of the fortifications 
defending the situation so vitally important both 
commercially and strategically to Belgium: Be- 
sides the quays and basins referred to, there are 
several others of less importance, including the basins 
of Saint Jean, au Beurre, and Saint Pierre, which 
will be absorbed into the new works, As has been 
already stated, for many years past the municipal 
and State Governments have worked in accord upon 
the project of improving the port of Antwerp, and 
one important step was taken in the destruction of 
a part of the old fortifications, and especially of the 
southern citadel, which allowed of the extension of 
the port in that direction. In 1870 a special Com- 
mission was appointed to examine into the question, 
and to decide upon the nature and extent of the 
works required ; this Commission reported that in 
order to deepen the river, and regulate the tides, it 
would be advisable to embank the side, on a curved 
line (see plan), which would start from the Katten- 
dyck lock, on the north, sweep behind the Werf, 
which would disappear, pass in front of the Saint 
Michel bastion, and terminate at the site of the 
southern citadel, joining up with the existing bank 
beyond the new fortifications. This recommenda- 
tion was accepted as a basis on which the complete 
scheme should be developed. 

Starting from this point the complete scheme was 
gradually elaborated, and comprised the following 
distinct features : 

1. A quay wall 11,480 ft. in length with 26.25 ft. 
depth of water alongside at low tide for the whole 
length of the city, from the Kattendyck lock to the 
end of the land belonging to the southern citadel, 
with three floating stages for the accommodation of 
vessels, and each provided with bridges connecting 
them to the quays. 

2. A large basin of ten acres area having 5576 ft. 
of quay walls. 

3. A lock connecting the basin with the Scheldt, 
with a good entrance, which should permit vessels 
to wait out of the influence of the tide and assist 
in- the operation of ships entering or leaving the 
basin. 

4, An embankment continuing the line of the 
quay wall, commencing with the termination of the 
latter and following the line laid down by the Com- 
mission, 

5. Filling up some existing basins, &c., which 
are suppressed by the new works. 

6. Filling in the space behind the new quay walls, 
and thus creating a large area of valuable ground, 

The elaboration of the scheme for these works was 
commenced in 1871, the year after the Commission 
had submitted their report by the Service of the 
Ponts et Chaussées, who prepared drawings for the 
quay wall which was to rest on iron cylinders sunk 
by compressed air, and connected at their upper 
ends by arches turned between them, Tenders 
for the construction of this work were applied for, 
but no action was taken, and it was subsequently 
determined to combine the whole work into one 
enterprise; for this purpose the Minister of Public 
Works prepared a schedule of prices, and an out- 
line of the works proposed. For all details the con- 
tractors were to be responsible. Numerous offers 
were sent in on this basis, the prices ranging from 
1,200,000. to 3,040,000/. Upon consideration it 
was concluded that the conditions upon which the 
work was offered were not all that could be desired, 
and they received important modifications, by the 
addition of a clause, providing for an increase or 
diminution in the price according to the nature of 
the foundations. Fresh tenders were asked for, and 
the work was eventually given to MM. Couvreux 
and Hersent for the sum of 1,531,000/. subject to an 
increase or diminution according to the nature of 
ground met with. 

‘The works undertaken in this contract were as 
follows : 

1, The new quay wall forming the new bank of 
the Scheldt to be constructed entirely of Boom 
bricks, with a facing of dressed masonry above low- 
water level, and finished with a parapet of Soignies 
granite. This wall was designed 19.68 ft. thick 
at the top, and built with a slope of 1 in 20 on the 





river face, giving a thickness of 20.5 ft. at low water 
level ; below to a depth of 26.25 ft. below low water 
the slope is increased to 1 in 10, making the 
width at the base of the wallabove the founda- 
tions 23 ft. The height of the wall from this 
point to the top is 47.06 ft. The portion of the 
wall above low-water level, is lightened by voids 
arched over with brickwork. he level of the 
foundations is 26 ft. below low water. This founda- 
tion is to be of a uniform width of 29.5 ft., and 
projects 4 ft. 6 in. from the wall on the river face, 
the depth would vary between 8.2 ft. and 16.4 ft., 
at least it is within these limits that the variable 
estimate was framed, the amount to be paid depend. 
ing on the quantity of excavation, Three recesses 
will be formed in the quay wall intended to receive 


the floating stages before mentioned. Communica- | P 


tion between the quay and the stage will be effected 
by means of bridges, one of the pontoons will be 
328 ft. long and 65.6 ft. wide, the other two will be 
98 ft. long and 32.8 ft. wide. These will serve as 
landing stages for the smaller vessels, and beneath 
the connecting bridges, spaces will be formed pro- 
tected from the tide and wind, for small boats, &c. 
The quay wall is being constructed partly in the 
river, as for instance above the Saint Michel bastion, 
partly on the site of the po quay wall, as at the 
Saint Michel bastion, and partly in land excavation, 
The ground carrying the foundations is a compact 
hard sand somewhat mixed with clay, and below this 
are the Boom clay beds, The nature and thickness of 
the sand were ascertained by means of caissuns and 
compressed air, and the same means are employed 
for getting in the foundations and masonry, below 
25 ft. underlow water The foundations will attain a 
depth of 34.5 ft. below low water, and in many 
instances this depth will have to be exceeded on 
account of the depressions in the ground. 

2. Beyond the upper end of the quay wall the 
rectification of the right bank of the river will be 
effected by means of an embankment constructed 
partly of broken stone thrown in up to low-water 
level, and partly of fascines, the upper portion 
being in earthwork revetted on the water face. 

3. Three basins will be constructed on the site of 
the southern citadel, all three connected together. 
The centre basin will’ be the largest; it will be 
874 ft. long and 197 ft. wide; the two others are 
respectively 806ft. and 738ft. long, and 164 ft. 
wide. A space of 65 ft. divides the central basins 
from each of those at the side, and allows a fair 
passage for vessels; a turning bridge will be con- 
structed to form a connexion between the sides. 
The bottom of these basins will be 6.5 ft. below the 
level of low water, and the coping of the surround- 
ing walls will be 20.8 ft. above the same level. The 
walls will rest on a bed of béton 3.28 ft, thick, en- 
closed between sheet piling; the face will have a 
batter of 1 in 10, and the total height will be 27.4 ft. 
to the coping, which will be of Soignies granite, the 
wall facing is to be of dressed stone, the back being 
of brickwork. 

4. The lock between the centre basin and the 
river consists of three different parts as follows: © 
The inner gate chamber, the sill of which will 
.98 ft. above the floor of the basin. It will have a 
clear width of 42.6 ft. and will be crossed by a turn- 
ing bridge to accommodate the railway on the quay, 
This part of the lock will be on a foundation 8.2 ft. 
thick. (4) The body of the lock, 246 ft. long and 
82 ft. wide, with an invert of béton 3.28 ft. thick, 
the side walls will correspond with those of the 
basins. (c), The outer gate chamber containing two 
pairs of doors for rising and falling tides ; the level 
of its invert will be 6.56 ft. below that of low water, 
and it will be crossed by a railway turning bridge. 
The foundations of this work will be difficult and 
costly, since they have to be constructed partially in 
the river. 

Between the outer end of the lock and the line of 
the quay a channel 164 ft. long and 164 ft. wide, 
intended for the convenience of vessels entering or 
leaving the basins will be found; this channel will 
be sheltered from the currents of the river. It 
will be enclosed between walls like those of the 

uays. 
P ad In making up the ground behind the quays and 
filling the Saint Jean canal and basins, the excavation 
for the new docks will be employed, the balance 
being provided by dredging the river on the left 
bank and so improving the channel. ; 

The extent of the undertaking may be estimated 


from the approximate quantities of material that it 
will absorb. Twelve thousand tons of iron will be 
used for the foundation caissons, stagings, bridges, 


&c., there will be 13,240,000 cubic feet of brick- 
work and béton; 882,000 ft. of masonry; and 
3,270,00 yards of earthwork, 

(To be continued.) 


FOREIGN AND COLONIAL NOTES. 

Paving by Steam.—Mr. 8. Johnson, who has contracted 
with the local highway department for paving Paschdll- 
street, in West Philadelphia, for some nine or ten squares 
eastward from its intersection with Haverford-road, is 
doing the — rt of the work with a steam paving 
machine, patented by himself. This machine, which is 
peape pil two men, is said to do as much ramming in a 
day as could be done by six men with the old style rammer, 
its capacity being 800 square yards per day. In appearance 
it resembles a steam fire engine, but it has on one end an 
iron crane moving over a semicircle of about 10 ft. This 
crane carries a steam hammer which moves up and down 
recisely as the steam hammer used in iron foundries, 
its force being moderated by a workman, who at the 
same time moves the crane right or left at each blow, 
while another workman, by levers and steam power, 
changes the position of the engine backward or for- 
ward as occasion requires. hammer can be made 
to strike with a force of 1500 lb. The engine, which has 
been at work on Paschall-street, the first ever built for 
this purpose, is unnecessarily heavy, weighing 64 tons. An 
evidence of its working power in forcing the rubble pave- 
ment into the gravel bed, lies in the fact that the heavy 
weight of the machine when moved over work which has 
once been rammed, es no impression on it. 


New Grain Elevator for the Pennsylvania Railroad.— 
Messrs. Malster and Reaney, lessees of the Baltimore Dry 
Dock, have secured a contract for the construction of a 
grain elevator at Harsimus Cove, Jersey City, for the Penn- 
sylv: i ye It will be the largest grain 
evator ever built, its dimensions being: Length, 205 ft. ; 
width, 145 ft. 2in. ; height, 176ft. There will be twenty- 
four of the elevators, each with a capacity for handling 
6000 bushels of grain per hour. pny apes cleaning ma- 
chines will also be erected as part of the system, and cars 
will be unloaded by steam shovels. Conveyers will deliver 
the grain on vessels at the piers, and one of them 
will require a belt of 2600ft. long, and 86in. wide. The 
whole machinery will be driven by three engines, each 
having 300 indicated horse power. ‘The elevator will be of 
the same design as the Canton Elevator No. 1, which was 
built in 1875 for the Northern Central Railway Company, 
and the estimated cost of the entire structure, which is to 
be completed in eight months, is 1,400,000 dols. 

German Coal Mining.—The gant coal raised in 
Germany in 1878 was 39,429,308 tons. © corresponding 

roduction in 1877 was 30,423,774 tons. The i penn of 
ignites raised in Germany, in 1878, was 10,971,117 tons, as 
compared with 10,644,427 tons in 1877. 

Pennsylwanian Coal.—A di and Table showing 
the annual [ear go of anthracite coal in Pennsyivania 
oa Tahig oo LF aed a oh a 

e and Navigation Company began shipping 
coal from the Lehigh region in 1829, and two years later 
shipments from the Schuylkill region were commenced. In 
a very few years the larger ye of coal came from 
the latter region, and in 1 the Wyoming region was 
opened, contributing about 6 per cent. to the annual pro- 
duction of that year. Wyoming now supplies nearly one- 
half of the total product, which has increased from 365 tons 
in 1820 to over 21,000,000 tons in 1873, and an average of 
about 18,000,000 tons purine the last ten years. The re- 
gion first opened, the Lehigh, now produces the smallest 
pro on of the total uct from the three regions, 
while that last opened, the Wyoming, now heads the list. 
The development of the Pennsylvanian coal business has 

very rapid since the close of the war, the top figures 
being reached in the year of panic, 1873. 

Locomotives on the PennsylWwania Railroad.—On the 
Pennsylvania Railroad a very careful record of the condi- 
tion of the locomotives is kept, and the following con- 
trivance for taining an ily seen summary is 
employed at the office of Mr. Theo. N. Ely, locomotive 
superintendent at Altoona. In this office there is’ an 
immense board covered with little pegs, upon which 
hang small, round, coloured discs, from the under part 
of which has been cut a small portion. These pegs and 
discs are numbered from 1 to 1250. Each number corre- 
sponds with an engine. On one part of the board the 
pegs are numbered consecutively. Look at this part for 
any particular engine which may desired, and on the disc 
will be found ‘‘ Ptgh,” “N.Y.” or “P.,?’? &e. This refers 

ou to the division where the engine is. Looking to that 
division on the board, and finding the number on the engine, 
another little disc, by means of its colour, will tell you just 
what. condition the engine is in. If the disc is pure white, 
the engine is in petfect order. If the disc is bordered by a 
red line, the engine needs only such slight repairs as may 
be made without Withdrawing it from service. If the disc 
is covered one half with red, repairs are required of a very 
slight nature, but for which the engine must proceed to the 
shop. If the entire disc is pale grey, repairs of a most im- 
portant character are needed, though still deemed slight. 
A disc entirely blue denotes a machine that needs very 
substantial repairs. One-half black and half white indi- 
cates that the machine is being built over. A disc all 
black denotes an engine dead, unfit, save to be cut up and 
sold. This record is changed i faioa and is so complete 
as to enable any one to see at a g’ the ition of the 
motive power. Repairs are never undertaken if they will 
cost over 3000 dols. per engine. 

Naptha-Worked Locomotives. — Russian journals an- 
nounce that at the opening of the Balakhansk Railway, 
locomotives fired with aaptha, built to the designs 








of a Mr. Lentz, were brought into successful operation. 
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Tue increasing size of steamships during the past 
few years, and the necessity of economising labour, has 


naturally led to considerable attention being paid to the 
employment of steam power for steering. y vessels 
are already fitted with steam s gear, while tho 


application of such gear to numbers of others will only 
bea matter of time. Under these circumstances the 

imple arrang t of steering which we now illus- 
trate will be of interest. It has been designed and 
patented by the makers, Messrs. J. H. Wilson and Oo., of 
wiverpool, and it differs in principle from previous steam 
gears, inasmuch as these have p odie exclusively been 
designed in such a way that the rudder follows each 
motion of the wheel or tiller, the effect of this in many 
cases being to lead to some complication. The arrange- 
ment illustrated consists of a pair of small cylinders 
acting on a shaftcarrying a worm pinion actua a 
worm-wheel, into which i is geared at 64 to 1. e 
chain-wheel or barrel is keyed on to the shaft of the 
worm-wheel. A slotted quadrant acts on a lever in con- 
nexion with the link motion and stops the engines as 
soon as the rudder is hard over either way. 

The action of the machine is as follows: If the order 
— to port the helm, the small tiller is used in the 
ordinary way ; if the next order is to steady, the tiller is 
drawn over to starboard till the tell-tale shows that the 
rudder is amidships, when the tiller is also brought into 
the centre, and the engines stop, and so on. 

The advantages claimed for this steam steering gear 
are, simplicity and moderate cost, economy of steam, 
prevention of sudden strain on the steering chain, and, 
finally, accuracy of steering. On going full steam the 
engine wil] run at a high speed, and the helm can be put 
over in @ few seconds. If required, the cylinders can be 
made of such a size as to put the helm over when the 
vessel is going full speed, but it is found in practice safer 
to reduce the speed of the ship, as the power needed to 
put the rudder over at full speed is not unlikely to carry 
away the rudder head, or do other serious damage. 

The Speke Hall, of the Hall Line of steamers, fitted 
with this gear, has just arrived out at Bombay, and most 
satisfactory reports have been received respecting the 
gear from the captain and engineer. 


YARN FROM WASTE SILK. 

Tue great importance of the manufacture of yarn from 
waste silk may be judged from the fact that for every 
pound of thrown silk, i.e., the best silk wound direct from 
the cocoon, or neat silk produced, 12 lb. to 141b. remains, 
which can only be worked up into yarn satisfactorily and 
profitably on special machinery, and which produces silk 
yarns at far lower prices, with great evenness of thread, 
and which are now spun in such perfection as to be 
employed for a number of —— to which a very few 
years ago only neat (thrown) silk was used.* 











* Descriptions of a set of machinery for dealing with 
waste silk —constructed by Messrs. Greenwood and y> 
who have made this machinery a speciality—will be found 
on pages 6 and 100 of our eighteenth volume. 














There are many different varieties of waste silk, but 
these, to a certain extent,can be classed under two heads. 

First, so-called “ cocoons,” viz. : 

a. Pierced cocoons, or such from which the moth has 
escaped and destroyed the continuity of the fibre. 

6. Double cocoons, in which there are two or more 
worms, and which cannot be unwound. 

Secondly, “frisons,” such as : 

a. The silk unravelled from the cocoons before the end 
is found. 

6. The ends of the cocoons, which also cannot be wound 
off in the usual way. 

e. The waste in winding. 

Before coming to the washing machine the frisons are 
softened (i.¢., put into wooden tubs with hot water) and 
kept at a certain temperature for several days in order to 
detach the gum, which is then afterwards removed more 
completely in a washing machine; a steam pan is also 
required for completely discharging the silk either before 
dressing or in one of the after processes. 

In the washing machine the cleansing operations are 
performed by stampers beating and opening the silk, 
anda strong stream of water falling carries away the dirt. 
Cocoons are generally softened and washed in the 
stampers with hot water and soap, the stamping and 
washing opening the cocoons and removing the gum. 
When the cocoons are old and hard they require to be 
softened previously in tubs and treated in the same 
manner asfrisons. The silk is afterwards dried in the 
hydro-extractor. 

Cocoons when dried are fed on an endless sheet over a por- 
cupine roller on to a cylinder covered with coarse pins to 
the pening hine, which tears open the cocoons 
and forms them roughly into a continuous lap round the 
cylinder. From this machine the lap is removed and 
taken to the cocoon-filling engine with a similar feed, 
the cylinder being garnished in this machine with combs 

ed at certain intervals, and the silk is then cut into 
engths and put between hinged wooden boards or books 
ready for the dressing frame. 

After the frisons are washed and dried they are passed 
over a frison-filling engine somewhat similar to the cocoon- 
filling machine, but with stronger cards orcombs. The 
silk isthen cut to length and put into boards ready for 
the dressing frames. From this point there is no diffe- 
rence in the treatment of cocoons and frisons. 

In the flat dressing frames the boards or books con- 
taining the silk are put in a press raised by cams and 
operated upon by combs mounted in a travelling sheet, 
which dresses or combs out the ends of the fibres, The 
silk is then reversed in the books, and the other ends are 
dressed in a similar manner. 

This treatment will comb off into the travelling sheet 
the shorter fibres, leaving in the books silk of the longest 
lengths only, called technically “first draughts.” The 
shorter silk taken off the travelling combs is then sub- 
mitted to the action of the circular self-acting dressing 
frame, which takes out the remaining draughts in gradua- 
tions of lengths, say, 2nd, 3rd, 4th, 5th, and 6th draughts 











GEAR. 
CONSTRUCTED BY MESSRS. J. H. WILSON AND COMPANY, ENGINEERS, LIVERPOOL. 
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in a somewhat similar manner. The longer draughts 
of silk in stricks are then placed in the patent inter- 
secting —- laid on to an endless sheet, and passed 
through intersecting gills on to a plain wooden drum, 
from which it is taken off in form of a lap. We give on 
the opposite page a perspective view of one of these 
intersecting spreaders constructed by Messrs. Greenwood 
and Batley, of Leeds, and exhibited by them at Paris last 


ear. 

Thelaps just mentioned are drawn out into a continuous 
sliveron the set frames to ascertain the weight, and then 
through intersecting gills and delivered into a can. A 
number ef these cans containing sliver are put up behind 
the drawing heads, which by means of drawing rollers 
and screw gills elongate, straighten, and equalise the 
fibres, delivering one sliver only. A number of slivers 
are thenagain put up, and the second and third drawing 
follow in like manner. 

For the shortest draughts of silk coming from the 
circular dressing frame the stricks are fed on to a 
sheet, and by means of a porcupine roller are delivered 
on to a drum covered with pins, and taken off in a lap 
onthe napping machine. The subsequent drawing pro- 
cesses are similar to those above described. The finished 
sliver from the last drawing head is then put up to the 
roving frame, partly over screw gills, aslight twist being 

ut in, and it is wound in rove on to a wooden bobbin. 

he rove silk is now spun into yarn on the spinning 
frame, and afterwards doubled or twisted on the twisting 
frame, and reeled to length on the double reels, while 
finally it is bundled up in the bundling press into packets 
of yarn for sale. 





Coat In Cutna.—An attempt is contemplated to work 
coal mines in the neighbourh of Ching-men-Chow, not 
far from Ichang. Boring operations were commenced late 
last autumn. The coal-producing country appears to 
cover an extent of 75 square English miles, 15 long by 
5 broad. There are ten layers of coal one above the 
other. The bed in Wotzukow is estimated to be 500 ma 
lish acres in extent ; that at San-li-Kang to be one-fourt 
of its size It is supposed that 1,200,000 tons of coal can 


' be raised from Wotzukow, and 800,000 from San-li- 


at the rate of 40,000 tons a year. The supply thus would 
last at least forty years. It is highly probable that 
farther explorations will bring to light fresh beds, as these 
discoveries are the result of merely the first investigations. 
- —_ me meemened Sa) 6 few =! jong been comet 
y the people living in the district, but they have not pene- 
trated to the level of the best coal or la: seams. The 
bed at Wotzukow is 100 ft. below the surface. The coal is 
just the same as the best American anthracite which is 
rought to China. Specimens of all the native and foreign 
coal procurable in China have been analysed together and 
the new coal oe shown —s superior to all for es 
purposes. The province of Hupei possesses several min 
containing iron of excellent quality. If these are worked 
SS ee el tchonel it einer poorinces 
obtai if the exam: in o 
a source of wealth to the whole country will be opened 
up. 
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IRON AND STEEL AT HIGH 
TEMPERATURES. 


On some Physical Changes occurring in Iron and 
Steel at High Temperatures.* 


By THomAs WRIGHTSON. 

Tuer large amount of attention bestowed upon the 
chemical properties of metals, and the scientific methods 
adopted for their investigation, have led to the most bril- 
liant results in the history of the iron and steel industries. 
It must not, however, be overlooked that iron and steel 
have highly important properties other than those which 
can be examined by chemical methods. The cause for so 


Wrought iron Rectangular plate. 1¢thicks11°995x5-98 planed on 
both surfaces ard edges; Heated toredness, and cooled ui water 
SU tumes. The dotted lines show orugual form, the Black lunes, 

the form aher the expeunot 


Ys fell Sire. 



































one experimenter can do is to record faithfully and ac- 
curately his observations, carefully specifying the exact 
conditions of each observation, and this must eventually lead 
to a more complete knowledge of the physical properties of 
the metals. 
The author’s observations have been led in the following 
ons : 
1. The changes in wrought and cast iron when subjected 
to repeated heatings and coolings. 
2. The effect upon bars and rings when different parts 
are cooled at different rates. 
8. The changes occurring in molten iron when passing 
from the solid to the liquid state, and vice versd. 
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little having been done in accurate observation of the Part I. ? 
physical properties of iron is twofold: 1. The molecular| To illustrate the practical importance of knowing the 

ges of the metals are so slow, when at ordinary tem- | effects of reiterated heating and cooling on iron plates, one 
peratures and when under ordinary conditions of strain, | of the most obvious examples is the action of heat upon 
that reliable observations, necessarily extending over long | the plates of boilers which are alternately heated and 
periods, are difficult to obtain. 2. en the temperatures | cooled as in use or otherwise. When in use, the plates 


are highyat which times the greatest and most rapid 
molecular changes are occurring—-the difficulties of obser- 
vation are multiplied to such an extent that the results 
have not the scientific accuracy which characterises the 
knowled e we have of the chemical properties of metals. 

The object of the present paper is to draw attention to 
some phenomena connected with the physical properties of 
iron and steel, and to record some experiments showing the 
behaviour of these metals under certain conditions. 

In experimenting, the author has endeavoured to adopt 
methods which would as far as possible eliminate the two 
great difficulties mentioned. 

It is obvious that the possible conditions under which 
experiments may be made are so numerous, that all any 


* Paper read before the Iron and Steel Institute at the 
Liverpool meeting. 











above the fire are subjected to the fierce flame of the fur- 
nace on one side, and on the other side to a t 
approximating to that of the steam and water in the boiler. 
the conducting surfaces of the metal are ed 
at the rivetted seams, a source of danger is frequently 
revealed in the appearance of what are known as “ seam- 


rips. 

The long egg-ended boilers, much used in the North of 
England, bject to this breaking away of the 
seams. From some tests made by the writer on iron cut 
from the plates of two different boilers which had ripped 
at the seams, and one dg oe na — to an ex- 
plosi meng wa Bigg stim on 4 
though happily of no lives, it was found that the heat ack 
ing on the bottom of the boiler had, through time, so 
make it brittle, appa- 
and of small tensile strength. 


ected the iron at the seam as to 
rently crystalline in fracture, 


less injuriously Bu the alternate heat- 
ing and cooling of the plates over a iod had 

duced this change in condition of the iron 
a method of ts itself in the process of 


annealing. In subjecting the pieces cut from the seam-ri 
to a dull red heat, and allowing them to cool slowly 
> sawdust, the writer +—— that ie ae shamans — bed 
the iron appeared again, rene ting sho 

the ductility and tensile strength were restored. 

The same of annealing is equally effectual in 
——. | ity of — in chains senveed Dee 
and a tly e, ong use, and is periodically 
Pi ied where safety p veneer | upon material in this form. 

hus the heating and cooling of iron may be looked upon 
as the bane or the antidote according to the conditions under 
which the process is carried out. is affords an example 
of the importance of the physical effects produced by re- 
peated changes of temperature. The change effected by 
one heating and cooling is so small that a cumulative 
method of experiment is the oe which an observ- 
able result can be obtained, and this is the method adopted 
by the writer in the investigation now to be described. 

It is well known that if a wrought-iron bar be heated to 
redness, a certain ex ion takes place, which is most 
distinctly observed in the direction of its length. It is also 
known, although not generally so, that if a bar be thus 
heated and then suddently cooled in water, a contraction in 
length takes place, the amount of this contraction exceeding 
that of the previous expansion, insomuch that the bar when 
cooled is permanently shorter than it originally was. If 
this process of heating and cooling be repeated, a further 
amount of contraction is found to follow for many successive 
operations. 

Experiments Nos. 1 and 2 were made to verify this, 
-— to show the increment of contraction after each opera- 

ion. 

Experiments on Wrought-Iron Bars 1 in. Square 











80.05 in. come, heated to a Dull Red, then coo 
suddenly in Water. 
iment No. 1.) Experiment No. 2. 
mmon Iron. Best Iron. 
_ |Percentage| F . | Percentage 
i & |on original = & | on original 
8s Length. 3s Length. 
in. in. 
After 1st cooling | .04 13 04 13 
» an 10 33 | «.10 33 
res fi 16 53 14 46 
ap Sa 17 56 16 .53 
i 23 -76 -20 .66 
a at .28 .93 24 .80 
wo Ge cal 31 1,08 .27 89 
— .33 1,10 30 1.00 
a Oo 40 1.38 33 1.10 
a See a 47 1.56 39 1.30 
oo ee 52 1.73 42 1.40 
i ae 54 1.80 47 1.56 
> Se 58 1.93 51 1.70 
i rok 62 2.06 54 1.80 
o. =e » 68 2.26 56 1.86 

















Two Be ee bars 1fin. square and 30.05in. long were 
selected.* No. 1 was of common “‘ Crown”’ quality ; 0.2 
of a superior quality known as ‘‘Tudhoe Crown.”” These 
late ‘suber af salieary’ semauenona, tke Mena hone 
into wa' of ordi mperature, t' 
accurately measured after each cooling. After’ fiftecs 
heatings and coolings the permanent con ion on No. 1 
bar was 2.26 cent. of the original length, and that on 
No. 2 bar 1.86 per cent., or an average on the two bars of 
about .13 per cent. after each cooling; the increment of 
contraction being nearly equal after each successive opera- 
tion. It is noticeable that after the first two coolings the 
better quality of iron did not contract quite so much as the 
common quality, and that in the latter the contraction was 
going on as vigorously at the fifteenth as at the first 


Similar bars of wrought iron, heated to redness and then 
—— % Poe in air at ns eases, 
a er any permanent change in their h. 

iment No. 3 was made to verify this. a 








E, iment No. 3.—Wrought-iron bar, 1} in. square 
30 in. long, heated to a dull red mak cesled ‘Senet, 
in air. 
Percentage 
—_— Contraction. ere Remarks 
original r 
Length. 
After 1st cooling | No change wi 
” 2nd ” ” 
3rd ” ” 
” 4th ” ” 
ot ee PF 














* In some of these experiments the original sizes of the 
iron were measured with an ordinary foot-rule, in 
which case the dimensions are given in the ordinary 
fraction used in expressing the mercantile sizes of iron. 
When accurate measurement was taken i 





decimals are in- 
variably used both in this paper and the Tables of experi- 
ment, 
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Experiment No. 4.—Wrought iron 
30 in. long, heated to a white heat 
in air. 





Con- 


tenstion: Remarks. 





No change 
” ” 
.02 
-05 

-05 


After 1st cooling... 


8rd ” 
4th 
5th 


” 
” 
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It may be remarked, that if the bars be heated to white 
heat a slight contraction does occur, as shown by 71 
ment No. 4, where a bar of the same dimensions as No. 3 
contracted .17 per cent. after the fifth cooling. As, how- 
ever, the further remarks on this subject have only re- 
ference to bars heated to redness and then cooled, the 
writer would summarise the results of Experiments Nos. 1, 
2, and 8, by stating that—Wrought-iron bars heated to 
redness permanently contract in their length along the fibre 
when cooled in water of ordinary temperature ; but when 
cooled in air, they remain unchanged in length. 

To show that this is true as applied to circular hoops, 
Experiment No. 5 was made upon a wrought-iron bar of 
1} in. square in section, welded into achouhe hoop 57.7 in. 
outside circumference. 








Experiment No. 5.—Wrought-iron hoop, 1jin. square 
by 57.7 in. outside circumference, heated to a dull red 
then cooled suddenly in water. 

Percentage} 
ani Contrac- | of original 
tion. Circum- Remarks. 
ference. 
in. 

After 1st cooling .06 10 Red heat. 

oo 6s .06 10 This was nearly 
Lt rU | oe 16 -28 white, but be- 
oo GN .26 45 fore cooling red 
~~ tae 35 61 hot. 

os Sa we 46 80 

so Ter oe 54 .93 

oa: GR. wo .60 1.04 

— wae .68 1.18 

o» 10th ,,; -76 1.32 

ve BED os .80 1.38 

» 12th ,, 87 1.51 

» 18th ,, 94 1.63 

nl os 1.00 1.73 

2 ee 
” ” . . ite ge 
~— ion 1.76 3.05 1.68 shoop pli 














This hoop was heated to redness and cooled in water 
twenty-five times, the circumference of the hoop being 
accurately measured after each cooling.* 

The Table of Experiment No. 5 shows that at the twenty- 
fifth cooling a contraction of 3.05 per cent. had taken place, 
or an ererage of .122 per cent. after each cooling. This is 
almost identically the same average result as shown in Ex- 
periment No. 1 with straight bars. 

The above experiments only having reference to the per- 
manent contraction of the iron in the direction of its length, 
the author made the following experiments to ascertain the 
effect in the other dimensions, and to see whether the 
specific gravity of the iron was affected in the reduction of 
dimensions. 

Experiment No. 54.—Wrought-iron plate, .74in. thick, 
planed on both surfaces and all to a form nearly 
tangular, and of the dimensions below : 
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Specific Gravity.—Two small samples were cut out of 
different parts of the same piece of & te from which the 
experimental piece was planed, and the specific gravity de- 
termined as follows ; 

No. 1 piece ... 7.629, 
No. 2 piece ... ‘io soo. See 

Quality.—Subjecting a piece to ten strain in the 
direction of the grain, it broke at 21.2 tons per square inch 
of section, the ductility being such that an elongation of 8.3 
per cent. occurred before fracture, with a reduction of 9.6 


Mean, 7.64 


per cent. of the area of fracture. This may be looked upon | principal 


as representing a fairly good quality of iron. 





* The lengths of circumference were taken, in this and 
other hoops, after each cooling, by encircling the periphery 
with a, very fine piece of “‘crinoline”’ steel, the ends of 
which were made y's to meet round the original hoop. By 
again encircling the hoop with the same piece of steel, the 
expansion was shown by a gap between the ends, and a 
contraction by an overlap, either of which was measured 


The plate was subjected to 


heatings to redness and 
x ccbanapesh cotinine unin al deen oromnten. “ 


every tenth ¢ accurate measurements were 

the contraction in superficial dimensions, and Figs. 2 to 4 
show the final form after coolings. The intermediate 
measurements at every ten — showed a uniform 
and ual decrease in the superficial dimensions, but the 
thie’ s were only measured after the fifty coolings had 
been completed. The thickness appears to have varied con- 
siderably : in some places, notably towards the centre and 
outside edges, being much red! . Between the centre and 
outside aa the thickness oo to have increased, 
and in some few places the plate oe Yo The 
average dimensions in inches before and @ experi- 
nn were as follows (dimensions of cracks being allowed 
or): 





Cubic 
Inches 
Capacity. 


Av 
Thick- 
| ness. 


A 
Length. 


* in. 
11.995 
11.25 





in. 
74 
774 
Increase 
of 
46 p.c. 


Original ... ‘a 58.08 
After fifty coolings 48.72 
Percent. varia- 
tion from ori- 
ginal 


of 
6.52 p. c. 


of 
6.2 p. c. 











of 
8.2 p. c. 








Three triangular pieces of iron were then cut out of the 
plate from positions indicated on the diagram ; No. 14 from 
the part most reduced in thickness, No. 3a from the 
most increased in thickness, and No. 24 from a part w 
the thickness was a mean between the thickest and thinnest 

art. The specific gravities were accurately ined as 


ollows : 
No. 14 one 7.552, thinnest ote 
No, 2a 7.574, average thickness, 
560, thickest " 


No. 34 eve tiie ? 

The average of these specific gravities is 7.562. 

The 1-7 before pe ns may ne was ys Hence the 
avi loss in specific gravi been 1.02 per cent. 

To further test these ay the tri piece No, 1, 
specific gravity 7.629, was subjected to fifty heatings and 
coolings. After filing off the oxidised surface and an 
surface cracks, the specific gravity was found to be redu’ 
to 7.59 or .51 per cent., only about half the percentage 
compared with the change when in the solid plate. 

No. 2 was also heated and cooled twenty-five times, the 
result of which was a decrease of specific gravity from 7.651 
to 7.612, or .5 = cent., being the same change as effected 
in No. 1 with fifty heatings. 


the solid plate), was next heated and cooled fifty times 
more. The specific gravity at the end of the 100 total cool- 
ings was 7.52, being .43 cent. lower than after fifty 
heatings in plate, and 1.57 per cent. lower than 7.64, the 
original mean specific gravity of the plate. 

he same piece, 14, was then heated twenty-five times 
more, making 125 in all. On taking the specific gravity it 
was found to be 7.526, or practically the same as after 100 
total heatings and coolings. 

It thus appears that there is an undoubted decrease in 
specific gravity on repeated heating and cooling as described, 
up to 100 coolings the specific gravity decreasing as much 
as 1.57 per cent. ; that this percentage appears to be less 
when the pieces of iron operated upon are very small; that 
while there is a decrease of specific gravity there is also a 
decrease of total volume. 

From the above it was evident that the volume was 
affected by several causes : 

_1. By the permanent contraction of the outer skin, 
either the volume would be lessened or relief by bulging 
out the sides must occur. 

2. By the decrease of specific gravity an increase of 
volume must occur, which could also find relief in bulging. 
3. A diminution of the whole mass must occur throug 

scaling of the surface. 

Having determined the change in specific gravity by 
Experiment 54, we only now want to determine the loss of 
volume due to surface scaling, and we can then infer the 
actual contraction of the outer skin. 


Experiment No. 58.—To ascertain the amount of scaling 
which took place in heating and cooling under same con- 
ditions as riment No. 5a, a wrought-iron plate cut 
from the same piece as No. 5a, thickness .74in., planed 

on both surfaces and all edges to a form nearly rect- 

angular, and to the dimensions below : 

















the dimensions) between this and No. 5a, was that the 
incipal grain of the iron was in No. 5B in the direction 
of the arrow,] whereas in the other it was lengthwise of 
the plate. 

This piece was subjected to fifty heatings to redness and 
sudden coolings in water of ordinary temperature, as in 
the case of No. 54. The change in form was exactly the 
same in general character, but the contraction was not 


uite so great either in length or breadth ; the increase in 
thickness. however, was proportionately ter, the 
by displacement of after fifty 


The small trian jiece No. 14, specific gravity 7.552 
(already subjected to fifty heatings when formi pany 18) 


The only difference (except the very small difference in | has 


as in No. 5a after the same number of heatings. The weight 
of the piece before heating was : 


After fifty heatings 
Difference ink ase a ae 


This re mts a loss of 9.07 per cent. of the original 
weight Y scaling, and upon the whole original surface 
(sides and edges) represents a thickness of .0284 of an inch 
for the fifty immersions, or .00057 of an inch for the thick- 
—_— Oe ens each immersion over the whole 
surface. 

Calculating the weight of No. 5a before and after ex- 
pines from the volumes and specific gravities, we find 

e 


wing : ; 
Mean Weight . 
pecific Ct bic Poun e 
Gravity. a 


Volume. 


Weight before 
heating should 


be a 


7.64 036 14.599 


58.08 x 


x 


48.72 x 7.562 036 13.262 
Difference in weight 1.337 
The ascertained difference in the case of No. 5B being 1.332, 
thus sufficiently accounting for the discrepancy between 
ific gravity and change of volume by the 7 
By Experiment 5B it has been shown that the loss of 
thickness due to scaling after fifty immersions was .0284 in. 
over the whole surface (sides and — Therefore, as- 
suming this scaling as uniform over the surface, the girth, 
whether measu lengthwise or breadthwise, should be 
eight times .0284, or .23in. less after immersion than be- 
fore. Now the gross loss of girth is : 


x 














Length- |Breadth- 
wise. wise. 
in. in. 
In No. 5A oe eve 1.38 86 
In No. 58 ... es 1.2 52 
Or for both experiments a mean of ...|_ 1.29 69 
Deducting from them the loss of girth 
due to scaling ... 600 ius oy .23 
Net contraction — fifty immersions} 1.06 46 
of original girths, 
“em a eee eee oe 25.46 13.43 
per cent.|per cent. 
We have a percentage of ove «| 4.16 3.42 
Or for each immersion on average of ...| .083 07 











Comparing these results with those of Experiments Nos. 
1, 2, and 5, we find that the contraction of the skin of the 
te is less for each immersion than that of a bar or hoop 
in the proportion of .125 to .083. This is what ht be 
ex , as the contraction of the plate is resisted by the 
volume of heated matter inside, which is eventually dis- 
placed by bulging, while the bar finds relief endwise with- 
out having to displace the interior. — ; 

We have now before us the following facts, substantiated 
by the experiments described : @ 

1. That in heating to redness, and then cooling suddenly 
in water at ordinary tem es, bars and plates of 
wrought iron, a reduction of specific gravity takes place, 
the amount being about 1 per cent. after 50 immersions, 
and 1.57 per cent. after 100 es rey = ge beatings 
and coolings not appearing to produce er change. 

2. That a reduction of the surface takes place after each 
heating and cooling, this being due to two causes: 

a. The scaling of the surface, which is shown to amount 
toa film over the (sides and edges) entire area of .00057 in. 
in thickness for each immersion, or .0284in. for 50 immer- 
sions (Experiment 55). 

b. A persistent contraction, which takes place after each 
immersion. This varies according to the form of the iron, 
being in plates from .07 per cent. to .083 per cent. (Ex- 
periment 5a), while in long bars it varies from .122 to 15 
per cent. (Experiments 1, 2, and5). This contraction con- 
i i usly up to 50 immersions, and probably much 


8. That in the case of plates, a bulging takes place on 
the largest surfaces, in ing the thickness towards the 
oo, ante the edges diminish in thickness (Experi- 
ment 5a). 
4. That wrought-iron bars heated to redness, and allowed 
to cool slowly in air, do not show any change in dimensions 
(Experiment 3). : 
The reduction of specific gravity, and the bul; out of 
the sides, have been explained as follows by the learned 
secretary of the Royal Society, Professor Stokes, who has 
taken considerable interest in these eg ompeme d who 
kindly allowed the author to publish the tion : 
“* When the heated iron is plunged into water, the skin 
tends everywhere to contract. It cannot, however, do so 
iy significant extent by a con ion which would 
leave it similar to itself, because that would imply a squeez- 
ing-in of the interior metal, which is still expanded by 
heat, and is almost incompressible. The endeavour, then, 
of the skin to contract is best satisfied, consistently with 








with great acouracy by means of a finely divided scale. 


volume (measured 
heatings being 48.6 cubic inches, which is nearly the same 


: ; ; ion of 
the amino tla St rt hres, combined 
sie 0 halatas ont he ent en, Tne eee 

nal ynan indlorvabber ekin of the form of the plate 
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in its first state, the skin being free from tension, and] with buyers at 60s. 6d. cash, and sellers at 60s. 9d. The] ENGINEERING, was launched last Thursday, and named 
having its interior filled with water, treacle, or pitch. I] market was even more excited on Friday than it had| the Buenos Ayrean. She is at present the largest steel 
make abstraction of gravity. It would retain its shape. | hitherto been, and prices took the greatest mount in one | vessel afloat. In about six weeks she will be ready for 
pa on idee and checdieiaee ae © i aan atin eels 

nsion the same eve! ere simi of india-ra ly rise e extent of 2s. on » but on . 

Sot kad Geos pulled aah, what would take place? Why, | Friday prices got up with rapid strides to the extent of |; The ee eetee kh keel, So eine ee 
the flat faces of considerable area, being comparatively | 3s. 6d. per ton, closing at 64s., being a rise of 6s. stensti os buil 5 od concl M. cand 
weak to resist the interior pressure, would be balged out, | over the week. Business ily improved from 61s. 6d. Willian, ‘Areol and rege nom, npn a a 
and the vessel would contract considerably in the long|to 63s. 3d. cash in the forenoon, and from 63s. to ly of the Brea | ped, M oom oi ne 
directions, increasing in thickness. This is just what| 64s. in the afternoon, closing sellers at 64s. and buyers Bee Sh pod ee Lange — > in Sore wy 
takes place with the iron in the first instance. But when | at 63s. 9d. cash. In addition to excitement, there was a| frther wee’? tailed lige ad henarth tnd own 
the cooling has made further progress, and the solidified | marked degree of unsteadiness in the market on Monday, a Ss Se Gane Come. 
skin has become comparatively thick and strong, the | batat the close there was still a further rise of 2s. 6d. per 


further cooling of the interior tends to make it contract. 


But this it cannot well do, being encased in a strong hide, 


and accordingly the interior tends to be left in a porous 
condition.” 

The reduction by scaling does not require explana- 
tion. The only fact which appears unaccounted for is this 


persistent contraction of the cooled iron skin, which does 
not appear to be explicable on any mechanical grounds, and 
we are, therefore, obliged to look upon it as the result of a 
change in the distance of the molecules of the iron, caus 
by the sudden change of temperature in the successive 


coolings. 

That other metals are affected differently will be seen by 
referring to Experiment 5c, where copper rods are shown 
to exhibit a slight expansion when suddenly cooled in 
water, no change being apparent when cooled in air; while 
cast iron (see Experiment 5p) appears to expand slightly 
whether cooled suddenly in water or Petre 4 in air; in 
fact, the ual growth of cast iron, as exhibited in blast 
furnace stove-pipes, where the iron is alternately in a high 
= of heat, and then gradually cooled, is very well 

own. - 


Experiment No. 5 c.—Cast copper rods, lin. square by 
2 ~ long, heated to redness then cooled, No. 1 in water, 
o. 2 in air. 














No. 1. No. 2. 
Cooled suddenly in | Cooled gradually in 
Water. Air. 
en ai J 
“| le 
| ss _ | 34 
Expansion. : 4 Expansion. 3 i 
°" 2" 
Ee Es 
After 1st cooling} No ch No change 
” 2nd ” Very slig’ t ” 
‘ - Oisin. | .135 . 














Experiment No. 5p.—Cast iron bars, 1} in. square by 
30.13 in. long, heated to a dull red. 














Cooled suddenly in | Cooled gradually 
Water. in Air. 
Percentage Percentage 
Expan- on Expan-| on 
sion. | Original | sion. | Original 
Length. Length. 
in. in. 
After 1st cooling} .03 10 .02 06 
” ” one eee 04 . 13 

















Experiment No. 5x. Steel tyre, 5in. by 1.5 in. section 
5 in. outside circumference, heated to dull red and 














then cooled entirely in water. 
Percen’ of 
— Contraction. origi 
Circumference. 
After 1st cooling ... -125 in. 14 
(To be continued.) 








NOTES FROM THE NORTH. 
j Giascow, Wednesday. 
Glasgow Pig-Iron Market.—The warrant market was 
again very strong and excited last Thursday, and there was 
& pretty steady advance in prices, business closing at the 
hest point 2s. over that of the previous day. Prices were 
got up to 60s. 6d., making an advance from the 1st of August 
of 20s. per ton, or 50 per cent. of a rise in the two months. 
It is now fully three years and eight months since pig iron 
stood at 60s. per ton—February 1876—and it took three 
years and six months to fall to 40s. 6d. In 1861, when 
iron was at 47s, 6d., the lowest price touched for many 
years, it took 2} years to get up to 60s. The smart- 
ness of the advance on the present occasion was only 
in the panic of 1872, when prices mounted up 
from 97s. to 122s., or 25s.ina month. Business was done on 
bie forenoon at from 59s. 3d. to 59s. 9d. cash, and 60s. 
elg 


ed | closing 2s. 6d. under Monda: 





, Dapens at 59s. 9d. cash, and-60s. four- 
pay sy alr iid. per ton:more. In the afternoon 


cash was paid, the market 


ton. Business opened at 67s. 6d., which was an advance of 
3s. 6d. per ton, and then there was animprovement of another 
6d. Subsequently a smart fall to 66s. a took place, 
which was followed by a recovery to 67s. 3d., at which the 





NOTES FROM THE SOUTH-WEST. 
Pita — ra chet vs ay ry eee 
nsive n re 
Siemens’ Steel Works have lain conaguntively idle. The 


forenoon market closed with buyers over. Prices went up 

inthe afternoon to 67s. 9d., and afterwards declined to | working classes of the district are now cheered by the 
66s. 1}d., but closing a shade firmer, buyers being at | know that a body of gentlemen including Dr. Siemens, 
66s. 6d. cash, and sellers 3d. per ton higher. Yesterday’s | Messrs. Cory, Yeo, and Co., Messrs. Poingdestre and 


prices a smart decline, 
1 8 closing price, and 4s. under 
the highest price yet touched. Business opened at 66s. 9d. 
cash, being 3d. over buyers’ closing price on the previous 
day, but the price came down with a bound to 63s. 6d. 
Buyers then came in, and prices rose to 65s.; but sellers 
were abundant, and the price returned to 64s., at which 
sellers closed, with buyers at 63s. 9d. Prices varied in the 
afternoon between 63s. 9d. and 64s. 9d., and closed at 64s. 
The final quotations were—sellers 64s., and buyers 63s. 9d. 
These latter prices were the same as the closing figures of 
last week. e market was very flat this forenoon, when 
business was done at from 63s. 7$d. to 61s. 6d. cash, closing 
with sellers at 62s. 6d. cash, buyers offering 62s. 3d. The 
afternoon market was strong, and business was done at 
62s. 3d. to 62s. 4d. cash; and at the close there were 
buyers at the higher rates, sellers asking 1}d. more. The 
amount of iron held by outsiders has increased very con- 
siderably since the excitement began, and it is said that 
about 20,000 tons of pig iron are under orders for shipment 
to New York, most of which was bought at prices ranging 
from 50s. to 58s. per ton. It will be six weeks before the 
last of these purchases can be shipped. In addition to the 
Anchor and State liners, four special steamers are under 


market was less active, and 


charter to take iron alone, and as high as 10s. per ton of 
freight is bein id, w 5s. was accep’ about a 
month ago, and consignments were taken for nothing as 


ballast only three months since. The cause of the great 
fluctuations which took place yesterday is said to be the 
fact that a few holders who had bought at low prices took 
the opportunity of the big rise, consequent upon the influx 
of American orders, and sold their warrants. This tended 
to lower prices and frighten holders who had purchased 
within the last few days. They threw their stock 7 the 
market, bringing down the prices witha run. It is be- 
lieved, however, on many ds that this reaction will 
only be of a tem: character, and that prices will soon 
reach 70s. per ton. There has been a rise of 50 
per cent., even with the decline that i 
week. Shipments are — » bei 

week as compared with 10,160 tons in the same 
year ; and it is expected that for a number of weeks to 
come they will amount to from 18,000 to 20,000 tons per 
week, or considerably more than the total make, assuming 
eighty furnaces to be in blast. There are now sixty-nine 
in operation, as against ninety at this time last year. Two 
furnaces were blown in last week. The deliveries of pi 
iron into store continue to be very heavy; and the to’ 
stock with Messrs. Connal and Co. up till last Friday night 
amounted to 319,754 tons, showing an increase for 
week of 7327 tons. 


last | 02 foot to secure an extension 


Mesnier, Mr. G. B. Strick, and Messrs. James Strick and 
have determined to utilise the extensive blast fur- 


» have 
naces and coke ovens at the works for the purpose of re- 
duci large yay of iron ore, which they intend 
importing d from Spain and Algiers to Swansea. A 

deal of pig iron so produced will be used by the 

ore Steel Com: for conversion into steel rails and 
armour plating. chief orders now being executed at 
the works are those for the higher kind of armour plates for 
Government cruisers. Powerful shears and other machinery 
have been lately added to steel works. 


The Tin-Plate Workers.—At a numerously attended 
meeting of the Tin-Plate Workers’ Association, held at 
Swansea on Saturday, it was resolved to establish branches 
of the union at each of the works represented. The dele- 
pie reported that the masters men were satisfac- 
a a co-operating together to secure a restriction of the 

@. 


Testing the Severn Bridge.—On Friday the interesting 
aos of testing the Severn —_ took place under the 
irection of Colonel Rich, the Government ins r. 
ight engines of the company were employed, besides the 
oon carriage of the company and a secondone. Colonel 
Rich over the bridge from the Sharpness side, and 
made the return ng in company with Mr. G. W.Keeling, 
the i ; Reichenbach, the residen' 


a t eer ; 
and Mr Earle, the contractors’ manager. The trial was 
satisfactory. 


Iron Shipments from Cardif.—The shipments of iron 
from Candi lash weak were Ses to Lisbon, 1080 tons, 
by the Rhymney Iron Com: ; bars to Malta, 400 tons ; 
Lisbon, 11 tons, both by the Liynvi Iron Company ; to 
Alexandria, 66 tons, and to Lisbon, 84 tons, both by the 
Dowlais Iron Com ; sheets 140 tons to Amsterdam, 
by Messrs. Booker and Go. ; hoop iron to Malta, 200 tons, 
by the London Tin-Plate Company; total, 1981 tons, or 
less by 1879 tons than in the previous week. 

Railway Extension in Cardiganshire.—A movement is 
the proposed A twith 
and Aberayrow Railway as far as New Quay. The distance 
to the latter place from Aberayrow along a well- 
route would be but 4¢ miles, and it is computed that the 
cost would not exceed 20001. per mile. 

Bristol Port and Channel Dock.—The half-yearly meet- 
ing of the Bristol Port and Channel Dock Company was 
held at Bristol on Monday, Mr. C. Nash in the chair. The 
chairman said the increase in the trade of the dock had 
been steady, and latterly it has been very rapid. In 1878 
the trade was double that of 1877, and so far as 1879 had 


Eaports of Iron to the United States.—During the ne the tonnage was likely to be more than double that of 
month over 2875 tons of pig iron were shipped from Glas- | 1878, for during the nine months which had elapsed of the 
rts, these being New York, present year, the tonnage had been 72 per cent. more than 


= for United States ; 
ston, Baltimore, and Philadelphia; and in the same 

riod 2914 tons of old rails, wagon wheels, &c., includ- 
ing 121 tons old railway oe steel and 357 old 
steel tyres, making altogether a despatch of 5789 tons in 
the month for the sbove-named ports. One ship for Boston 
lately took on board 1400 tons of pig iron. ere is said 
to be a great demand just now for worn-out railway 
material for projected American lines, which, entering the 
States duty free, is cheaply furbished up and made good 
as new. 

Dismissal ¢ i British Railway Workmen.—On 
Saturday last Mr. Drummond, the locomotive superinten- 


dent of the North British Railway, paid off 160 workmen | h 


at St. Margaret’s Works, a and 100 at Cowlairs 
Locomotive Works, Glasgow. In addition to this de- 
crease in the number of working hands it has been found 
necessary to allow the men, still retained to work, only five 
days per week, so that for some time to come labour will 
be practically suspended in the locomotive shops on Satar- 
days. The piece system of working has been very ly 
adopted in locomotive works, the result being that the 
co! find that they can now get about as much done 
in five ys by piecework as would have been done in six 
days under the former plan of paying day 8. At 
Burntisland, where the staff cannot be well reduced, owing 
to the exigencies of the f traffic, the men have been 
ut on five days a week, Saturday being the idle day. 
ilie Cranston, Edinburgh, at the requ ’ ' 
the men thrown out of employment, has been interceding 
on their behalf with Treasurer Harrison, one of the direc- 
tors of the North British Railway Company, and the result 
is that there isa prospect of some of the old hands being 
taken on again. 

The Largest Steel Vesssl in the World.—The Allan Line 
steamer, a vessel of 4000 tons. which mee leing course 
of construction in the yard of Messrs. Denny and Brothers, 
Dumbarton, and formerly spoken of with some detail in 


of a number of t 





in the whole of 1878. Another point which he thought 
woiny toa dock’ Ya INT ik sean Seammpe sae 
using the dock. a was a 

850, in 1878 it was 940, and in 1879 it was about 1050, so 
that something like 100 tons had been added to the average 


qanloel od ales chun Gar Sale care beeen 
arrived at a w co 8a: av 

ton of dpsed enteri > heme was ‘in 
any other port in the kingdom, not even don 


eee: dl . 
Liverpool, or the Clyde. Although the shareholders might 


not get a very large divi for some time to come, he 
thought they might look forward to a Sey and rapid in- 
future was very 


Newport.—During the week a number of 
steamers entered the . Of iron ore, however, only 
, as 
f 


crease in the value of their property. 
opeful. 


1287 tons came to ha t+ 13,359 tons in the pre- 
vious week. The o 8 from Riga on account 
of Messrs. Birt, Boulton, and Co. camein. Considerable 

uantities of iron are in the market, chiefly for the United 

tates. In the course of the present week the steamers 
Lampertz and Lynhope, 3000 tons each, are to 
load Nantyglo coal, the former for Genoa and the latter 
for Lisbon. steamers, on Atlantic voyages, con- 
tinue to come here for bunker coal, the facilities and cheap- 
ness being such as to induce . ero for this port. 
the amie Foe voy > Thalian 

c or , 

of iron shipped rvthag oe: fone was 1670 tons. 








Herrmann’s Matt Kitn Fioors.—In our reference 
to Hermann’s malt kiln floors in the course of our article 
last week on the Brewers’ Exhibition at Islington, by « 
t hical error the spaces between the wires forming 
the are stated to be 5 in. wide, instead of 7; in. The 
diameter of wire used is } 
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THE PHYSICAL ALTERATION OF 
METALS. 

At the meeting of the American Association for 
the Advancement of Science which has recently 
been held at Saratoga an announcement was made 
by Mr. Thomas Alva Edison of a discovery made by 
him, which, from its interesting nature and the 
probable value of its application, is quite equal to, 
if it does not surpass, the many discoveries and 
inventions that he has already given to the world. 
The public, more especially that portion of it inter- 
ested in the development of the electric light, have 
for some months been expecting great things from 
Mr. Edison, as it has been a matter prfectly well 
known that he has throughout the whole of this 
year been devoting himself to the solution of the 
great problem of the day—the application of elec- 
tricity to economical illumination—and Mr. Edison 
and his accomplished work are too well known for 
much doubt to exist as to important results accruing 
from a research to which he was with all his excep- 
tional resources directing so much attention. 

When it was announced a few months ago that 
Mr. Edison was experimenting with an alloy of 
iridium and platinum, and with each metal separately, 
for the production of the light-giving portion of an 
incandescence electric lamp, it was with considerable 
truth surmised that the former metal was too diffi- 
cult to obtain in the first instance, and too refractory 
to work in the next, and the latter substance, besides 
being difficult to get, was too liable to destruction 
by fusion to render very promising the practical 
and commercial success on any extended scale of 
the employment of those metals in the then known 
distribution of them, and with their then understood 
ae character. Mr. Edison, so far from being 

lind to these difficulties, which would have been 
stumbling-blocks to less energetic investigators, set 
himself to search for fresh and more plentiful sources 
of supply of these precious metals by which they 





would become less precious, and at the same time to 
prosecute a research into the phenomena taking 
place when these metals were rendered incandescent 
under different physical conditions. If report 
from the other side of the Atlantic speak the truth, 
the search which Mr. Edison set on foot for new 
sources of supply has met with very considerable 
success, and oP the successful results of his own ex- 
riments on the physical aspect of the question no 
farther proof is needed than his very remarkable 
and interesting paper which was read before the 
American Association, and which must give to the 
Saratoga meeting a special historical feature. 

Observing that a platinum wire heated to incan- 
descence in a hydrogen flame gave to the latter a 
greenish tinge, at the same time losing its own 
weight, Mr. Edison made some careful quantitative 
measurements to ascertain the nature and extent of 
the loss sustained by the platinum. He took a bundle 
of platinum wire four-thousandths of an inch in 
diameter, and suspended it in a hydrogen flame. 
Before the experiment the platinum weighed 
306 milligrammes (about 4} grains), and during its 
period of incandescence it lost weight at the rate of 
about one milligramme (.015 grain) per hour. Mr. 
Edison also noticed that a platinum wire within a 
hydrogen flame produced upon that flame different 
effects when deriving its temperature of incandescence 
solely from the flame itself, and when superheated 
from an external source ; thus a platinum wire glow- 
ing with incandescence within a hydrogen flame by 
which it was heated, imparted to it a pale green 
colour, but when a current of electricity was 
through it so as to heat it above the temperature of 
the flame, the latter assumed a much deeper tone of 
green, and it would seem from this that the depth of 
colour is in some way connected with the amount 
of platinum being thrown off per unit of time, in 
other words, with the rate at which it is losing its 
weight under the conditions in which it is placed. 
In one experiment a platinum wire weighing 343 
milligrammes (nearly 5.3 grains) was maintained 
for nine hours in an incandescent state, at the end 
of pee time it was — to have rs no “ a 
42 milligrammes in weight (.65 grains); and when 
a spiral $ in. in diameter and 4in. in be en com- 
posed of fine platinum wire was encl within a 
small glass shade and maintained in a state of in- 
candescence for twenty minutes by the passage 
through it of an electric current, it was found that 
the inner surface of the glass shade became slightly 
coated with metallic platinum, and that after five 
hours of such treatment the deposit became so thick 
as to be perfectly opaque to the light emitted 
by the incandescent spiral, and Mr. Edison states 
his conviction that by a process founded on this 
phenomenon, large plates of glass might be coated 
with pure metallic platinum as reflecting surfaces 
with great economy by placing between them a sheet 
of platinum rendered incandescent by the _—- 
through it of an electric current. Mr. Edison’s 
explanation of the physical cause of this pheno- 
menon is very interesting, and we cannot do better 
than present it to our readers in Mr. Edison’s 
own words. ‘‘ From this and other experiments,” he 
says, ‘‘I became convinced that this effect was due 
to the wasting action of the air upon the spiral; 
that the loss of weight in and the coloration of the 
hydrogen flame were also due to the wearing away 
of the surface of the platinum by the attrition pro- 
duced by the impact of the stream of gases upon the 
highly incandescent surface, and not to volatilisa isation 
as commonly understood.” And the author in his 
paper goes on to describe a series of experiments in 
support of this theory, in which no such wearing 
away or diminution of weight was produced when 
the spiral was enclosed in a bulb which was ex- 
hausted by means of a Sprengel pump to such a 
degree that the discharge spark from an induction 
coil would not strike across a distance of one milli- 
metre ; in this experiment the spiral was maintained 
at the most dazzling incandescence for several hours 
without the slightest deposit being formed upon the 
surface of the glass envelope. 

It is very interesting in turning over the pages of 
the history of the progress of science during the 
last half century to observe the different aspects 
with which different philosophers at different periods 
regarded certain facts of science, certain substances, 
and certain phenomena connected with them, how 
in their different views they seemed to arrive at 
different results beer mn yee of — A 
vestigators i e subject from differen 
directions aie t be recorded, and the great one- 
ness and harmony of nature asserted itself in the 





human mind, things the most apparently opposite 
united their forces to support the truth, proving 
only that the conditions were the only agents in 
opposition, that the different positions assigned to 
the same phenomena by different observers were 
the result of a sort of mental parallax, and that Na- 
ture could not in these or anything else be divided 
against herself. Want of space will not permit us 
in this place to enter into the researches which bear 
more or less upon Mr, Edison’s recent discoveries 
made by previous investigators, but the names of 
Déobereiner, of St. Claire Deville, of Troost, of Fara- 
day, and of Graham, will recall a multitude of re- 
searches bearing on the occlusion and dispersion of 
hydrogen gas by certain metallic substances, more 
especially platinum, palladium, iridium, and certain 
other of the tetrad metals, under various physical 
conditions. It was found by Professor Graham 
that platinum, whether in the form of wire or of 
foil, is capable of absorbing when at a low red heat 
nearly four times its volume of hydrogen (measured 
culd), and that palladium foil condenses more than six 
hundred times its volume of hydrogen at a tempera- 
ture below that of boiling water, and that in the 
spongy state platinum absorbs 1} times its volume of 
hydrogen, and palladium nearly one hundred times.* 

us hydrogen so occluded at comparatively low tem- 
peratures, and at ordinary pressures, is driven out 
again, when the metal which has absorbed it is sub- 
jected to the action of heat and to a diminution of 
pressure, and Mr. Crookes in some of his beautiful 
experiments has taken advantage of these phenomena 
for varying the internal pressure within his exhausted 
vessels without having to use the Sprengel exhauster. 
The facts recorded by Mr. Edison of the diminution 
of weight in metallic wires when rendered incandes- 
cent at ordinary pressures are enhanced in interest by 
comparing them with the researches of the pioneers 
in the science of the subject to whom we have 
alluded; and the modification of the phenomena when 
atmospheric pressure is removed, and when the same 
experiments are conducted in high vacua taken in 
conjunction with Mr. Edison’s explanation of it, adds 
very great interest to the recent researches of Mr. 
Crookesupon radiant matter, for while the last-named 
investigator hasshown how, by the impact of gaseous 
molecules upon the vanes of a mill, mechanical mo- 
tion may be im to them, and by the concentra- 
tion of the streams of such molecules upon a small 
area the most intense heat may be produced, Mr. 
Edison has shown that these molecules, infinitesi- 
mally minute as they are, are so thoroughly material 
in nature that their friction on the surface of the 
heated platinum is sufficient to rub away its sub- 
stance, transporting its particles to another place in 
a manner analogous to the action of the very in- 
teresting sand-blast process of Mr. Tighlman, for 
the cutting and engraving of stone, glass, and other 
hard substances. 

From these experiments, which form the subject 
of the first part of his paper, Mr. Edison was led to 
undertake a minute examination of the structure of 
the substance of wires of platinum and other metals 
before and after being subjected to incandescence. 
In the course of this examination he found that the 
effect of incandescence upon wires experimented 
upon was to produce all over their surface innumer- 
able cracks, and when the incandescence was main- 
tained for twenty minutes these fissures became so 
enlarged as to be visible to the naked eye, and when 
still further continued for several hours the cracks 
united and the wire fell to pieces, and Mr. Edison 
points out that a somewhat similar phenomenon had 
been noticed by Professor Draper in platinum plates 
which had for a long time been subjected to the action 
of flame. A number of nope made by Mr, 
Edison have led him to conclusion that this 
cracking up of the surface of the metal is due 
entirely to the occluded gases imprisoned within its 
mechanical and physical pores becoming expanded 
and driven out under the action of heat, these gases 
first separating the molecules of the metal, then 
tearing their way through it to the surface, and es- 
caping by the cracks and fissures so produced, a sort 
of microscopical volcanic action going on within the 
metal, producing miniature ‘ earthquakes” and 
fissures on its surface out of which the heated 
gases are emitted. By heating spirals of platinum 
wire gradually by means of a transmitted electric 
current of periodical increasing strength, and within 
a chamber exhausted to a pressure of two milli- 
metres, the gaseous bodies contained within their sub- 
stance were gently withdrawn ; and, by allowing the 
metal in the interval, between each increase of 

* Philosophical Transactions, 1866. 
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piaie wea to cool down, a series of expirations of 
air from its surface took place alternating with a 
closing up and welding again together of the mi- 
nute Pa through which the gentle heating in 
vacuo had enabled the gases to escape. The pores 
of the metal thus became converted into an infinite 
number of what might be called molecular valves 
opening outwards whenever subjected to the gaseous 
ressure from within caused by the action of heat, 
but closing and welding up again with increased 
eee | at each alternate ag Om By continu- 
ing this very simple operation . Edison has 
been able so completely to change the physical 
character of the metals subjected to the process, 
that he may almost be said to have produced new 
substances altogether, for he has done what is almost 
the same thing, he has produced metals in a state 
such as has never been known before, increasing 
their hardness and density to an extraordinary de- 
gree and raising their points of fusionso high that pen d 
are perfectly unaffected in temperatures at whic 
most substances would be melted or consumed and 
very many would be volatilised. Most persons are 
aware that when a spiral of platinum wire is heated 
to a bright incandescence it softens and loses its 
elastic or rigid character, but it has been reserved 
for Mr. Edison to discover that when the same 
spiral is subjected to this alternate gradual heating 
and cooling in an exhausted chamber it becomes as 
homogeneous as glass and as rigid as steel, and its 
melting point is so enormously raised that a fine 
spiral so treated is, at a temperature at which it is 
glowing with an incandescence of dazzling brilliancy, 
as springy and elastic as when cold, and cannot be 
annealed by any known process. 

The great value of Mr. Edison’s discovery, as far 
as the electric light is concerned, lies in the power 
which it places in the hands of the metallurgist of 
raising the fusion point of platinum and of other 
metals beyond the reach of destruction by the trans- 
mission of the electric current, and if we understand 
Mr. Edison’s experiments correctly, it is almost im- 

asible to overrate the value of their results to the 
Rerelopment of the science of electric illumination 
and more immediately to that branch of the subject 
which deals with lighting by incandescence. ‘The 
hitherto insurmountable difficulty in the way of 
illumination by incandescence has been the low 
fusion point of those metals which can be obtained 
commercially, and when obtained which’can be 
worked, and our readers will remember that a few 
months * Mr. Edison included in a patent a 
large <8 of most ingenious devices for protect- 
ing a platinum spiral from destruction by its own 
incandescence, and there have been devices suggested 
and patents applied for, almost without number, for 
bringing about the same result. ‘The fact, however, 
remained that platinum in its normal conditionis when 
sufficiently incandescent to be useful for illumination 

urposes ina highly delicate state of unstable equili- 
Case. a delicately poised balance, so to speak, be- 
tween extinction from cooling on the one hand, and 
destruction from fusion on the other, and none of 
the very pretty protectors, so far as we have been 
able to learn, have been found to work satisfactorily 
in practice. Recourse was next had to using a sub- 
stance possessing a still higher fusion point, and this 
was found in the metal iridium, but this is both 
difficult to get, and, therefore, very costly, and 
still more difficult to work into wire. Mr, Edison 
has, however, met with some considerable suc- 
cess, as have the Anglo-American Electric Light 
py wr in the employment of an alloy of platinum 
with iridium, an alloy which combines, to a certain 
degree, the refractibility of the one metal with the 
malleability of the other ; and, as such, gave some- 
what promising results, but for the reason stated 
above, it could hardly have come into very general 
sgatiassiee. Here then comes in the great value of 

. Edison’s new discovery, for he can, ing 
incandescently (and by that we do not mean talking 
the language of a red-hot republican, but speaking 
from the point of view of the requirements of in- 
candescence), make a spiral in. »latinum and convert 
it when so made into iridium, or more correctly 

aking, he can make his light-giving portion of 
platinum, which is easily drawn and manipulated, 


and when so made he can confer upon it a fusion | pest 


point higher than the purest iridium, and without 
— of fusing it or of affecting its rigidity. 
. Edison has cas a renee by his process 
of platinum wire which could be raised b 
passage of the electric current to such a hig 
temperature without fusion, that their incandescence 





gave out a light of 25 standard candles, while the 
same coils not treated by the gave a maxi- 
mum light of but four candles at their point of 
destruction by fusion. One spiral which had been 
submitted to the vacuum heating process more 
gradually, and for a longer period, produced a light 
of thirty candles, and the surface of all the wires so 
treated was in all cases free from roughnesses or 
cracks of any kind, presenting a brilliantly polished 
surface ; they were as hard as the steel used for 
pianoforte wires, and by no process could they be 
annealed. 

When we state that by preparing spirals in a 
Sprengel vacuum very slowly, and allowing a great 
many alternate heatings and coolings to take place, 
Mr, Edison has produced a light-giving body, whose 
total radiating surface is only ;;in., which emits 
a light of eight standard candles, and that without 
the treatment the same spiral could hardly have 
ot ope one candle’s light without fusion, and that 

e has thereby been enabled to produce eight lights, 
each of 16-candle power, or 128 candles in all, by the 
expenditure of less than one horse power, we have, 
we think, said enough to show the great importance 
of Mr. Edison’s discovery to the single application 
of electric lighting, and it would be unreasonable to 
suppose that it has not still wider and more important 
applications. We shall on an early occasion refer 
again to this interesting subject, and to its probable 
bearing upon other branches of the science of illumi- 
nation by electricity. 


STEEL RAILS. 

WE publish elsewhere in the present issue (vide 
page 292) a letter from Mr. C, p. Sandberg, on a 
subject which is of particular interest just now, 
when there is some prospect of a revival in our steel 
trade, and when every item of saving in the cost of 
manufacture of steel rails has a special importance. 
The object of Mr. Sandberg’s letter is to direct 
attention to the injury which steel rails now not 
unfrequently receive in the process of straightening 
cold, and to suggest a remedy in the shape of an 
arrangement of rolls by which rails are straightened 
while hot as they leave the saw, this plan having 
already been brought into use in America with very 
satisfactory results, It must be understood that 
Mr. Sandberg’s remarks refer particularly to flange 
rails—rails of the double-headed or bull-headed 
sections being much less liable to injury from the 
ordinary process of straightening. 

There can be no doubt that as fir, Sandberg points 
out, fractures of steel rails sometimes occur which 
can Only be explained by the supposition that the 
metal has received local injury, and the suggestion 
that such injuries are largely due to mal-treatment 
during the cold straightening process is a very 

lausible one. There can also be no doubt that it 
is the occurrence of such fractures as have just been 
referred to thathas had an importantinfluence in lead- 
ing engineers to increase the severity of their tests, 
until it has been rendered impossible for these tests 
to be satisfied without using a steel which is softer 
than is desirable as far as the power of resisting 
wear and tear is concerned, If, therefore, a cause 
of local injuries can be removed, a direct benefit will 
be obtained not only by the rail maker, but also by 
the rail user, who will be enabled to frame his 
specification so as to obtain harder rails than he feels 
justified in using under present conditions. 

Altogether the subject is, as we have said, one of 
much importance, and we are glad that Mr. Sand- 
berg has drawn attention to it. No doubt there are 
many of our readers who have had special experience 
in the matter referred to, and we shall be gladto make 

ublic any facts which they may be able to lay 
Ease us. The time has, also, we think, arrived 
when the subject of the best standard tests for rails 
of different weights and sections might be discussed 
with advantage. The tests now prescribed by dif- 
ferent engineers, differ greatly in severity, and it 
would be of much interest to know how far these 
different tests are justified by the results obtained. 
On the one hand an insufficiently severe test may 
lead to the passing of rails of defective quality, 
while on the other, an unduly severe test tends to 
the supply of rails which are too soft to give the 
results as regards wear, and, moreover, unneces- 
sarily increases the first cost. Steel rails have now 
been sufficiently long in use for a great number of 
facts to have been collected respecting the endurance 
and trustworthiness of rails made under systems of 
testing, and those who are in ion of such 








mag or that real can be insured, and 
or this reason we have much pleasure in 
throwing our columns open to the publication of 
such data as we have referred to. 





LOCOMOTIVE CRANK AXLES. 
On THE CorRECT SHAPE AND DIMENSIONS OF THE 
Crank Arms In Locomotive Crank AXLES, 
By J.J. Brecker, — 

Tuat crankaxles are made to be broken is a dictum 
which will hold good, as long as the inside cylinder 
engine with its undoubted advantages finds an ad- 
vocate. Yet if cheapness of material and economy 
of labour in the process of manufacture have made 
the renewal of crank axles a matter of comparatively 
little moment, this is no reason why we should not 
endeavour to ascertain whether some neglected point 
in the proportions of such axles does not, in a great 
measure, account for their liability to fracture, and 
if we detect such a fault to remedy it accordingly. 

It is well known that these fractures occur most 
frequently in the neck of the crank, and sometimes 
rng through the neck and partly through the arm ; 

th cases are illustrated by the accompanying 
sketches, Figs. 1 and 2 ow opposite page) and the 
author has it on the authority of one of the oldest 
locomotive engineers of the United Kingdom, that 
a partial fracture takes place first, after which the 

e continues to do duty very often for a consider- 
able time without any apparent increase of frac- 
ture before being Hnally disabled. A curious 
phenomenon like this demands a rational explana- 
tion, and this explanation can be none other but 
the following, namely, that the axle has established 
for itself, by this partial fracture, the conditions 
of flexibility which it requires 10 possess, in order to 
live and to do its work, 

The author believes that the main point on which 
are based his recent researches on slide bars (see 
ENGINEERING, page 95 ante) will enable him to show 
that without aconsiderableamount of flexibility in the 
crank arms the axle is hopelessly doomed to break. 

It has been shown in the paper on slide bars just 
referred to, that the shock to the bars due to the 
lateral displacement of the wheels corresponds to a 
pressure equal at least to double the weight of the 
wheels and axle with all the parts that move side- 
ways along with them, that shock being communi- 
cated to the bars by means of the connecting rod. 

It follows, by Newton’s principle, that the axle 
meets with an equal resistance to its lateral displace- 


ment, andas the mass “ (w being the weight of 


the wheels and ‘axle Sith all the parts moving 
along with them laterally) has acquired its lateral 
momentum prior to the shock 2 w taking place, 
and as that momentum can only be destroyed 
by lateral displacement, it follows that unless the 
crank arms can yield by their own structural flexi- 
bility, some molecular disruption must take place to 
permit of this lateral displacement, 

If, for instance, in the accompanying Figs. 3 and 5, 
we assume the retarding force 2 w to act in the di- 
rection of the arrow in the centre line of the neck of 
the crank, the part of the moving mass lying to the 
left of it will, by virtue of its acquired momentum, 
move in the opposite direction, and if x w be the 
a of that portion, » its initial velocity of lateral 
== a and », that velocity after the shock, we 

ve 


2w exp 2” (v2—v,2) » ‘ (1) 


e being the space through which the retarding force 
2 w has been acting, or in other words, the space 
through which the portion 2 w has been able to 
move relatively to the portion lying to the right of 
the crank, either by the structural flexibility of the 
arms, or by the accidental flexibility due to partial 


From equation (1) above we make 
=> (v? —v;?) . . . (2) 


and as (oti) is to our certain knowledge, 
quantity having a real, though unknown value, we 
know also that ¢ has a real though unknown value, 
or more precisely, we know that the crank-fork 
must have opened by a certain amount, either 
through the structural flexibility of the arms, or 
through partial molecular disruption in or near the 
neck of the crank, and to avoid this latter con- 
tingency the arms ought to be made as flexible as 


Pana the consideration of the strains on 
w to the consi n es 0! 
bserved 








* See ENGINaERING, vol, xxvii., page 160, 


facts would do great good by making them public, 
It is indeed only by the interchange of cub ex- 


Passing no 
the body of a crank axle, it is to be o 
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‘that it is subjected, lst, to tensile and compressive 
strains due to moments of flexion ; 2nd, to shearing 
strains due to the direct action of the load and of 
the steam ; 3rd, to torsional strains due to the action 
of the steam pressure through the connecting rod, 
these latter being in their nature similar to shearing 
strains, 

The common English practice is to add the shear- 
ing strains to the tensile strains, and the experiments 
of the late Mr. Roberts, as well asa series of ex- 
periments recorded by General Morin in his work 
‘¢On Resistance of Materials,” show that the re- 
sistance of iron to shearing is equal to its resistance 
to extension. Monsieur de Saint-Venant, however, 
in his edition of Navier’s works, states that the re- 
sistance of iron to shearing is equal to four-fifths only 
that to extension, and he demonstrates, moreover, 
that if a be the area of a bar capable of resisting to 
a given tensile strain, and a, the area required by a 


Fy. 2. 
“"""\ Broken round the wside corner of 
| Left Gank, the neck brealang out 
«| -of- the web 








of the crank, r the half diameter of the axle, and p 
the vertical component of the cylinder pressure, we 
get 





P 4 L-l wil 

a +) Se ——— 1+ —— 

sa oh+ Salen EE) S]+ 
—l, 2PR 3 
: er me 9A 


which for r =3.25 in.; W=10 tons; /,=6.5 in.; 
4=16.25 in.; R=10in.; L=59in.; the cylinders 
16in, in diameter, and the pressure ten atmospheres, 
makes S=5 tons per square inch. 

It should here at once be observed that in con- 
sequence of the usual method of fitting axle-boxes 
into their guide blocks, the axle should be considered 
as resting loosely on its supports, in respect of 
vertical moments, and as being firmly fixed or encastré 
in respect of horizontal moments. 

In the case of the French axle, Figs, 3 and 4, with 
inside and outside bearings, we must make W,+W, 


safety, especially if it be remembered that axles 
are made of a very good quality of steel. Now the 
crank arms have to sustain, when in the vertical 
position, the strain due’: 

1. To the bending moment of the live load, the 
bending moment of the shock 2 #, and the bending 
moment of the vertical component of the cylinder 
pressure, all of which have a tendency to bend the 
arms in the direction of their thickness; we shall 
call these = M. 

2. To the bending moment of the cylinder pres- 
sure, which has a tendency to bead them in the 
direction of their breadth ; we shall call it M,. 

3. To the extension pull due to the vertical com- 
ponent of the cylinder pressure, and to the shearin 
strains due to the cylinder pressure and to the shoc 
2w; we shall call these > Q, 

In this case, therefore, if ) and ¢ be the breadth 





and the thickness of the arms, we shall have : 























































































































bar to be able to resist to a given shearing strain, 
— —_ area required to resist to both these strains 
e 


A=jat+A (Fa)? +a)?. 

If, for instance, the shearing strain be equal to 
one-half the tensile strain, we get, in accordance 
with the above relation, A=1.26 a, instead of 1.5 a; 
or if the shearing strain be equal in amount to the 
tensile strain, we get A=1.775 a, instead of 2 a, as 
common practice would make it. For the case of 
locomotive axles the sum of shearing and torsional 
strains does not exceed the tensile strain due to 
bending moments; and consequently if in the 
following inquiry we proceed on the assumption 
that tensile strains and shearing strains ought to be 
added, we shall, according to Monsieur de Saint- 
Venant, arrive at stronger dimensions than are 
actually needed in practice. 

Proceeding, therefore, on this basis it will be 
found that the axle bears its maximum unit strain 
when the crank is in the vertical position, either up- 
wards or downwards, according as it is provided 
with inside or outside bearings; in that position its 
fibres are subjected to the strain due, Ist, to the 
bending moment of the live load, and to the bending 
moment of the vertical component of the cylinder 
pressure; 2nd, to the moment of torsion ; 3rd, to 
the shearing strain of the cylinder P omer ang 

Tig. 5, therefore, if W be 


In the case of the axle, 
the live load, P the cylinder presssure, R the radius 


Be 




















=} W, and increase the shearing strain by the 
amount W, ; here therefore we get 





~P+Ws, 4 L—1 8 

g= = 2% +2[ ot (A )+m Wes ]+ 
L—l, 2PE 
L; ‘Tr 


which for r=9.5 centimetres ; W,=5250 kilos,; W 
=1000 kilos. ; /.=192.5 cent. ; /,=28 cent.; /=64. 
cent.; L=205.2 cent.; L,=149.2 cent.; 4=36.6 
cent.; R=30.5 cent.; makes S=585 kilos. per 
square centimetre=3.8 tons per square inch. 

If to the strains above enumerated we add those 
due to the shock 2 w by admitting that its effect on 
the axle is equivalent to a moment of flexure of 
intensity wR upon each portion of the axle on 
either side of the crank, we find that the maximum 
strain on axle, Fig. 5, is 6.43 tons, and on axle, 
Fig. 3, 5.22 tons per square inch. 

‘assing now to the consideration of the crank 
arms, as these should be as flexible as ae the 
unit strain upon them should be allowed to attain its 
utmost limit of safety, and in the following calcula. 
tions we shall take it at 6 tons per square inch, 
which corresponds to about one-sixth of the breaking 
load of steel, and is therefore still in excess 
of what it might be allowed to attain with perfect 





* See Moseley’s ‘‘ Engineering.” 1tis admitted here that 
the work of the steam in one of the cylinders distributes 
itself upon the wheels according to the inverse ratio of the 
lengths (L—/,) and J,. 








~29, 6Mi,63M 
Sst te te a 
which solved in of ¢, since 4 is naturally de- 
fined by the diameter of the axle being some 34 in, 
in excess of it, leads to a quadratic equation, and 
+3(29,.6M, 


makes 
=3( 294M) ,, [2M j 
2 | Ge Ena 8b on )® 

In the horizontal position the crank arms have to 
sustain the strain due : 

1. To the bending moment of the cylinder pres- 
gure and the bending moment of the shock 2w; 
both these have a tendency to bend them in the 
direction of their thickness; we shall call these 


>My. 

2. To the bending moment of the live load, which 
in this position of the arms acts as a twisting moment 
upon them; we shall call it My. 

3. To the extension pull due to the cylinder pres- 
sure and the shearing strain due to the shock 2w; 
“ shall call these yQ,. In this case therefore we 

ve: 








2 Qi, 1 Mo 
—_ *a(0? Mit oo7 6) 


which solved in respect of ¢ leads also to a quadratic 
equation, and makes 





I M 
6y My, + —2 

—3 2 0.27 2a}? 

‘ 1294 ra t(FR) 
It should here be stated that the strain due to the 
moment of torsion, for the case of rectangular solids. 
is given by M. de Saint-Venant in his edition o 
Navier’s work by the following relation : 


Moai b 12 Bo, 
where / and 7 are coefficients which vary with the 
ratio 4 in such manner as to cause 2/ to vary be- 
tween 0.208 and 0.383; in the case with which we 
are dealing 4 = 3,3 approximately, and 22 =0.9% 
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which being introduced into the above relation] the vessel which was quite recently added to that line = be pie roy es of atrensth fa favour of 


makes 
8,=—- 
qe 
. 0.27 6 t 
If we carry out the calculations indicated by equa- 
tion (5) for the case of the French axle, Figs. 3 and 
4, in accordance with the data already given, taking 
the length of the crank arms up to the outer cir- 
cumference of the axle at 21, and 4=28.5 centi- 
metres ; y Q=]0,910 kilos. ; M, =} x 14,660 kilos. x 
21=153.930; » M=5000 kilos. x 21+3250 kilos. x 
28.5 —1000kilos. x 12.5+ 1670kilos, x 64.6=291,381; 
S=930 kilos, per square centimetre=6 tons per 
square inch, observing at the same time that ¢ being 
a positive quantity we must take the positive value 
of the quantity under the radical, we get 
t=} 10,910 +x) + 
930 28.5 930 28.5? 
feat set , 10.910 | 6x 153.9% * 
. +4 ( + - = 
930 x 28.5 930 x 28.5 930 x 28.5* 

9.0 centimetres; if the same calculation be made for 
the point where the arms meet the neck of the 
crank we find ¢=7.8 centimetres. 

If, on the other hand, we execute the calculations 
indicated by equation (7) for the horizontal position 
of the crank, we have y Q,=9830 kilos. ; 


2 
3 My=5000 kilos, x21 + 2%14,600%24. 2x 100.1%" — 




















1,956,000. 
Mo 3250 x 28—1000 x 12.5__397 a77 : 
0.27 0.27 
S and 4 as previously, which makes 


t=,———___ + 
930 x 28.5 

nx 195,600 + 327,777 4 4 ( 
930 x 28.5 930 x 28.5 
In this particular case, therefore, it is in the vertical 
osition that the crank arms sustain the greatest 
fatigue, and their thickness near the body of the 
axle must be fixed in accordance with equation (5), 
and near the crank neck it may be reduced in 
accordance with the sketch Fig. 7; any thickness 
beyond this is detrimental to the flexibility of the 
arms, and consequently detrimental to the longevity 

of the axle. 

An important point not to be overlooked is that 
the limitation of the thickness of the arms, in the 
manner indicated, leads to a corresponding increase 
in the length of the axle bearing, which is of itself a 
considerable advantage. 

The author, therefore, calls the attention of the 
friends of the inside cylinder engine most parti- 
cularly upon the subject of the present inquiry, in 
the hope that its conclusions may receive a fair test 
in actual practice. 


PROSPECTS OF THE CLYDE SHIPBUILD- 
ING TRADE. 

Ir is pleasing to know that the prospects of shipbuild- 
ing and marine engineering on the Clyde have very ma- 
terially improved within the last week or two, and that 
there is now good reason to hope that the dark cloud of de- 
pression is about to clear away. But while thus briefly 
stating the case we have no desire to leave the impression 
that there will be an immediate return to such a prosperous 
condition of things as was witnessed some five or six 
years ago. There is certainly a most hopeful state of 
affairs now being heralded by the reports of contracts 
recently concluded for a considerable number of vessels, 
some large and others of moderate size, and of others 
that may be concluded very shortly. 

Of course, the most remarkable vessel that has been 
contracted for is that which has already been briefly re- 
ferred to in these columns, namely, the so-called yacht 
for the Emperor of Russia, a vessel of which we hope 
shortly to be able to give descriptive particulars, It 
is confidently affirmed that she will cost something 
like 200,0001., which means that in her construction 
there will be expended an enormous amount of material 
and skilled labour. She will cerainly be the most 
extraordinary vessel that has ever left the Clyde. 
One leading feature of her construction will be the em- 
ployment of three propellers and three pairs or sets of 
engines. As formerly mentioned, hia wonderful yacht, 
or whatever else she may be strictly called, is to be built 
by Messrs. John Elder and Co. The same firm have 
also just contracted to build two new steamers of large 
size for the British and African Steam Navigation Com- 
pany of Glasgow and Liverpool, on whose account they 
have already built, we believe, fully a dozen vessels. The 
two new vessels are to be built of steel almost entirely. 
There is some talk also of Messrs. Elder and Co. being 
in terms with the owners of the Guion Line of Trans- 
atlantic steamers to build for them a steamship of con- 
siderably larger proportions than those of the Arizona, 


* See Bélanger flexion plane. 





‘ =7.7 centimetres. 














by the firm just named, and which has already proved 
herself to possess extraordinary steaming powers. We 
had almost omitted to mention that Messrs. Elder and 
Co. have just contracted to build a third steamer for the 
Zeeland Steam Navigation Company’s service between 
Flushing and Queensborough. She is to be a very fast 
vessel, of 1652 tons, and with engines of 3000 indicated 
horse power. ets 

The London and Glasgow Engineering and Shipbuild- 
ing Company (Limited) have within the past few days 
closed a contract to build for Messrs. Allan C. Gow and 
Co., of London, two new vessels of 3000 tons for the well- 
known Glen Line, the steamers belonging to which have, 
within the last three or four years, done great work in 
the China tea trade. If we mistake not, all the vessels 
of that line were built by the London and Glasgow 
Company, and the same is true also, we believe, inregard 
to the vessels of the State Line Steamship Company, of 
Glasgow, who have this week received tenders for the 
building of a new vessel for that line, which is to be of 
nearly 4000 tons, the tender. being sent in by the com- 
pany just named, as also by Messrs. Elder and Co., 
Messrs. Denny and Co., Messrs. Robert Steele and Co., 
Messrs. James and George Thomson, Messrs. Napier and 
Sons, and Messrs. Barclay, Curle, and Co., all on the 
Clyde; and Messrs. Harland and Wolff, of Belfast. 

Much interest is being excited by the confident expec- 
tation that the Cunard Company will very shortly place 
an order for the construction of two vessels of extra- 
ordinary size and speed. They are to be steamers of at 
least 500 ft. in length, with a proportionate breadth of 
beam and depth of hold; and some notion may be formed 
of their carrying capacity when it is mentioned that well- 
nigh 4000 tons of steel will be required for the construc- 
tion of each ofthem. The building of these truly mag- 
nificent vessels will doubtless be entrusted to Messrs. 
James and George Thomson, who have already built for 
the Cunard Company over 90,000 tons of steam shipping 
including 41 vessels of a total of 17,000 horse power 
nominal. 

There is likewise some prospect of a new Inman liner 
being contracted for on the Clyde, and it is believed that 
she will bea great deal larger than the City of Berlin, the 
last steamer supplied to Messrs. Inman, and which has 
but very few, if even any, superiors in the Atlantic 
service, 

While speaking of these evidences of improving pro- 
spects we should not fail to note the fact that steel is 
coming more and more to the front as the material of 
construction. Of course, there are some shipowning 
firms and companies that have not yet worked themselves 
up to that degree of confidence that is necessary in those 
persons who go in with the “new departure” in regard 
to steel as against iron; but the day seems to be rapidly 
coming when steel will doubtless be the ruling material 
in shipbuilding. In the mean time, the works of the 
Steel Company of Scotland are kept exceedingly busy 
in completing orders actually in hand and preparing for 
those contracts that have just been or are now being 
placed ; and it is confidently expected that for many 
months to come the furnaces and mills and other plant— 
including that at present in process of being laid down— 
will beconstantly occupied. The company have hitherto 
turned out such splendid material, and Siemens-Martin 
steel has now become exceedingly popular, alike with 
shipbuilders and shipowners. 





STEEL FOR SHIPBUILDING. 
To THe EpiTor or ENGINEERING. 

S1r,—The question of what is the proper material to be 
used in shipbuilding is of such great importance that I feel 
disposed to trouble you with a few remarks in answer to 

our criticism on the observations I made lately before the 
ron and Steel Institute. 

It was impossible in those few remarks to enter into all 

the considerations involved in the question of whether or 
not the tests required ing the steel to be employed 
should be relaxed, and jwhetherj a steel of increased tensile 
strength should be employed rather than a mild material 
not exceeding 30 tons square inch of breaking strain. 
In your remarks you attention to an apparent omission 
in my argument to the effect that engi are in the 
habit of assigning to material a working strain of, say, 
one-half its elastic limit of strength, and that if that elastic 
- hg raised weight might be saved in the construction 
o! . 
Such a rule is no doubt resorted to in dealing with a 
material such as wrought iron, in which toughness and 
strength generally go together, but would not be applicable 
in the case of ing over from a comparatively tough to 
a comparatively brittle material ; to put it strongly, the 
elastic strength of cast iron is not much below that of 
wrought iron, and yet no one would think of constructing 
ships of cast-iron plates not exceeding materially the 
thickness given to wrought iron. 

Now this comparison, although an exaggeration, exactly 
applies to my argument. A ship has not only to be strong 
in the sense of a girder, but should be of such a ductile na- 
ture that if it receives a blow by collision with rocks or 
with another vessel, or even by the impact of a heavy sea 
against its side, it should be sure to yield rather than frac- 
ture. Each individual must moreover 


= 
g 





ing (a costly and in many ways objectionable 
ill admit, I think, that there is at any rate mu 
to be said in favour of the milder material. 
This material is, in fact, — without difficulty from 
i i @ price not exceeding one- 


you with these few remarks. 
Iam, Sir, your obedient servant, 
C. WILLIAM SIEMENS. 
12, Queen Anne’s Gate, October 9, 1879. 


BOILER EXPLOSIONS. , 
To THE EDITOR OF ENGINEERING. 

S1z,—Permit me to suggest a prolific cause of so many 
** mysterious” steam boiler explosions. Few steam boilers 
in use are found without “‘ deposit’’ or “‘scale,”’ and this 
varies in character and in thickness with the solids con- 
tained in the feed water. 

The most common and the most mischievous form of de- 
posit is when the solid matters become coherent and forma 
scale, mainly composed of sulphates of lime, alumina, and 
carbonate of lime. 

It is no uent occurrence to find such a scale, } in. 
thick, hard, coherent, and firmly attached to the plate. 
This scale is a bad conductor of heat. A } in. scale of this 
character intervening necessitates a temperature of about 
700 deg. Fahr. in the plates to raise and maintain steam, 
with a consumption of 150 per cent. more fuel. At this 
temperature the plate becomes soft and buckles ever so 
slightly (it is not in contact with the water). The “ scale’ 
sooner or later cracks, water comes into contact with 

te superheated as it is. Result, grand illustration of 
fessor Tyndall’s “‘ spheroidal’ condition of water. 

Bolton, October 7, 1879. Joun Couuins, F.C.S. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield and the Forth Bridge.—Your ers may have 
noticed that the contracts for the erection of the Forth 
Bridge were allotted at the close of last week in Edinburgh, 
but there have been several misstatements on the subject. 
Messrs. Vickers and Co., of Sheffield, have been successful 
in obtaining the order for steel chains for the bridge. The 
quantity of these required will be about 10,000 tons, and it 
is probable that the work of manufacturing them will com- 
mence next year. Messrs. Vickers will not supply the 
framework of the bridge, as announced in some quarters ; 
but sub-contractors to Messrs. Arrol and Co., of Glasgow, 
will execute that portion of the work. The raising of the 
capital for the heryc tage | is the next t_. but there 
are indications that this will be successfully accomplished , 


Eat Deke fan the ae ee e— — 
rbyshire smelters are rapidly ing their 
stocks, and there is a slight advance in the price of raw 
irons since last week. Local buyers are, however, very 
careful in their operations, and are loth to commit them- 
selves to heavy purchases. A general opinion is that much 
of the excitement in the market is due to over-speculation. 
The reports to hand during the week from other iron 
centres indicate yet higher rates, but there are not orders 
to hand here for the finished article which would warrant 
the supposition that these quotations can be maintained. 
The rapidity of the alterations causes considerable sus- 
eee to the continuance of the “ revival’’ in its existing 
P » 

cagueneents at Pontefract.—The authorities in this 
town have determined to borrow 12,0001. for se and 
street improvements. Although the new line from Castle- 
ford (north-eastern station) in connexion with the Lanca- 
shire and Yorkshire system has been completed about two 

ears, it has not been aqnet, The railway companies have 
asked to open the branch as soon as possible. 

Rosedale Iron Deposits.—At York, on Friday, Mr. T. 
Walker offered for sale the Rosedale Abbey Estate, so 
celebrated for its iron deposits. There was not a single 
bid for the property. 

Hull, Barnsley, and West Riding Junction of Rail- 
oa ublic meeting convened by the mayor, has been 
held in Huddersfield to consider this scheme, It was 
decided to proceed with the project in the next session of 
Parliament, in conjunction with those working in the 
matter at Hull. e Corporation and Chamber of Com- 
merceof the town are working together in support of the 
intended Bill, and public a the district to 
be traversed is in favour of the line being cut. 


Tue Nico.arzrr Deposirine Dock.—We are informed 
that the Russian circular ironclad, Vice-Admiral Popoff, is 
now on this dock for the second time, having been docked 














for the first time in September, 1878. It will be rememberd 
tbat this vessel is 121 ft. in diameter, and is, therefore, un- 
able to enter any ordi dock, but the Nicolaieff Dock — 
whieh was desi by Messrs. Clark, 


Sandal, and a, of, West ean 9 2 
vessels length or breadth ; as a eearah comangee © 
can dock vessels “ap to about 150ft. in breadth. 


issue of 10th of January last we gave a view of the 
sister ship, the Novgorod, the dock ; diameter of 
this is 101 ft. 
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CREW PROPELLERS. Messrs. Yarrow and Co. have had to try twenty-five difference in the dimensions of the as they are 

T 8 E E pellers before they could discover what were the nl and the dimensions as they should * resienbeclog 

© THE EDITOR OF ENGINEERING. most suitable to their torpedo boat, but also in the case of | that the ht of water passing through the blades 

Srz,—In your issue of the 22nd of August last you were | H.M.S. Iris, when four sets of screws had to be tried, | of the in its revolutions is the measure of 
kind enough to publish a letter of mine on the subject ef | which led to your contemporary, The Engineer, remarking | its labour. If, on the other hand, the peller or 
‘* Screw Propellers.”” In that letter I stated that, ‘From | that “if any proof is ted that little or nothing is known | lever is of too great dimensions in enantio to the 
the result of my own e ents I can conclusively prove | with certainty concerning the varions of screw | weight to be moved, the resistance to be overcome, and the 
that the actual weight of the screw is an im actor | propulsion, it is supplied by Mr. Wright’s paper ‘On the | power at hand to perform the labour, then that power is 
in determining the results to be secured. heavy screw og Trials of the Iris,’ read before the Institution of | overburdened, is retarded in its action, and the speed is 


will not give as good results as a lighter screw of exactly 
the same dimensions.”’ 

This statement of facts which had come under my own 
observations has now been confirmed by the results of the 
steam trials recently made by Messrs. Yarrow and Co. ina 
torpedo boat constructed by that firm for the Admiralty. 
On this boat were tried twenty-five propellers. Of these, 
two were two-bladed of 4ft. 6in. pitch, 5ft. 6in. in dia- 
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meter, and of a total surface area of 496 square inches. 
The only difference in these two pro lay in the 
thickness of the blades, and on the results obtained with 
these two screws your contemporary, Engineer, re- 
marks that, ‘One very remarkable fact which was ascer- 
tained during the experiments was the influence which the 
elasticity of the ee ger blade had on its efficiency ; and 
was confirm without exception, and in a most 
marked degree, the thin and elastic blade in every case 
giving a superior result to a rigid blade.”” In the case 
under notice the thin blade secured a speed of 19.5 knots 
at an expenditure of about 375 horse power, while the thick 
blade expended about 500 horse power to secure the same 
speed. The advantage of the thin blade is ascribed solel. 
to its “elasticity” by your contemporary. This I thin 
4s incorrect, or ‘‘ Macintosh’s flexible propeller,” patented 
June 22, 1847, would long since have been simplified and 
adopted. The question, it will be found, revolves itself 
simply into one of weight, and the lighest screw com 
tible with safety will —- be found to be the best. The 
next question I desire to allowed to touch upon is that 
of the pro rtionality in which the power necessary to 
secure higher speeds increases. For many years it has 
been held in this country that the power neces: to drive 
a boat varies as the cube of the speeds, but the results 
— by Maen. Seow and Co., acoutins © our 
\ ngineer, “‘apparently indicate that. 
at speeds over 18 knots, the reshideeen ieee aah increase in 
the very rapid ratio in which it is commonly held to aug- 
ment.”” And after ny these results, The Engineer 
see say that, “‘ these a oe er fail to modify 
received opinions concerning the action of screw propellers 
at high velocities at all events.”’ é 
_ It is several years since I modified my opinions ‘‘ concern- 
ing the action of screw propellers at high velocities at all 
events,’’ and also at slow speeds, for it appeared to me 
that the law governing the action of the screw 





Naval Npy en Page bn ey wich anor add- 
ing “ by a fort . oa sagt - 

>the dog Now scrows were fitted to her, and the ei 
once surpassed expectations formed concerning her. 
We wish it to be clearly understood that i iting thus we 
have no intention to Mr. Froude, Mr. by, 
or any one else. Farfrom it. The trials prove in all their 
circumstances that very little is known accurately concern- 











ing the action of screw oat even by such men as Mr. 
Froude and Mr. Barnaby.’’ nie 

My object in making use of the above quotations is not 
that of desiring to disparage anybody, but to call attention 
prominently to the fact that, as yet, no rule has ever been 
pass ane whereby propellers can be designed with any 
certainty of success for any given class of vessel. 

The result of numerous experiments have taught naval 
architects that certain classes of vessels do better with pro- 
pellers of certain sizes than with others of different di- 
mensions, and, so long as the ship approximates to any 
given class, the propeller commonly lied to vessels of 
that class is assigned to the new ship. e result is waste 
in nearly every case, and failure in many others. Failure, 
as in the first screws applied to the Iris. Waste, as in the 
twenty-five screws a plied to Messrs. Yarrow and Co.’s 
to. io boat before !the ,right screw was hit upon. But 
how many vessels are there not sent to sea with p 
applied at hap-hazard, which may or may not be the most 
suitable to the vessel they are made to propel? I have 
had to take many such screws off, have replaced them 
by others, designed on a rule I have myself drawn up, and 
have thus in efficiency. But, Sir, my views 
on the subject are not those “‘ generally received.” Thus, 
for example, I hold that the ship is a weight displacing her 
own weight of water as she floats. Whenever she moves, 
she consequently displaces her own weight of water as 


often as she is made to move her own length thro h the 
water. But water is kept at rest, and its are 
force of gravity. 


made to form an homogeneous fluid by the 
Therefore this force, called vy, ba to be overcome 


the i wer the vessel. The me- 
jbo yew Fare which the vessel is 





was but imperfectly understood. That 
tas seouaiy tenn demonstrated not only 


this is case 
by the fact that 
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driving a screw faster than it is calculated to run at, tha’ 
it cut out a hollow cylinder beneath the surface. The dis- 
water was at such times thrown up by the ascending 

lades to form the stern wave so common in all modern 
screw steamers. The dome thus formed above the screw 
speared from its weight to break into the void formed by 
the blades of the screw pushing the water before them 
while leaving a void behind them. In this manner broken 
water was continually falling in front of each blade in its 
descending cut, and on to its back, near the tip, as soon as 
it had left the vertical to assume the horizontal position. 
At such times the speed of the boat was actually less than 
it had been with a less number of revolutions, and in my 


opinion the constant ‘‘drip” of water falling w the 
backs of the blades causes that ‘‘ honeycombing’”’ which 
wears away all narrow-pointed screw blades, and in time 


causes them to break off at about two-thirds the radius 
from the centre. I also ascertained that, where increased 


horse power was available, by increasing the revolutions, 
the la action could be overcome, and the screw be 
made to work once more in solid water, thus again in- 


creasing the speed of the boat. 
These facts, if I may so call them, as being the results of 
experiments, were embodied by me in a paper on ‘‘ Screw 
ion.”” That paper I sent in to the Institution of 
Naval Architects. It was submitted to Mr. Nathaniel 
Barnaby, C.B., Chief Constructor of the Navy, and to Mr. 
Wright, the Engineer-in-Chief of the Navy, and was re- 
turned to me with the following marginal notes affixed 


thereto, and initialed, viz.,‘‘ False principles.” ‘‘ A screw 
is a screw” (and consequently not a lever, as I prefer to 
consider it when a “‘ screw propeller’’ is dis 4 
‘* Rubbish.’’ ‘‘ The reverse is the most ly aecepted.’”’ 
** Nonsense.’ ‘‘ This kind of writing could not be put in 
type by the Institution of Naval Architects.”’ 

jut since then, Sir, the result of the ents made 


ay ene Daas can Cos Soe SS nen ae 
opinions action of screw propellers 
have to be modiaed.” What appeared to be mere 
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*¢ pubbish,” .“* nonsense,” and j ‘the reverse of the most 
generally accepted,” will have to be taken into serious con- 
sideration if we desire to solve the ‘‘ Mystery of tho Iris,”’ 
and of Messrs. Yarrow and Co. having to apply twenty- 
five equows Satave being abt So nocertns the eundens of 
that screw best fitted for the work to be performed. In 
writing thus I have no to dispa: any one. I 
merely desire to call attention to the fact that screw pro- 
uulsion is really in its infancy, and that even such men as 
Mr. Barnaby or Mr. right cannot lay claim to having 
mastered the difficulties which beset this science any more 
than others, None should be too An; to learn, for our 
knowledge is imperfect, and it is by the interc of 
ideas that we can educate ow 
oy in darkness and struggling hard to reach 
ight. 


Now, my idea of what a screw propeller should be is a 
very simple one. Instead of regarding it as a “‘screw”’ I 
prefer to call it a “‘lever,’’ whose work it is to move a 
vessel. This lever has, therefore, to overcome a certain 
resistance op by both air and water to the advance of 
the vessel. e displacement tonnage of the vessel is the 
measure of that vessel’s weight. Consequently, since the 
quantity of water passing through the screw is the measure 
of itslabour, that weight of water should, in the first 
instance, equilibriate the weight of the vessel. Thus, in the 
case of the Iris, whose displacement tonnage is 3290, and 
whose length is 300 ft., my rule gives, without applying any 
of the necessary corrections, 15.6 ft. as the diameter of 
each of her screws. This diameter has then to be cor- 
rected for other resistances, &c., and the pitch and surface 
area have to be accurately computed to turn ont a perfect 
screw, —— both to the machinery and to the weight 
of the v > : 

What do we find in practice? The first screws used on 
board the Iris were 18 ft. 6} in. in diameter, passing 
4666 tons of water per ship’s length. The second set were 
of the same diameter, but with only two blades instead 
of four. The third set were 16 ft. 3} in. in diameter, and 
were four-bladed, passing only 3538 tons of water per 
ship’s | h. The fourth set were 18 ft. 1} in. in dia- 
meter two-bladed. The third set are now in use as 
the most swited to the vessel, and on the dimensions of 
these screws those for the Mercury have been cast. But 
neither of those vessels have the best-proportioned screws 
it is possible to design for them. 

The better to explain the rule I have adopted, will you 
allow me to add the following example? We will take two 
vessels of equal displacement tonnage but ing in | 
We will assume both those veasels to be of tons load 
displacement, while the one is tm 300 ft. long to the 
other’s 400 ft. Roughly, the length of the short > is 
contained 20 times in the nautical mile, while the length of 
the longer vessel is only contained 15 times in the same 
distance, and, consequently, since the quantity of water 

ing through the blades of the screw in their revolutions 
is the measure of the labour performed, we find that, in the 
short ship, that labour is, per mile, the displacement of a 
weight of water equilibriati 8000 x 20=160,000 tons, 
while in the long ship it is only 8000 15=120,000 tons. 
This shows that the shorter ship throws upon her engines 
an extra amount of labour per mile, equal to equilibriati 
40,000 tons over and above the weight equilibriated by the 
screw of the longer vessel in the above instance. In 
practice, we find the effects made visible in comparing the 
performance of the Monarch and the Britannic, and of 
other vessels of equal displacements but different lengths, 
where screws of the same diameter are in use. 

In conclusion, — xen oe me ~ — that ; = oe 

repared to supply shipbuilders wii i of the 
} ate it is ibis to Glee for any class of vessel, pro- 
vided that f am eae with the vessel’s accurate dimen- 
sions. I do not lay stress on the actual shape in 
orth hic projection of the blades. That must entirely 
depend on the dimensions and form of the vessel. These 
govern the shape of the screw, for that shape is governed 
in its turn by the diameter, pitch, and surface area re- 
quired. Neither a tug-boat nora collier would work as 
efficiently as they should were they given the same descrip- 
tion of propeller as should be applied to the fast ocean 
mail steamer. The backing power of the propeller has 
also to be considered. In cases I set out screws on 
geometrical principles, but I employ the geom of the 
eycloids to determine my curves, for, in nature, all matter 
moves in cycloidal curves ; and to overcome the resistance 
of matter to motion you should use nature’s curves. The 
illustrations I now supply show different shapes of blades ; 
but, in all, the ‘‘ curve of sines’”’ secures the same action 
when going astern as when going ahead. I have numerous 
testimonials as to the efficiency of “‘ cycloidal p mey 
the most recent being the enclosed from Mr. rge Salt, 
of Saltaire, who remarks that, with regard to the cycloidal 
serew ‘‘ its going astern qualities are splendid.”’ 

The importance of the subject under discussion to this 
maritime nation must be my excuse for troubling you with 
this long letter, written neither te praise my own inven- 
tion nor to dis 
forward solid facts to solve that which, up to the present, 
has remained a ‘‘ mystery” to far better men than 


Yours traly, 
Rost. H. Armrr, Lieut. R.N. 
18, Clifford’s Inn, Fleet-street, E.C. 





To Tus Eprror or ENGINEERING. 

Srr,—Your readers “N.” and “Wm. Sisson’ have 
noticed an error of our copyist in our letter (see July 11 of 
your issue) which should have read “‘ the vessel will back 
much quicker than with a solid wheel.”’ 

To namerous ers and inquirers as to what are 
the olventages of perforation, we give the following : 

Perforation, 1 removes vacuum ; 2 removes vibration from 
engine and vessel ; 3 will increase the size of the driving 
face of the blade, as the sides of the cones present new 


ves in this world of | 17 


¢ the inventions of others, but to bring | §U 


propelling surface ; 4 is advantageous te any and every 
wheel ; 5 gives a lifting power in the stern, useful!on a 
sand bar ; 6 prevents corrosion or pitting ; 7 gives increase 
of speed an towing power ; 8 isa saving of fuel; 9is a 
saving of steam; 10 gives increase of power in ing. 
Seams piece beamition Ae eek coeairs 1A gives ten wee 
loose work e ; 12 gives to a w a 
better grip of the water ; 13 will allow a wheel to be set lower 


down ; 14 will prevent breakage of pressure being 
equal on both sides ; 15 will t of shafts, 
having removed the vacuum ; 16 will retain the original size 
of the wheel, almost by ing the from being worn 


away by the return of the water to up the vacuum ; 
will allow a wheel to run her distance by measurement ; 
18 leaves smoother water astern, somewhat useful in canals ; 
19 works by natural laws; 20 ventilates, which destroys 
vacuum ; 21 invites the skill of the scientific and engineer- 
—— to disprove its assertions. 
urther remarks on the above 21 reasons : 

1. Scientific men know to exist ; 2. Yacht F. E. Pinto, 
tugs Active, Atalanta, Missisquoi, John Anson, and others 
have proved ; 3. Requires no elucidation, see wheel July 
llth; 4. Proved to each vessel; 5. Says one, “ After my 
wheel was perforated the vessel’s stern was higher out of 
water than with a solid wheel, or when lying still.” 
Another, ‘‘I find the old wheel has a burying power, the 
new wheel has a liftirg power ;” 6. Cases mentioned in 
July llth; 7. One says, ‘‘ We are 20 per cent. better.’’ 
Another says, “‘ We are 12 per cent. better.”” ‘‘ Another 
boat which was a tie with me with my old wheel, I can now 
beat ten minutes in a run over to Jersey.’’ ‘‘ In short runs 
we cannot tell exactly how much, but the new wheel has 
increased our speed and ing power;” 8. ‘‘ Our coal 
bills are less because we use less steam ;’’ 9. ‘‘ We use now 
only 80 lb. of steam, we used before 100 lb. ;”” 10. Needs no 
elucidation—all know it who have tried perforation; 11. 
‘* My stern bearings were worn down # in., which, in order 
to see the full benefits of Demy I left so. The 
wheel works evenly ;’’ 12. ‘‘ My wheel has plenty of grip 
of the water now;’’ 13. Those who know anything of 
British ironclads and other heavy war vessels know what 
vibration means from wheels deep under water; 14. Per- 
forated wheels have not been broken by water nor by ice. 
Says one, “‘ Your wheel will stand anything after the hard 
work I have givenit. I have backed right into masses of 
ice and brought up carrying 90 Ib. of steam ;’’ 15. Vacuum 

me the danger is gone; 16. Instances mentioned in July 

1th ; 17. Runs the distance the wheel measures, all things 


h. | being equal; 18. Noticed by observers; 19. Plain enough 


to thinking men ; 20. See letter in July 11th ; 21. Invites 
the attention of Sir George Sartorius, see ENGINEERING, 
August 1, 1879, middle column under “ Polyphemus.” 
Invites the attention also of the British Admiralty engineers 
of Chatham and every other doc > 

We wish that we could invite the attention of the late 
Mr. William Froude, F.R.S., a great man with a great 
mind. See ENGINEERING, July 25th, 1st column 78. 

** Mr. Froude in his report shows that the Greyhound, a 
vessel of over 1000 tons displacement could be towed at 
nearly 4 knots speed with a strain on the tow-line of 
only ¢ ton, at 8 knots with a strain of 24 tons, and at 12 
knots with a strain of only 9tons. Hesays, ‘ A comparison 
between the indicated horse power of the Greyhound when 
on her steam trials, and resistance of the ship as deter- 
mined by the dynamometer, shows that, making allowance 
for the slip of the screw, which is a legitimate expenditure 
of power, only about 42 cent of the power exerted by 
the steam engine is usefully employed in prope ing the ship, 
and that no less than 58 per cent. is was in friction of 
engines and screw, and in the detrimental reaction of the 
propeller on the stream lines of the water closing in around 
the stern of the vessel.’ ”’” 

We are now only showing some of this lost power, waste 
of steam and fuel, and are quite within bounds in what we 
have already stated in our letter in July 11th. 

No one need ask the question, ‘‘ What gain will perfora- 
tion be to af vessel and wheel?’ As already shown, 
vessels and wheels are widely different under different 
circumstances. Selecta good wheel nearest to the true 
screw (not like the queens type with blades cut away 
bearing a blade resembling the sole of a shoe, and some 
even more pointed, which has been done to get rid of 
vibration) as nearas possible to the Delamater wheel as 
shown in July 11th, test your vessel well with that screw, 
and then apply to Mr. Wm. Bruce, engineer and machinist, 
of Canada-road, Liverpool, who alone has the authority to 
drill or emery screw propeller blades in the United King- 
dom of Great —, pam 

am yours respec . 
New York. H. D. DEANE. 





STEEL AND IRON PLATES, 
To THe EpITor oF ENGINEERING. 

Srr,—The recent papers and discussions at Liverpool 
during the meetings of the Iron and Steel Institute on a 

bject which I have been long and intimately interested 
in, lead me to trouble you with the following remarks. 
One speaker, Mr. Adamson, says, ‘‘ The plate exhibited 
at the meeting certainly showed exceedingly great corro- 
sion. His own experience was, that in working with waters 
from the triassic formation they often got a sulphate of 
lime that had a fitting influence. Where a variety of 
acids (!) were in water, without one exception he had 
always discovered that the iron corroded in the end rather 
more than the steel. The steel, after the first few months 
in several cases which he had seen, where the two had 
been working in conjunction, certainly corroded much less 
than the iron.” 

If Mr. A. use “‘corrosion”’ as distinguished from “‘ pitting’’ 
he is surely not literally reported? For “‘ pitting” is a 
local corrosion, and cannot possibly be caused by water— 





whether from the “‘ trias’”’ or elsewhere of uniform quality. 





The ‘‘ sulphate of lime” will not “ pit’? a plate of uniform 
quality aud structure ; h it may share in its corrosion 
and - * Acids,” as all know, will corrode both iron 
and steel, but the common-sense question arises—Why use 
waters for steam p which contain free acids? The 
metal has such a well-known affinity for oxygen, that the 
contact of moisture is alone sufficient for ‘‘ corrosion.” 

Tn the case of the steel rails mentioned by Mr. Riley, 
other conditions present themselves with which we have not 
to dealin considering the plates of steam boilers. Any- 
how the rate of corrosion must have been very rapid and 
excessive from some surely exceptional cause. ‘ long a 

eriod did this corrosion cover? At the rate mentio: 

in-, a rail witha fin. web would be gone directly, 
could never fulfil the duty required in its warranty. 
April of 1868,,Mr. Henry Sharpe, of the Bolton Iron and 
Steel Works, read a paper before the Institution of Naval 
Architects ‘‘ On the Treatment of Steel Plates,”’ which was 
duly reported in the scientific journals, and which might 
have been studied with profit by several of the speakers at 
the recent meeting. To none more so, probably, than Mr. 
West, who talks about “‘ steel plates with a tensile strength 
of 20 tons,” (!) while Mr. Snelus supplies re-assurances 
known to practical men ten or twelve years ago !* 

In 1867, I commenced a series of experiments and ob- 
servations on the subject of corrosion at the suggestion of 
my then principals, which have been continued, with but 
little interruption, to the present time. These results 
present several curious features. They are instructive ; 
they show that “‘ steel’ (of this character) does not corrode 
— than iron, and that the steel has a longer life, 

rom corrosion, than many of the speakers (or Mr. Riley’s 
rails) lead them to expect. The samples of plates used in 
my é ments were ordinary boiler plate taken from the 
scrap emp, and sheared to size. ‘hey were not made 
specially for the experiments. All were placed under exactly 
similar conditions, and were similarly treated. The 
‘*corrosion’’ is stated as percentage loss : 





Four Years | Four Years | Four Years 
— ending ending ending 
Nov., 1871. | Oct., 1875. | Oct., 1879. 








per cent, per cent. per cent. 
Bessemer steel 
plate ... ee: 15.46 15.74 15.13 
Bowling _ iron 
plate... eee 21.25 18.86 23.61 
B. I. and S. Com- 
pany plate... 18.94 18.97 19.42 











Analyses of the oxides obtained is very suggestive, and I 
| give it you in another letter. 

t is ly possible to follow Mr. Wrightson in his 
argument how the “‘ seam rips’”’ which he found were caused. 
How is it possible that a boiler plate, whether iron or steel, 
in contact with water, s become “‘ crystalline in frac- 
ture.”” The crystalline structure observed, was probably 
in that ‘‘ seam’’ when it came from the boiler maker. The 
annealing of cables, crane chains, and so forth, is an ancient 
device, and affords no parallel to that in point. 

The subject of corrosion generally, but especially as 
affects steam boilers, either in the ordinary sense, or in its 
forms of “‘ grooving”’ or “‘ pitting,’’ is too important to rest, 
and I hope shortly to be able to contribute the results of 
further investigations therein. 


JouN CoLuins, F.C.S. 
Bolton, October 7, 1879. 





THE STRAIGHTENING OF STEEL RAILS. 
To THE EDITOR OF ENGINEERING. 

S1n,—The following remarks, based on practical ex- 
perience in rail inspection, have been collated with a view 
of being worthy of attention of both railway ineers and 
rail makers, and if you find them so, they might occupy a 
space in your widely ci paper. 

The necessity of a straight rail for our roads, whether 
of iron or steel, is too well known to both rail makers and 
engineers to require any comment. The saving of the 
rolling stock, as well as the permanent way, particularly at 
high speeds, is certainly affected thereby. 

ith the present mode of straightening rails cold by 
presses the result is not so good as might be desired, an 
more or less crooked rails are obtained which are trouble- 
some to lay down on the road, and which will never offer a 
smooth run. If the rolls and the guides are not properly set, 
a twisted rail is obtained, which will have to be adjusted by 
clews, as it cannot be done in the presses, neither can the 
short bends near the rail end, which sometimes occur from 
cutting too short crops be adjusted by this means. Both 
these faults are very objectionable in fishing the rails for 
obtaining a good joint. In fact, if it were possible to de- 
sign a simple and practical machine or press to straighten 
rails sheule laid on the road from such bends that have been 
caused either by fault in the manufacture or transport and 
unloading, there would be ample room for its employment 
in order to obtain a perfectly straight line and a smooth 
run, but the great power requi to straighten a 
would necessitate such strength and great weight in the 
machine, that it would be very difficult to apply it practi- 
cally on the line. There thus remains nothing but to 
obtain a perfectly straight rail before it leaves the works, 





* [Mr. Collins must, we fear, have read some erroneous 
report of the discussion he refers to. We were present on 
the occasion, and certainly did not hear Mr. West speak 
of steel with a tensile strength of 20 tons. He, however, 
mentioned 29 tons as the highest limit allowed in the case 
of the material for the Pizarro.—Eb. E.] 
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and such bends as may be caused during transport, or in 
loading or unloading many times they are by no 
means few, particularly in light rails made in long lengths 
—can then be more easily adjusted by the platelayers with- 
out any ane machinery. : 

The old mode of straightening iron rails cold by the presses, 
which consists in placing them on solid supports, applying an 
iron hammer or gag between the press and the both on 
the flange and the head, is right enough for iron, but not so 
for steel, inasmuch as iron would stand a rough mechanical 
treatment which steel will not, particularly if itis hard by an 
excess of phosphorus, carbon, or silicon. The stre of 
steel is materially reduced by cutting the skin or surface of 
the metal, and for flange sections this is best seen by the loss 
of strength through rotching the flanges for the spikes, a 
practice which is now fortunately done away with. If the 

or the hammer has got the least sharp corners, and is 
applied on the flange in order to straighten side or hori- 
zontal bends of the rail, the effect is to a certain extent a 
cutting of the skin or surface, besides a strain on the 
texture, and there is no doubt that this is the cause of steel 
rails breaking sometimes from unloading from trucks or 
lighters, oreven on the road exposed to ordinary traffic 
during the first years after being laid. On several rail- 
works the men are fined every time they put the gag on 
the rail flange, as this is detrimental to the safety of the 
steel rail, and they can equally well put it on the web of 
the rail. 

Why do steel rails break? has long been a problem not 
satisfactorily solved. Even England with its mild climate 
experienced last year more than two hundred steel rails 
broken on the roads, and this notwithstanding that English 
railways generally prescribe equally heavy falling tests 
as foreign lines and many falls heavier than they used to 
specify for iron rails. Makers on the contrary put forward 
the question why should a steel rail be subject to heavier 
tests than iron rails, and the answer would because 
engineers believe it to be the simplest way of securing a 
oles rail or a soft material in them, and so they have gone 
on increasing the tests enormously, and there is no telling 
where the practice willend. Nowithstanding this steel rails 
still continue to break, although more seldom than at first 
when the material used was harder. If it is true that the 
hardest material lasts the longest there would be a loss of 
economy by engineers going in for too soft rails, and as for 
the maker, although he is now quite able to give them any 
degree of softness they may require, still the harder steel 
would no doubt be more easy to make and also to roll. 
There is, however, little hope of engineers reducing their 
falling tests for steel rails as long as there occur so many 
instances of fracture, although it might be said that there 
were more accidents caused by lamination of iron rails than 
by fracture of steel rails, however, with the view of safety, it 
. —_ strength all through the bar that will save us from 

racture. 

Take, for instance, a rail broken on the road or from un- 
loading, and test the remaining pieces, they will often be 
found capable of sustaining enormous tests. There are 
many causes to account for unevenness of strength all 
through the rails, but none with so much force as that the 
old method of straightening puts a strain on the rails, say, 
on every yard and cutting the surface as well, and, there- 
fore, the sooner it can be obviated the better. In bi i 
rails on purpose to examine the fractures, the ordinary 
mode is just to put a steel rail in the press after slightly 
nicking it, and then it breaks more coalty than an iron rail. 

This from a point of view of safety ; now let us glance at 
the old method for economy. Most of the rail works 
employ a set of men, two to every press, and, say, ~a- 
dozen presses to straighten the rails cold. In the best 
instance, when it comes straight out of the rolls, which is, 
however, not always the case, there is the vertical camber 
depending on the section, and the natural contraction 
between the rail head and the flange by the cooling of the 
metal ; this is sometimes counteracted by a sweeping bench 
giving Re rail while hot a corresponding bend in an oppo- 
site direction by knocking it to the form of a cast-iron 
plate ; but as it is not possible to have a sweeping bench for 
each section, all rails are bent alike hot, and in cooling con- 
tract very differently, depending on the section ; it is the duty 
of the gang of straighteners to correct this in the presses as 
well as twist and horizontal bends, and they are generally 
—s contract so much a ton. It is, therefore, quite 
natural that they will do the work no better than is required 
to be passed by the inspector, and as for my own practice 
for many PE ann it might be stated that the rejection, 
taking it all round in different works, is for crooked rails 
more than all the other faults put together, often amount- 
ing to 10 per cent. and more of the total make. It may 
also be said the rejections have considerably increased since 
the make has been almost doubled with the same presses or 
set of men, and they have thus to do double the amg or 
bestow only half the attention. The labour in turning these 
rejected rails to be re-straightened, delay in despatching, 
the great benchroom required in consequence of the 
enormous increasing production, must certainly tell in the 
maker 8 book as a great loss to them, notwithstanding that 
the straighteners have to restraighten the rails for uothing. 
The method of straightening, as it is done generally, seems, 
therefore, to be equally as deficient from the point of view of 
economy as it was just shown to be to the safety of the 
rail, and is, therefore, quite ripe for iving room for some- 
thing better. If straightening cold cannot be done away 
with altogether, a simple mode of reducing it to a minimum 
would certainly be most desirable for all parties concerned. 

What is really wanted is to straighten the rail hot, and 
this is now done in America by rollers as the rail passes 
from the saw to the hot bench for cooling. The arrange- 
ment consists of three pairs of vertical flat rolls of, say, 1 ft. 
in height and diameter, all placed in a line one after the 
other, the three on the one side to touch the bottom of the 
rail the others on the head, the rail passing t h in 


the same positions as it comes out from the rolls. The 





rollers are movable horizontally in order to give the rail 
the required camber to get straight when - The rails 
rolled to two or three lengths are cut and carried on hori- 
zontal rollers till these vertical rollers catch them, taking 
out all twist if there be any, and giving the camber re- 
quired, by setting the middle rolls by screws. 

The cooling bench where the rail is placed afterwards 
must be perfectly level, as otherwise the rails would bend 
accordingly, and the result is an almost straight rail when 
cold, with no twist whatever. It has of course to go through 
the press, but the work is very materially lessened, so that 
the number of presses or sets of men may be reduced or the 
more time bestowed upon doing the straightening better. 
The advocate of this mode of hot straightening, at least at 
some rail works in America, is Mr. Alex. L. Holle , who has 
done so much to enable the railmakers of the States to hold 
their own— we may say almost too much to be agreeable to 
this side. . 

On a recent visit to this country as well as the Con- 
tinental rail works, Mr. Holley spoke very warmly on this 
method, and if asked he would no doubt furnish drawings 
and detailed descriptions of the arrangements based on his 
extensive practice in laying out rail works and machinery 
for their manufacture in America. It would of course 
require longer experience to speak of this method as bei 
perfect to answer the purpose aimed at, viz., a simple meth 
of straightening the rail hot as it comes from the rolls so 
that it could be left alone from any rough mechanical 
treatment cold save that of drilling the bolt holes. It is, 
however, a step in the right direction, and therefore 
worthy of adoption, or at least investigation, by European 
railmakers, particularly if they have to guarantee the rails 
for ten years. 

From the point of view of safety it is of importance, as it 
treats the rail all mr = equally, whereby that uniformity 
of strength so much desired is not spoilt. is is more 
especially of interest to those railmakers who are — 
to use inferior ores with excess of phosphorus and silicon 
But even to others who use pure ores producing a soft 
steel of a strength that surpasses the most rigid tests, in 
fact ten times more than is required for its use, it is of 
interest as a safeguard inst occasional hard blows, and 
to the engineer it would give him a harder and better 
wearing rail without risk of fractures. From the point of 
view 0: ere | it must be a saving in the manufacture, in 
the exchange of manual labour to that of machinery. The 
cost of construction of the straightening Be ya yy is but 
small and amply compensated by saving part of the presses 
and labour in straight ing cold. The space it occupies is 
but small com to the hroom saved by getting less 
rails to restraighten and haul from the inspection benches to 
the presses. ‘Time is also saved by turning out more work 
fit to go at onve, i yale the stock of the rails in the yard 
is kept low, so that a better control can be kept by the 
maker on the progress and execution of each order without 
having to stop to take stock of all rails in the yard to be 
paren ery — sa ng ves can be — —_ 
every point of view it o @ saving, and any suc 
however small it ot ry is worth having in these hard 
times. The immense p 3 of late in railmaking is best 
shown by the fact that double the quantity now produced 

not been followed up by a le set of presses and 
men to straighten this increased quantity, and it therefore 
seems that this new method comes to the rescue just at 
the right moment. 

Continuing my work as inspector of rails to the Swedish 
Government and other railways as my iality for many 
ears, a great many changes have been observed both for 

tter and worse in the manufacture of rails. It has, how- 
ever, always been my aim to unite the interest of both pro- 
ducer and consumer of this important branch of Pps | 
plant as being the only true advance or progress that woul 


remain in the long ran. 

And it has been gratif to see the interest and in- 
dulgence by which both railway engineers and railmakers 
Sook, posbally Lesanos Gis herds Rosa Heoaedal Kebertielty, 

» probably use they have been im " 
whelaver might have been their value in other respects. 

It remains to be seen if these few lines meet with the 
same reception ; they are at least dictated by no other 
interest than that of an inspector who prefers to pass good 
rails instead of rejecting bad ones. . 

Yours truly, 
; C. P. SANDBERG. 

19, Great George-street, Westminster, Sept. 15, 1879. 





THE ENGINEERING PROFESSION. 
To THE EDITOR oF ENGINEERING. 

S1z,—The practice of putting engineering works up to 
competition is, I am sorry to say, becoming a very common 
one, and one that does not tend to elevate or improve the 
profession. As a rule no first-class man enters into 
such a cay aang as he cannot afford to waste his time and 
money on them, and the result is that a large number of 
desi are frequently sent in by younger members of the 
profession who have nothing else to-do, ér by small local 
men who have had no scientific education, and are 
really not competent to direct works on their own responsi- 
bility. The competition is seldom placed in the hands of 
any one competent to decide on the merits of the various 
proposals, for the simple reason that the fee of such a 
person would probably exceed the entire amount of the 
premiums, and a decision is generally come to by a set of 
men totally incompetent to decide on such points ; not in- 
frequently local influence is brought to bear in favour of 
some particular candidate. The result of such a state of 
things is the lowering of the status of the civil engineer ; 
and as a proof of the value at which their services are now 
estimated I beg to enclose you a paper which I this morning 
received. Having seen an advertisement offering a pre- 
mium of twenty guineas for “‘ plans and estimates for the 
most efficient economical mode of dealing with the 








sewage and refuse of the township of Marazion,” I thought 
T would write and ascertain what it was the Penzance 
rural sanitary authority expected to get for this munificent 
premium. . 
I enclose their reply received this morning. 

etait Xm ae se ." wb 
accom yy an e re) e es 
given in detail, “and est 2 | by a satisfactory 
guarantee or certificate that the work can be done for the 
amount named,” and “should also show separately the 
approximate cost (and how ee private works to 
pet ot er me &c. The estimate should also show the 
probable subsequent cost of working, and how arrived at.” 
This seems a pretty fair amount of work to expect for 
twenty guineas, even supposing that the payment was 
certain, and had not to undergo the notoriously uncertain 
ordeal of public competition, but the Penzance rural 
sanitary authority evidently consider that this is not 
nearly sufficient work to be done by one who has a 
chance of earning the large sum of twenty . Ac- 
cordingly, after selecting the plan, ‘‘The authority will 
then take measures for bringing plans selected under the 
probally Ghnctin nel teas ter eon ol enema 

ro ct alocal inquiry by one eir ing 
fato the propriety of eo out the scheme, and the 
author will be expected, without charge, to attend such 
inquiry, and explain and support his plans and estimates, 
and in the event of the Local Government Board ap- 
pravng the scheme, either with or without modification, 

ut not otherwise, the author s entitled to the 
premium of twenty guineas, and the plans, with all docu- 
ments accompanying same, shall become the property of 
the authority.’”’ Furthermore, ‘‘The authority hold 
themselves entirely free to entrust the execution of the 
work to whomsoever they choose to appoint. 

I should remark that the words ‘‘twenty guineas,” 
wherever they occur, are always printed in large letters 


. | apparently in order to call particular attention to the 


cence of 

I sy that the local Dogberrys of Penzance consider 
that t is is ** the eftest wa: oF of sucking the brains of un- 
fortunate engineers, but do they really believe that 
well-educated engineer, who knows his profession, woul: 
enter into a competition on such terms? and do they know 
that the question of sew is one involving life and 
death to hundreds of their unfortunate clients, and that the 
unwise economy of a few guineas may constitute them in- 
voluntary homicides. It ap not, or otherwise they 
must have the haziest and faintest notion of what con- 
stitutes a civil engineer, and of the amount of education 
and experience a man must Pewee before he can be 
safely intrusted with the sewerage of even the insignificant 
township of Marazion. 

I should think it improbable that even the smallest local 
builder of Penzance, whose scientific know of sewerage 
ma; thy A the —— of a a barrel —_ 

e time and money necessary to prepare p 
and estimates and attend a board of inquiry to explain and 
defend them, his only chance of re being the gorgeous 
bait of twenty guineas to be paid after his plans had passed 
the double ordeal of the authority and the Board of inquiry, 
** and not otherwise.”’ 

The scheme reminds one of that adopted by coster- 
mongers, who in order to incite their donkeys to activity 
fp ee ~ end of a ven the pole to 

e donkey’s headgear, proac hanging 
before the donkey as a etasl bait. Geivdly our enaghaner 
who responds to the request of the Penzance rural sanitary 
authority is little higher in the scale of intellect than the 
quadruped referred to, and should, in Dogberry’s language, 
“be written down an ass.” 

That such an advertisement is ible, however, shows 
either the depths to which the ession has , or 
the gross ignorance of its q cations and duties enter- 
tained by some of the sanitary boards. 

I am, Sir, yours very sy 
October 6, 1879. M.1.C.E. _ 


m the premium. 





STEEL FORGINGS. 
To THE EpiTor oF ENGINSERING. 

S1r,—In your report of the visit of the Iron and Steel 
Institute to the Mersey Forge, I observe that = name as 
one of the specialities of the Mersey Steel and Iron Com- 
pany “‘ the production em ings of steel first rolled 
Eset einer ere coon 

orgings from wrought-iron scrap,” an i 

forging has been successfully by the of 
the works, Mr. Ratiliffe, and that it eer the 
subject of a paper by him at the Institute’s present 


meeting. 
That such a system of making forgings has recentl 
been introduced at the poy tev in om aware, but =f 
to its being a specialty and eloped by the manager of 
the works, perhaps you will allow me to say a few words. 
In the first place permit me to draw your attention to 
the article in your paper of January 4, 1878, in which you 
describe* my —— ing forgings. You will observe 
that it is substantially the same as that named as a 
speciality of the Mersey Steel and Iron ogee Be In 
each case the forging is made of bars piled and forged 
into slabs, the y difference is: in the’ preparation 
of these bars. Those used by me are made by my 
patent process from steel scrap and steel turnings, the 
resulting material bei i as ‘' fibrous steel.” 
Those now used at the Mersey Forge are bars rolled from 
new blooms. In each case it is a mild steel bar so re- 
duced in carbon as to weld perfectly. ‘The forgings 
duced by such processes are far in advance of any others 
either of iron or steel; they combine the excellences of 


* (Mr. Carmont is in error, we published no such article 
BA an os mee E.] 
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iron and steel while av the faults of both, and I 
as dagoocinhory of Ste eee seapemn baba ih ong ed 
as y of Mr. e’s process, say 
ave a coutanaiodie teas es ed 
process own. aap Sasage Sasa into negotia- 
tions with the Mersey Company to adopt my process at 
their works, and Mr. Ratliffe came to these works to see it 
worked and a crank forging made og for them. I also 
supplied the Mersey Company with a quantity of slabs 
which thay made tale a ctaak. Subsequently Mr. Ratliffe 
telegraphed me to send some samples 
pong to Messrs. Bolckow, ‘Vaughan, and Co.’s en- 
and out of which he proposed to make a pair of 
eae for their new mill. I sent these samples, but Mr. 
Ratliffe refused to submit them because they were stamped 
with my name. 
When Mr. Ratliffe was here on the 2ist of April last 
seeing the material worked, he made the remark that the 
process was a decarboni process, to which I replied yes, 
con further told. him that if Bessemer iron were blown 
sufficiently mild, and plenty of put in it, woe 
when rolled into bars, weld as oa I 
instanced Mr. Hampton (of Steel, my and ampton, 
Limited) having done so, and taken out a patent for its ap- 
lication to armour plates. This is the very process Mr. 
tliffe has adopted as his own. In the face of these facts 
fey it be doubted whence he derived the ideas embodied in 
tem? If not from what he saw here and from what 
T told hime how is it he did not produce his “‘ speciality” 
before? Mr. Ratliffe probably steers clear of my pat. 
but does he keep as clear of Mr. Hampton’s? Mr. 
in his paper eee © to or yo names of the makers of the 
cranks upon made experiments for com- 
parison with and to cacti the superiority of the new process, 
on the ground that it would be unjust and us to do 
so, and I agree with him. Butis it not eq unjust and 
ungenerous to claim to the invention of a process wit 
> ~¥ 80 little to do? ay ie 
need not describe my astonishn.ent on reading his paper 
which, however, was put into the hands of members too 
late for any useful ion (a system much complained 
of at the meeting on Friday), otherwise I should have been 
able to show by comparison of tests that my original pro- 
cees Was 8U to as well as more economical than that 
claimed by Mir, Ratliffe. We have been making forgings 
by it over two years with great and increasing success and 
with the most unqualified satisfaction to our clients, 
hence I may be pardoned the feeling of indignation aroused 
by Mr. e's proceeding. 
W. H. Cagmonr. 


Dees Sent Sad ais, Openshaw, 
Manchester, October 8, 1879 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrppLesBRouGH, Wednesday. 


The Quarterly Meeting of the North of England Iron 


Trade.—Y 


Indeed the latter market 


the material to be | vuled by the former. 
deal of speculation, but the basis of that 
demand on American account. The same remark agplice 
to the Teesside town. Y: 


was sold at 50s. 
ton. There is, 


teresting, 


others. 


iron trade. 


the quarterly meeting of 
Allied Trades held at Middlsbra ugh. 

few days there has been m than 

in the iron trade both at Glaagow and eye ey a 


r ton, and 


aoe, = a attendance at 


= of England and 
For the past 
excitement 


great extent been 
there has been a 
been a genuine 


has 
In the Seotol aif 


No. 3 Clevelan 
y it is down to 47s. per 
belief 


ver, & hao 


ple that trade is really improving, and that allowi 
for fluctuations due to speculation, the prices will coteialt 
in the next few months be 
have been for a long time. 


The Cleveland Ironmasters’ Association Returns.—The 
Cleveland ironmasters’ returns are more than usually in- 
that there is such excitement in iron trade 
circles. They show that of 165 blast furnaces, 82 furnaces 
are in operation, and 83 are idle. 
these returns one blast furnace has been blown in. Pre- 
parations are being made for the blowing in of several 


more remunerative than they 


Since the publication of 


The Finished Iron Trade.—It is to be regretted that 
there is not a corresponding 
There is no improvement in the demand, and 
manufacturers have been compelled to raise their priees 
owing to the higher rates of raw materials. After some 
little difficulty at one or two works in the North of 

England, the oe have eee Dedede of to the te of wages as 

Board of Arbitra’ 


b | arranged by 


pre  ay and Riyledding.- asian is not that 
‘ and shipbuilding 


improvement in the finished | 8! 


which could be 
builders on the Tees have given notice of a 


in engineering 
Sato however, there is afair amount of 
reduction vil wages, and the men have stated “tat before 








Bristol, will s 
calendar, which is 
students in the 
third 576, ¢ of whom 





University CoLLecz, BRISTOL. —University Onan. 
e 


commence its fourth session 
us, states that there were 448 
im the second session ; and in the 
were men and 221 women, 172 came 





in the daytime and 404 in the evening. Good progres§ 
is being made by the engineering department, which is de 
signed to afford a thorough scientific edueation for students 
intending to become mechanical or civil engineers, sur- 
veyors or architects. The course for engineering is such 
that students can pursue it during the six winter months 
of each year, and the council of the college have arranged 
with the leading civil and manufacturing engineers in the 
eee to receive in their offices and workshops 
the summer months, students whose position re- 
iative y to the firms would be that of articled pupils. Many 
of the recent a in the scheme of instraction in 
the co are ye to meet the wants of this depart- 
ment. Professor Main will this year be assisted by Mr. 
Shaw, M.I.M.E., in giving the courses on engineering. Mr. 
Shaw has been a student of the college since its first open- 
ing, -_ after a long course of success, was first by more 
than a thousand marks in the final competition of Whit- 
worth scholars in their fourth year recently held, thus 
securing the chief prizes amounting to 3001. In the ordi- 
nary course on chemistry and in the laboratory care is 
taken to explain the chemical composition and properties 
of the more important materials employed in construc- 
tion, the effects of the atmosphere on them, and the 
chemical principles involved in sewage and ventilation. 
Engineering students in their second year will be invited 
to attend a — course by Professor Letts on metallurgy, 
explaining method of extraction, purification, &c., of 
the useful metals and the p <a peed upon which their 
utility depends. Also a special course by Mr. Sollas, 
ving an account of the structure, properties, and localities 
St “the chief building stones, clays, and other substances 
used in construction ; of the selection and preservation of 
building stones, with practical work in the field and the 
laboratory. Professor Thompson ef ten! @ course on survey- 
ing and another on geometrical drawing, and a special 
course on those portions of technical physics which concern 
the — > ustries. There are in addition general 
courses in chemistry, mathematics, mechanics, experi- 
mental physics, geology, botany, political economy, logic, 
law, modern history, English literature, Greek, Latin, 
ancient history and iteratare, French and German. There 
are evening classes at low fees in most of these subjects. 
The college is also giving, with the co-operation of the 
| Worshipful Company of Clothworkers, instruction at Stroud 
in chemistry and in the textile industries. The subject of 
logic has been edded to the curriculum this year, and 
lectures on it will be given by Professor Fanshawe, Fellow 
of New College, Oxford, who has recently been elected to 
the post of classical professor The opening lecture of the 
session is to be gi by him on Monday, October 6, on 
«The Conditions of of Intallec tual Progress.” 
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CANADIAN RAILWAYS.—No. XXV. 
TORONTO AND NIPISSING RaILWway, 

In the first session of the Ontario Parliament, 
after the confederation of the provinces, two im- 

ortant Bills were brought before the House to 
incorporate companies for the construction of two 
railways on the narrow gauge, and to inaugurate a 
new departure in the history of Canadian enterprise. 
For the preceding ten years everything connected 
with this class of public works had been disastrous 
and discouraging in the extreme, and the extension 
of the system had been in abeyance. Although 
comparatively little home capital had been invested, 
and the benefits derived by the country from the 
roads built, principally by English companies, had 
been marked and undeniable, yet the feeling induced 
by the locking up and probable loss of so much 
foreign money in this class of public works was not 
without its distinct and recognisable results upon 
the credit of the country. 1t was a reproach on the 
community, and every Canadian investment was 
more or less affected because the Grand Trunk was 
financially a failure. People who lose their money 
do not discriminate very nicely as to the details, 
nor perhaps weigh very justly the causes of their 
disappointment, and it was clear that for future 
railways Canada could expect but little sympathy 
on the English money market, and must in some 
way find herself the outlay necessary for these 
essential requisites. The system of narrow gauge 
railways recently constructed in Norway and other 
countries appeared to introduce not only a novelty 
in the establishment of these lines, but to indicate a 
means by which these desirable but expensive im- 
provements might be brought within the means of 
home capital to control them. Perhaps a little 
closer examination might have shown that when 
applied to the cheaply built roads to be found both 
in Canada and the United States, the great economy 
promised was, to a certain extent, delusive, but it 
served to attract a degree of attention to the sub- 
ject that a less sweeping change would have failed 
to command. ‘The railways were badly wanted, the 
old system was condemned as too expensive for 
Canada, and with the new element of economy 
expected to be introduced, the two new railways 
enlisted amongst their supporters and subscribers 
men who would never have been induced to 
contribute towards the construction of a railway to 
be laid down on the ordinary models. The two 
railways, the Toronto and Nipissing and the 
Toronto, Grey, and Bruce, were to run north-east 
and north-west from Toronto, and to save the 
expense of land and damage incident to a separate 
entrance into the city, each proposed to reduce 
their expenditure by using eight or nine miles of the 
Grand Trunk, the one east and the other west of the 
Toronto station ground, and to lay down a third 
rail intermediate between the old main line rails to 
suit their narrower gauge. For this accommodation 
each of these roads still pays a toll to the Grand 
Trunk for each passenger and ton of goods carried, 
Both roads opened up an entirely new district for 
trade and settlement, and both were essential for 
the development and improvement of the country 
intersected and served by them, and the Nipissing 
Railway especially held out to the city of Toronto, 
a benefit which was regarded as a full equivalent 
for the money bonus which the company asked from 
the corporation as an assistance towards its con- 
struction. Forsome years the price of wood for fuel 
had been gradually increasing, good hard wood had 
already reached an average figure of 7 dols. per cord, 
and as each year the forest was being pushed back 
by the advancing settlements, and the land was 
being cleared for agricultural requirements, the dis- 
tance to haul it was being lengthened and the cost 
was necessarily heavier. Coal was not then so 
accessible as at present, and the construction of the 
Nipissing Railway meant a general reduction in the 
cost of living which was universally applicable. In 
the Act of Incorporation a clause was introduced 
binding the company to “carry cordwood or any 
dry wood for fuel at a rate not exceeding 2} cents 
per cord per mile from all stations exceeding 50 
miles, and at a rate not over 3 cents per cord from 
all stations under 50 miles, if in full carloads; and 
for greenwood at a rate not to exceed 2} cents 
per ton per mile ;” and another clause provided that 
the cordwood traffic should be free and unrestricted 
and be carried to as large an extent and with the 
same facilities as any other freight. As a cord of 
wood, that is, a pile 8 ft. long 4 ft. wide and 4 ft. 
high, weighs over 1} tons, these prices looked very 





reasonable, a large area of fuel land was at once 
made available for the consumption of the city, and 
which could be delivered at a very much reduced 
price, a valuable economical element was introduced, 
and the railway scheme took the popular fancy. 
Canadian railways were at that time on the 5 ft. 6 in. 
gauge, a reduction to 34 ft. with a corresponding 
economy in the weight of rolling stock, expense of 
construction and maintenance, and the large cord- 
wood trade to supply a city of 60,000 people asa 
backbone for the traffic, looked on the surface as a 
feasible investment, and 200,000 dols., about one- 
fifth of the estimated cost of construction, was im- 
mediately subscribed by Toronto merchants and 
capitalists. The city of Toronto gave as a bonus 
150,000 dols., and other municipalities voted dif- 
ferent sums for the purpose of assisting its establish- 
ment to the ultimate amount of 386,500 dols. Be- 
sides this the Ontario Government voted 2000 dols. 
per mile for the first 334 miles, and 3000 dols. on 124 
more, their total bonus amounting to 104,860 dols., 
which with the municipal funds made a cash sub- 
scription of 491,360 dols., nearly half the estimated 
cost as a gift tothe company. ‘The share capital 
actually paid up was 193,350 dols., and up to the 
end of 1873 bonds had been issued principally to the 
friends of the undertaking to the amount of 
673,000 dols., making the total receipts on capital 
account 1,357,710 dols. with which the road was 
opened from Toronto to Coboconk, 88 miles from 
Toronto, or about 15,500 dols. per mile, say, 3200/. 
sterling per mile, or only 2000/. per mile bearing 
interest. 

The road is a surface line throughout, curves 
and grades of some severity are allowed, and the 
earthworks only averaged 9000 cubic yards per mile. 
With the exception of a bridge over the River Rouge, 
20 miles from Toronto, comprising three spans of 
44 ft. each, in addition to 64 ft. of trestling, and 
another bridge over an arm of Balsam Lake near 
the northern terminus, there are very few structures 
upon the line, and all of timber. The rails as 
originally laid down were 401b. weight of iron, the 
rolling stock was light, and the whole construction 
economical in design and adapted to the limited 
traffic anticipated. 

The company have their own terminal station in 
Toronto, with wharfage accommodation on the 
harbour side, passenger station, engine, and freight 
sheds, from which the line passes directly on to the 
Grand Trunk main line, which it follows on a third 
intermediate rail for 9 miles to Scarborough, the 
first station east of Toronto. Hence it turns north 
from the main line for 14 miles, then north-east to 
the 65th mile, where it crosses the Midland Rail- 
way, then north to its terminus at Coboconk, where 
it strikes the inland navigation of a chain of lakes. 
The line to Uxbridge, 41 miles from Toronto, was 
opened in July, 1871, and the remainder in the 
autumn of 1872. The next year a line was projected 
leaving the road at Stouffville, 29 miles from 
Toronto, running due north to Lake Simcoe, 264 
miles, which was completed by a separate company 
and opened in 1877. By an arrangement between 
the two companies this Lake Simcoe Junction Rail- 
way is worked by the Nipissing Company, who find 
the rolling stock and pay the proprietors 25 per 
cent. of the gross receipts, the two roads being 
otherwise worked as one, making 114} miles 
operated by the Toronto Company, all on the 
3ft. 6 in. gauge. ‘There are no important places on 
the whole distance, as an agricultural district it is 
scarcely equal to the average of the Upper Canada 
peninsula, and a great deal of the land at the 
northern end of the road is only very indifferently 
adapted for farming. From Scarborough to Lake 
Simcoe the main line and branch make nearly a 
north and south line parallel to and only about 14 
miles distant from the Northern Railway, which for 
20 years before this line was opened absorbed the 
whole of the Toronto traffic from Lake Simcoe, To 
the east of the road the Whitby and Victoria rail. 
ways offer another parallel route from Lake Ontario 
to the inland waters of the Balsam chain of lakes 
averaging not more than 10 miles distance, so that 
the area of land served by this railway is scarcely 
12 miles wide, and by no means apparently adapted 
to support a railway 114 miles long. It has, how- 
ever, turned out a very fair speculation, it has carried 
out its promises to the city of Toronto, supplies it 
with excellent fuel at a saving in price equal to more 
than 100,000 dols. per annum, has opened up a new 
and valuable strip of country to which it is an un- 
mixed benefit, has paid regularly the interest on its 


laid down and paid for out of revenue a new lot of 


50 Ib. steel rails, and is at this moment perhaps the 
best managed road in Canada, and in its limited 
sphere one of the most progressive. From the first 
it has paid its way fairly, the receipts for the first 
year’s working were 183,896 dols., showing a balance 
over its working expenses of 69,338 dols., and after 
paying the interest on the bonds leaving a margin 
of 21,248 dols., as the net profit on an invested 
capital of under 200,000 dols. Since then its re- 
ceipts have been well maintained, the works and 
equipment have had considerable extensions and 
improvements, paid for out of revenue, and an 
excellent set of repairing shops sufficient for its re- 
quirements have been built at Uxbridge,- 

There are several things to see and to learn on this 
unpretending little railway, and probably the most 
important to record is the novel and ingenious ar- 
rangement for supplying the tenders with water, 
the invention of Mr, Haggas, the locomotive super- 
intendent, whose patent it is, The principle in- 
volved is the ordinary ejector, which is attached to 
each engine, and which thus carries the means of 
filling the tender at any stream or watercourse 
crossed by or near the railway. The apparatus on 
the locomotive isa bent cast-iron pipe, 4 in. in in- 
ternal diameter, at the angle swelling out into a 
globular expansion, as shown in the drawing on the 
next . Asteam pipe opposite to and in a line with 
the discharge pipe gives the necessary force, and as 
soon as the steam is turned on from the boiler, a 
stream equal, with this size, to about 350 gallons of 
water per minute runs into the tender, and what is 
of great importance to the economy of the locomo- 
tive working, at an increase of from 25 deg. to 30 deg. 
over the initial temperature of the water entering 
the injector. Nothing can be more simple and 
efficient, and the cost of attaching the apparatus to 
each locomotive is not more than 5/. or 6/., against 
the entire saving of all the tank establishments 
requisite under the ordinary system, In practice, 
wherever it is desirable to take water, a wooden 
trunk or box marked H in Fig. 1 is put down 
to the water level on each side of the rails, for the 
double purpose of protecting the water from freezing 
in the winter, or the falling in of earth or foreign 
matter, and for the support and protection of a 
vertical cast-iron pipe marked C, 4 in. in diameter, 
with an elbow at its upper end which can be turned 
round towards the engine when in use, or into the 
covered box when out of service. This box or trunk, 
Figs. 2 and 3, projects about 3 ft. above the level of 
the rails and is generally about 3 ft. distant from them 
on each side, so as to be completely out of the way 
of a passing train. Each engine carries a short hose 
pipe, marked B, with turned glands, which may be 
slipped on to the fixed stand-pipe C at one end, and 
on to the elevator A at the other end, whenever the 
engine requires to take water, the whole connexion 
being made almost as soon as a water crane can be 
es in position over the tender. There is no 
eakage or slopping of the water round, and when 
the tender is Billed the short hose is taken off, the 
stand-pipe turned round in its box, and everything 
is snug and out of the way till wanted again. To 
test the quantity of water raised, a tender of 1750 
gallons capacity was run on to the wharf at Toronto, 
and filled through a hole broken at random in the 
ice to overflowing in 44 minutes, the issuing water 
having a temperature of 60 deg. Of course, if 
necessary, a larger quantity could be raised by 
having a larger sized injector, but the size used, 4 in., 
answers in practice every requirement. The savin 
effected by this system is best shown by the actua 
cost of supplying water to this railway before the 
‘¢ elevator” was adopted, the whole of which is now 
economised, the tank-houses having been dismantled, 
and either converted into dwelling-houses for the 
labourers, or applied to some useful purpose for the 
railway. 

In maintaining a tank-house there is the cost of 
labour, fuel for pumping engine, and for heating 
stoves ; oil and waste for engine, wear and tear of 
machinery, tank, stove, and pipes, repairs to the 
delivery pipes, labour in banking up the house, 
and making it frost-proof, and a number of small 
items. 

On the Toronto, Grey, and Bruce, where the 
same system is wey oem exclusively, the saving per 
annum taken from their books is given at 4940 dols. 

r annum, being per mile about the same as in the 
following Table. On the Prince Edward’s Island 
Railway, 190 miles long, on this same gauge, the cost 
of water supply on the tank and pumping system is 





bonded indebtedness, has improved its rolling stock, 


about 1} cents per mile run by the engines, and 
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HAGGAS WATER ELEVATOR. 
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this is about the same on the Intercolonial, all of 
which might be saved by this useful little con. 
trivance. The following Table shows the amount 
of wages and cost of maintenance of tank-houses, 

r annum, saved by using the steam elevator on 
the Toronto and Nipissing Railway. 
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a | 
Station Labour, 5 |Mai and Pumping 3 
8 8 
< < 
dol. dol. 
Coboconk... inti ess] see | Tank-house ... .| 100 
Victoria-road, one man’s on } a 
Eldon ... one han cca] coe am 100 
Midland Junction .., 100 


Cannington, one man's| Pumping engine and tank- 
eee eee oes house eee eee | 313 











wages 391 
Uxbridge ... | Tank-house .., 200 el 
Pumping engine and tank. | 
Stouffville house eco ne evel 
Pumping engine and tank-| 
Unionville, one man’s wages| 391} house ‘i ite eve} 313 
Scarborough Junction .. | Tank-house .., w-| 100 
Toronto ase eve ces cee | Water works «| 400 
Sutton, one man's wages ...| 313) Tank-house .., -| 100 
Mount Albert water ex- 
penses and sundries eee ++| 200 
1408 | 2126 
Station wages -++| 1408 
Miles, 114) Total saving perannum .. | 3534 





It is found necessary in this country to provide a 
supply of water for the tenders about every 14 miles, 
Although the tenders are large enough to carry 
water for a very much longer distance than this, 
contingencies arise that prevent any nice calculation, 
pumps fail, tanks require repair, ballasting and 
assistant engines run between stations, snow storms, 
accidents and delays have to be provided for, and 
this distance is practically as long as it is safe to be 
without a water supply. They were so provided on 
this railway, but under the new system where the 
expense is so inconsiderable and the maintenance 
nothing, at least double the number of watering 

laces have been provided with the sts nd-pipes ready 
‘or use, and the distance to run for water in case of 
need is seldom over half the usuallength. The cost 
of the water supply is absolutely wi/, and even the 
little steam taken from the boiler is used at a time 
when the engine is standing, and, therefore, when it 
is not required elsewhere. Nor is it lost even then, 
for the increased temperature of water in the 
tank accounts for the heat that has been ab- 
atracted from the boiler. An experiment to test 
this was made at Uxbridge ; a pipe exactly the same 
size as the steam pipe in the elevator was fitted to 
an engine, and carried into the ordinary hose pipe 
between it and the tender. The time taken to put 
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700 gallons of water into the tank by the elevator 
was exactly noted, and steam was subsequently 
passed through the pipe direct from the boiler for 
the same space of time, and to the same quantity of 
water, in the usual way that an engine blows the 
waste steam into the tank. The elevator raised the 
temperature of the water 22 deg., the steam pipe 
direct into the tender only 20 deg., the time and 
quantity of the water being the same in either 
case. 

The absolute saving under Mr. Haggas’ system 
may be stated in construction, as the difference 
between one tank-house and the fitting of three 
locomotives, assuming one engine required for every 
five miles of railway ; and in working expenses the 
whole of the ordinary cost of obtaining water is 
completely economised, say, a halfpenny per mile 
run by every engine on the line. The system is 
being adopted very generally by Canadian railways, 
and there is scarcely a place Ba it is not appli- 
cable. It is equally convenient for a supply of 
water for washing out boilers, and a station tank for 
other purposes can be filled by a passing locomotive 
with a few minutes’ delay ; one engine in steam can 
fill another that is empty, and by a cheap appliance 
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every locomotive on the line may be converted into 
a portable fire-engine. 

In one respect the Nipissing Railway has an 
advantage which is not often associated with 
Canadian roads. At an early date in its history 
Messrs. Gooderham and Worts were largely con- 
nected with it pecuniarily, and Mr. William Gooder- 
ham became managing director. The same energy, 
business tact, and command of means that have 
built up the enormous establishment which these 
gentlemen own on both sides of the railway, at 
Toronto, have assisted this railway and made a 
success of what in other hands must have been a 
miserable failure. Their own business alone sup- 

lies a large traffic, and capital is always available 
or purchasing timber or cordwood, or any neces- 
sary purpose. The cordwood used for domestic 
Yo omg requires twelve months’ seasoning before 

ing used. The railway company purchases any of 
the greenwood offering at the stations, leaves it the 
requisite time in store to season, and sells it on its 
own account when ready for the market, and by 
this means secures a large business that otherwise 
it could scarcely command. 

The large massive buildings to the north of the 
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Nipissing and Grand Trunk Railways near the 
terminus of the former line at Toronto are Messrs. 
Gooderham and Worts’ distilleries, an establishment 
which has grown up in eighteen years to be the 
largest in Canada, and probably one of the largest 
in the world. The business is confined to the dis- 
tillation of alcohol, or high wines, and of Canadian 
whisky. A siding in connexion with all the rail- 
ways enables the cars of any of the converging lines 
to bring grain to the works and to take away its 
roducts. ‘The firm use 4000 bushels a day, and ten 
rge eight-wheel cars are on an average unloaded. 
Everything is done by machinery, and after the 
grain has passed from the car into the shoot, which 
runs it into the receptacle below, every other move- 
ment is mechanical. Itis elevated to the top of the 
mill, submitted to different cleansing processes; 
then fed into one or other of the eight pairof burr 
stones where it is ground, Again elevated, it de- 
scends as required into the large mash tubs, where 
it is mixed with filtered water, boiled and run out 
into coolers. Pumped from one large vat into an- 
other for the different processes, it is fidally passed 
into the stills where the pure spirit is extracted. 
Fifteen gallons of ‘‘ wort” are required to maké'one 
of ‘high wines,” which’ ¢omes from the stills aaa 
pure colourless limpid fluid 65 deg. over proof. As 
it escapes from the stills it overflows through a 
copper pipe exposed to view under a glass e 
which is carefully locked down. A gauge floating 
in the issuing fountain shows the strength of the 
spirit, whilst another gauge tells accurately’ the 
quantity produced. On the unbribeable readings 
of this tell-tale case the firm pays the excise duties, 
which amount on an average at this establishment 
to 10,000 dols, per day, of each working day, or 
over 2,000,000 dols. for the season. The present 
excise is one dollar per gallon on proof spirit, in- 
creasing according to the strength, and the Govern- 
ment have their own officers constantly on the 
works,'to gauge the strength and quantity produced, 
These “‘ high wines” find their way for consumption 
to a number of purposes, and one firm in New York 
takes an average of 10 tons per week from this estab- 
lishment for the manufacture of a popular scent 
known in the chemists’ shops as “ Florida water.” 
The portion intended to be manufactured into ‘old 
rye” or Canadian whisky is pumped forward across 
the street to a second distillation, the principal 
object of which is to take out the “ fusel oil,” the 
presence of which is the deleterious poison injurious 
to health, and which in less carefully prepared 
spirit causes the intoxication and brain disturbance 
but two frequently witnessed. In this second dis- 
tillation advantage is taken of the fact that ex- 
tremely pure spirit evaporates at a very low tem- 
perature. The stills are heated by coils of ‘steam 
pipe, and any degree can be secured to a nicety. A 
ow temperature is therefore first employed, when 
only the purest spirit passes over, a higher tem- 
perature follows, when different alcoholic produces 
are distilled, and when cold the “fusel oil,” pure 
and colourless, floats on the top of the watery mix- 
ture remaining. There was formerly a sale for this 
‘* fusel oil” for burning fluid, but of late years the 
cheapness and safety of kerosine has done away 
with this, and the firm now does not sell this 
dangerous fluid, but passes it into the furnaces 
which raise the steam for the different processes. 
Canadian whisky is*not the trash retailed in 
London gin-palaces to the terrible detriment of 
morality and progress, but a pure spirit, as free 
from objection as any alcoholic drink can be. It 
has not yet been introduced into the European 
market, but is undoubtedly a great improvement over 
the great bulk of spirituous liquor now sold there. 
Within the last year or two American rye whisky, 
which is of the same nature, but not generally so 
ure and wholesome as the Toronto product, has 
come an article of export from the States. In 
the fiscal year ending June 30th, 1878, the United 
States exported 5,500,000 gallons, double the quan- 
tity shipped the year before, ani of this quantity 
3,300,000 gallons were exported in the last four 
months of the year, or at the rate of 10,000,000 
gallons per annum. If people will drink, the purer 
and less detrimental the article supplied to them 
is, the better for the cause of real temperance, and 
any movement that does away with the vending 
of poisonous beverages is a step in the right direc. 
tion. 
One of the important products of a distillery is 
the remains of the “‘ wort” after the spirit is taken 
away, irreverently called ‘‘swill,” but which is 
really the most nutritious and valuable food on 


and | each of the Allan steamers. 





which cattle can be fattened for the market. At 
the time of this present writing 2600 head of cattle 
destined for the English market are being fattened 
in the immense ‘ byres” in connexion with this dis- 
tillery. The residue from the mash-tubs, unlike the 

rocess for brewing ale, retains nearly all the fatten- 
ing and properties of the original grain, all ex- 
cepting the spirit is there, and during all the processes 
nothing deleterious has been added. These cattle 
sheds, conveniently situated near the railway, the full 
capacity of which is 3000 head, possess an interest, 
which in the present state of the cattle trade across 
the Atlantic, is of vast importance to Great Britain. 
Till lately these cattle were slaughtered in a neigh- 
bouring establishment, which exported for the last 
two or three years an average of 600 quarters by 
Every precaution was 
taken to send this forward in the best state, the 
abattoirs were scrupulously clean, and the meat was 
rm throughout in contact with ice. Before being 
shipped each quarter was carefully sewn up in 
eanvas, and handled throughout by cranes and 
hooks which were passed into the canvas and not 
into the meat. - In the transit by rail to the seaboard 
they were hung from the roof of the cars, and the 
meat itself was never touched. At one end of these 
éars was a receptacle for ice which could be re- 
plenished from the outside without opening the 
compartment where the meat was hanging. In the 
floor of the ear a small fan blast was fixed into the 
timbers of the frame worked by a pulley in frictional 
contact with another pulley keyed on to one of the 
axles, by which means a current of cold air was 
drawn through the ice compartment and distributed 
through the beef, subsequently escaping through 
suitable openitigs in the roof. These refrigerator 
cars were kept solely for this trade, but with all the 
care the long transit and the time occupied was 
objectionable, and the shipment of the live cattle, 
especially in the summer, bids fair to supersede all 
these arrangements for exporting the dead meat, 
and to be the best means in the future for Canada 
to supply the markets of the old world with the 
fresh meat of the new. 








THE CERRO DE PASCO SILVER MINES. 


Tue richest and most extensively-worked silver mines 
of Peru are those of Potosi and Cerro de Pasco. The 
latter are situated on a plateau 14,000 ft. above the sea, 
on the eastern side of the Western Cordilleras of the 
Andes. These mines were discovered about 1630, and 
their estimated product from that date to 1849 was 
475,000,000 of dollars, or about 2,000,000 dollars a year. 
Between 1790 and 1820, during which time seven govern- 
ments ruled over the country, no iess than 101,476,000 oz. 
of silver were extracted. For many years the mines were 
closed, and they were consistently worked upon primitive 
methods until 1869, when the Peruvian Government en- 
tered into a contract with thelate Henry Meiggs to estab- 
lish extensive stamping mills and other plant, and to 
drive adits for developing the mine. We propose shortly 
to publish drawings of these mills, with other illustra- 
tions, and till then defer any further notice of these cele- 
brated mines. We give this week, on page 304, a general 
plan of the workings, the figures on which indicate the 
numbers and positions of the various claims, and on the 
preceding page are a number of illustrations of the 
workings, &c. For the illustrations we are indebted to 
our contemporary the American Engineering and Mining 
Journal. 








THE REMOVAL OF PHOSPHORUS FROM 
I 


Washing Phosphoric Pig Iron for the Open Hearth and 
Puddling Processes, at Krupp’s Works, Essen.* 
By A. L. Howey, C.E., LL.D. 

Tuts process is performed in the Pernot puddling fur- 
nace ; it removes from 75 to 80 per cent. of the phosphorus, 
and practically all the silicon, from crude iron, in from 
5to 8 minutes. It has been in regular use since March, 
1877, and has produced over 17,000 tons of washed metal 
for the open hearth furnace. During two years, nearly 
all, and lately, all the open-hearth steel produced in these 
works has been made from about 5 tons of washed pig and 
2 tons of serap per open hearth furnace heat. There are 
twelve open-hearth furnaces, of which four to nine are 
running, according to the state of orders. A large amount 
of hight phosphoric iron from France and Belgium has 
been also washed and then puddled for parties who have 
taken, or are expected to take, licenses. The washing of 

ig puddling, however, is not a practice at Krupp’s works, 
 & Aer pure pigs are nearly as cheap as impure ones. 

The author and his assistant, Mr. Laureanu, spent, 
daring the last month, three days at Krupp’s works, 
examining this process. They copied out of the office 
books many characteristic analyses and physical tests, 
someof which are given herewith. They also brought 


* A paper read at the Montreal Meeting‘of the American 
Institute of Mining Engineers. 











home many samples of pig, cleaned metal, puddle bar, and 
steel, which they saw treated.* 

As there are no blast furnaces at Essen, the iron is 
melted in two Bessemer cupolas with fore-hearths ; they 
melt 12} lb. of iron with 1 Ib. of coke. The metal is run by 
a spout from the fore-hearth into an‘opening at the side of 
the main door of the washing furnace. 

The Washing Furnace.—This is a regenerative gas 
furnace. It hasa Pernot revolving hearth of 12 ft. external 
diameter and 3ft. depth. The four regenerator chambers 
have 780 cubic feet capacity, which is about the same as the 
average regenerator capacity of open-hearth steel furnaces 
of equal tonnage. The lining is 13in. thick on the sides 
and 9 in. on the bottom, thus giving a hearth 9 ft. 10in. by 
2ft. 3in. deep. The lining is composed of lumps of highly 
refractory ores roughly fitted together, the interstices 
being filled with fine ore, and the whole being glazed at a 
melting temperature. Large lumps are pl on the sides 
and smaller my + on the bottom. When the fine ore has 
melted and run between the lumps, more fine ore is put on 
and melted, until the lining becomes monolithic. The 
hearth is then fettled. 

The Fettling.—This averages 20 per cent. on the pig-iron 
charge, but more is used with irons very high in phosphorus. 
Iron ore alone has been used; also hammer scale alone ; 
usually ore with a little hammer scale is employed. The 
charges run out very clean and hot. After each heat, the 
gas is turned off for five minutes while the tap-hole is 
turned on the high side and redressed. The bottom sides, 
or lower part of the slopes of the hearth, which have been 
most eaten out during the process, are then filled with 
fettling ore wet up with just enough water to make it 
stick together, so that it can be readily handled and so that 
it will not blow over into the regenerators. A long- 
handled, large, shallow spoon is placed across a bar in the 
charging door. One workman shovels the fettling into 
the spoon ; another throws it out of the spoon against the 
slope. After each two or three spoonfuls, the hearth is 
revolved a little, so that the fettling is always conveniently 
dropped in the same place, relatively to the door. This 
operation occupies 16 to 20 minutes. 

The fettling should contain a minimum of silica, 6 per 
cent., and a maximum, 15 per cent. If the silica exceeds 
15 per cent., or if the silicon in the pig exceeds 1 per cent., 
it is best to add as much lime as there is silica in the ore (a 
little lime is always useful) ; if the silica is less than 6 per 
cent., the fettling will not adhere. 

The maximum temperature, which is above high puddling 
heat, but considerably lower than open-hearth steel heat, 
is kept up between, as well as during the operations ; this 
temperature slightly melts the surface of the fettling, and 
sometimes melts furrows 2in. or 3in. deep, in the less re- 
fractory parts. During this time the hearth is revolved 
three or four turns per minute. 

The Irons Used.—The charge is from 5 tons to 7 tons— 
usually 5 tons. Messrs. Bender and Narjes, who have de- 
veloped the process, insist that at least 0.30 per cent. of 
manganese is essential to the most economical result, even 
if it has to be added in the shape of spiegeleisen, They 
prefer 1 per cent. manganese. It seems quite certain from 
analysis that manganese protects carbon from oxidation, 


jand so keeps the bath very hot and fluid until the phos- 


phorus is removed. Carbon should also be as high as pos- 
sible—at least 2.7 percent. As little as C. 2.5 per cent. has 
been employed, but 3 per cent. is preferred. 

Silicon should be as low as possible. If it is higher than 
1 per cent. lime also must be added ; there is a greater waste 
of fettling, and the operation is prolonged. ‘The silica in 
the slag must be less than 20 per cent ; if it runs from 20 
to 30 per cent., only 20 to 30 per cent. of phosphorus can be 
got out of the iron. 

For steel, the pig iron used averages 0.70 to 0.80 in 
phosphorus ; this element, after washing, is reduced to 0.10 to 
0.15, and may be still further diluted by pure scrap. Silicon 
and manganese are reduced to traces. Table I. gives an 
average result. A large amount of fluss-eisen is made 
containing phosphorus 0.15 to 0.20; but the carbon is about 
0.08, and the silicon very low. This metal has an elastic 
limit of 15 tons to 18 tons, an ultimate tenacity of 26 tons 
to 30 tons, and an elongation of 23 to 29 per cent. 

TaBiE I.— Phenix Pig. cleaned for Open- Hearth Steel. 









































— c. | Si | P. | 8. | Mn | Cu. 
Rawpig .. .. | 3.00 0.39 | 0.74 | 009 | 2.32 | 0.14 
4 min. washing ... | 3.27 | 0.02 | 0.16 | 0.024| 0.038 | 0.15 
5s ” cso .. | 3.27 | 0.01 | 0.146) 0.026 | 0.116 | 0.14 

at pa | 3.32 | 0.023 | 0.106 | 0.029 | 0.058 | 0.143 
| | 
| " | 
j ’ 
Ss is sl = le | 
| | ¢ | > | mC 
es glegle.|2\¢laulay| # 
2 22g4| 8 | 235/23) & 
@ O46") < | 3 <a") 5 
| | 
Slag ... 13.0 siolte6 in 0.7| 6.0] 0.2! trace 
| | | 
Total, 
Ib. Ib. 
Cleaned pig 11,000 
Open-hearth charge {ste turnings ... . 1,650 ¢ 12,848 
50 per ct. ferro-mang. ... 198 
| | | 
— co. | | P. | 8s. | Mn. Cu. 
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Steel plate... ooo 0.10 | 0.025 | 0.081 | 0.03 | 6.194 | 0.11 
Steet Pilate: 2 
Tenacity, lengthwise ... 25.87 tons 
e crosswise . ove 26,20 ,, 
Elongation, lengthwise - 29to bo per ct. 
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= crosswise ose 


* The analyses of these samples are not yet completed. 
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TaBLE II.—Ilside Pig, cleaned with Ilside Ore, for 


These arrangements are obviously not so convenient as 
they could be made in a new it. The washed iron 









































Puddling. 
—— = 
a 7 2 | 
=) ° é 2 5 lo | 
‘ : B | ss © und is o! gs 
8 |35/2a| 8 £ |&| ss 232 
S | Khe | kS is a & | og leq s 
n | ° ° < 4 a | Be jO *| 
Cleaningore| 4.80| 52.60] 8.36|1.20] 11.73|0.80/ 3.83 |7.90 7.88 
Slag an oT 41.00 | 19.30]2.00] 7.30 |0.70 |20.00 
* Limit of saturation, 23 per cent, 
— | C. | Si. A | Mn. 
Raw pig 2.50 {oa } 2.92 2.61 
Cleaned pig ... 2.40 traces He } traces 
Puddle bar 0,088 | 











TaBLR III.—Luzemburg Pig, Cleaned for Puddling. 
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I 2 e » 
mg g| /8l4,/#le 
o~ giesig.|8|2/§| 23/2 § 
3 Es =|2 
a S8|84| 2/3/83 /&<|2 |e 
Cleaning ore 7.6 65.0} 0.2| 3.0|10.2| 2.7) 2.2 | 0.1) 9.0 
Slag ... “7 9.5'70.3| 21) 41) 1.9) 0.3) 11.5*| 0.3 
| 
* Limit of saturation, 16 per cent. 
— | oC. | Si. P. | Mn. 8. 
. 3.40 0.46 2.23 | 0.18 0.16 
Raw pig 3.10 0.59 2.09 | 0.19 | 0.38 
Cleaned pig ... Trace { cae} Trace 
Puddle bar ... ove f ert None 





For puddling, the highest known amount of phosphorus 
in the pig, say 3 per cent., may be washed ont to P. 0.65 to 
0.90, and this in puddling is reduced to 0.06 to 0.15. The 
U.S. Test Board’s experiments on chain cable irons show 
that much more phosphorus than this, if carbon is low, 
may exist in the toughest irons. Tables II. andIII. give 
average results. 

The Washing Process.—The crude iron charge from the 
cupola is from 5to 7 tons. It begins at once to bubble in 
the Pernot hearth, from the mechanical action of pouring. 
As soon as it is all in, the revolutions of the hearth are in- 
creased to 11 per minute. Large blotches of slag soon 
appear, with iron spouting thoongh ; but this is no criterion 
of the state of the bath. Usually in 24 or 3 minutes from 
the time the iron begins to run into the furnace, the bath 
rises and the slag flows more or less out of the joint be- 
tween the revolving hearth and the roof. If the slag rises 
earlier than two minutes, the speed of rotation is decreased. 
The rising of the bath somewhat represses the bubbling. 
The rising lasts about two minutes ; and after it has fallen 
a little, the carbonic oxide, with its characteristic e, 
begins to blow out, the bubbles on the surface of the bath 
increase largely in diameter, upto 6 in. or 8 in., and are 
broken here and there by iron spouting through; the 
ebullition seems a little more sluggish than at the first 
stage of the operation, but the bubbles are much er, 
and increase more and more in size and number as the 
operation advances. The spouting iron, toward the last, 
rises from 6in. to 10 in. above the bath, and presents the 
appearance of a miniature forest of trees. The bubbling is 
not, however, as lively as that of the pig-and-ore bath, be- 
cause the temperature is lower. Theclose of the operation 
is indicated by a rather sudden and voluminous generation 
of carbonic oxide and of spouting due to its release. The 
tap-hole is then brought around to the spout, and the fur- 
nace is tapped as soon as possible. Flame constantly blows 
out of the openings in the furnace from three causes—the 
slight gas plenum, the rapid revolution of the hearth, and 
the generation of carbonic oxide. 

The time of the washing operations witnessed averaged 
between five and eight minutes. Rich fettling, of course, 
shortens the time. The tapping, from stopping the rota- 
tion of the hearth to opening the tap, averaged two mi- 
nutes, and the time from stopping the hearth to _— the 
ladle for the open hearth, or the pig-bed for puddling, 
averaged five minutes. 

Running Out.—The washed iron invariably runs out 
much hotter than it went in; no;iron nor slag remain in 
the furnace. The ladle for one line of open-hearth furnaces 
stands in a pit about 20ft. from the tap-hole ; the other 
ladle is about 50ft. away. Some slag runs out with the 
last of the metal; this runs over the ladle into a spout 
which conducts it to a slag-pit in the floor. When the 
metal is all out, a section of the furnace-spout is moved 
laterally, to run the bulk of the slag into a pit. One ladle 
sits in a car which is raised to the general level by a hy- 
draulic lift and is then drawn to the front of the open- 
hearth furnace ; the ladle is tapped into a spout 12 ft. lon 
leading into the furnace door. The other ladle is rai 
out of its pit by a locomotive crane, which also transports 
it to the open-hearth furnace. The metal may be held in 
the ladle 20 minutes without perceptible chilling. 

The pig bed for receiving washed iron for pulling begins 
about 20 ft. from the furnace tap-hole. The that runs 
out with the metal is partly stopped by a skimmer and 
partly run off the end of the sow. When the metal is all 
out, a section of the spout is moved laterally to run the 

into a pit, or the furnace tap-hole may be moved 


Id also be kept fluid for puddling as well as for the 
open-hearth ; in these works it is remelted in a cupola, as 
the puddling plant is a long way off. 

Output of the Refining Furnace.—The operation and 
the repairing and heating (} hour) of the new fettling 
occupy altogether, on an average, 1} hours, so that nine 
5to 7 ton heats may be eperturn. The regular output 
is 80 to 90 tons per 24 hours, and the re; wages are 
based on 80 tons; a large bonus is divided among the 
workmen on an excess of product. It is obvious that one 
washing furnace could keep one very large or two medium 
blast furnaces going. 

Waste.—As the impurities of the iron are removed by the 
oxygen of the ore, there is no waste of iron, ae 1} to 
2 per cent., which is mechanically entangled in the slag, 
and is thus wasted, unless the Se is cleaned. The ore 
comes out as slag; it is too highly phosphorised for use in 
the iron manufacture, but is worth about 40 cents per ton 
to silver and Jead smelters. 


usually consists of 5 to 5} tons of washed pig and 2 to 

tons of scrap, not preheated. With this charge, a } ton 
of ore is used in the open-hearth furnace; but, with a 7 to 
8-ton charge of washed pig, without scrap, 1 ton- of ore 
would be used. Some 8-ton heats, with 3 tons of scrap, 
were observed. The time of making a 7-ton lopen-hearth 
heat, as observed, averaged seven hours, and the time re- 
pairing the furnace between heats was'about one hour. The 
increased output by using washed pig in the proportion 
mentioned, as compared with the old pig and scrap process, 
is about 1 ton per furnace per shift. e waste of iron is 
also considerably decreased by reason of the low silicon. 
The principal products are tyres, axles, plates, and forg- 


Cost.—At Krupp’s works, the washing costs 
about as follows per ton of open-hearth steel: Mixture of 
irons, 12 dols.; cupola melting, 85c.; washing, including 
fettling, repairs, fuel, labour, &c., 1.25 dols.=say, 14 dols. 
Bessemer pig, however, costs but about 15.25 dols., so that 
only 1.25 dols. profit is realised. Members can readily apply 
these figures to different conditions in various parts of the 
United States. Cupola melting is, of course, unnecessary 
if blast furnaces are near. 

The men employed at the washing furnace are one 
melter, one helper, and two or three labourers who wheel 
ore and slag ; also pig-bed men if blast furnace metal is not 
used direct. The steel furnace labourers get the metal 
from the washer to the steel furnace. 

The washing process is without value to the Bessemer 
manufacture, which depends upon silicon for its con- 
verting heat. Repeated experiments in blowing washed 
metal in a gas-heated converter have been unsuccessful. 

Repairs of Washing Furnace.—The hearth is mrtg 
but not always, pulled out Saturday night to repair the 
lining by means of lumps of refractory ores. The lining is 
usually kept good by the daily fettling. The roofs last from 
six to nine months, excepting the parts around the ports, 
which last from five to seven weeks. The regenerators must 
be cleaned every two months. 
~ Experiments at St. Chamond.—The author learned at 
these works, as well as at Essen, the results of these experi- 
ments (July, 1879), upon which a Krupp license has been 
taken by the St. Chamond Company. About a dozen 
charges of Moselle pig, containing phosphorus 1.90, were 
washed in a Pernot steel furnace, with ore lining, and 
yielded phosphorus 0.39 to 0.40. Charges of cold-washed 
pigs 60 to 65 per cent. and hot scrap 40 to.35 per cent. were 
made into steel in four hours in a Pernot furnace. Messrs. 
Narjes and Bender, therefore, confidently predict an output 
of 80 to 90 tons of ingots per 24 hours from washed pig 
Pa such Pernot furnaces as are erecting in the United 

tates. 

Puddling.—The washed pig should be run direct from 
the washer to the puddling furnace. The arrangements at 
Krupp’s works, however, require that it should be remelted 
inacupola. The reason of remelting in a cupola rather 
than in a puddling furnace will be understood by iron 
makers. It is difficult to keep the washed metal fluid 
during ual decarburisation. The metal first melted in 
the puddling furnace comes to nature, and incloses some 
crade metal, thus preventing its conversion. This might 
be remedied ; perhaps, by more mechanical agitation; but 
in Krupp’s practice, premel metal yields 0.05 to 0.10 
phosphorus in the puddle bar, against 0.15 to 0.50 phos- 
phorus from metal melted in the puddling furnace. The 
temporary cupola used has 2 ft. internal diameter, and its 
seolineh runs direct into the puddling furnace through a 
movable spout ; it runs upon a peel held in at the opposite 
door, so as not to cut the furnace bottom. 

An ordinary double — furnace, with a Bicheroux 

apparatus, is fettled in the ordinary way with iron ore, 
camuto annie, and a little manganese ore; but the man- 
ganese ore is sometimes omitted, then a charge of § ton is 
runin. After 15 minutes’ rabbling the iron began to come 
to naturein the heats observed. In from 29 to 31 minutes 
the first balls were drawn. The ninth ball was drawn 
about 8 minutes after the first. The balls were hammered 
and rolled to puddle bars 4 in. by ? in., which were quite 
smooth and clean. The washed puddle bars from pig con- 
taining from 2.50to 3 per cent. of phosphorus, were as fibrous, 
silky, and tough as best ordinary puddle bars. The second 
charge came out 62 minutes after the first. The author 
kept track of eleven charges made in this furnace between 
8 o’clock a.m. and 5p.m. The fettling. averages about 
600 Ib. per ton, and the loss on cleaned iron with this small 
fettling is about 8 per cent., including cupola loss. The 





* The author saw, nearly com eted, a new ram or stem- 
we the ironclad Kénig Wilhelm; it was a complex 
orging 


from open-hearth fluss-eisen, containing carbon 





laterally, to run it on the floor. 


0.08. 





The Open-Hearth Process.—The open-hearth yt pare 


wear of fettling is very small, by reason of te very small 
amount of silica in the bath. This fact would give the me- 
chanical puddler a pat advantage with washed iron. 

The economy in fuel is also important; for example, at 

illi , the ordinary practice with Strumm pig is 15 
charges of 660 Ib. each, with 18001b. of coal, per furnace 
per 24 hours. The same pig cleaned yielded 20 charges of 
the same weight with 11881b. of coal, or 66 per cent. of 
that used with raw Pig. The quality of product was the 
same as that of $rd Stramm and ard Nassau, the latter 
being of high quality. 

Conclusion.—The proportion of phosphorus eliminated 
by this process is not so great as by the Thomas and Gil- 
christ process ; the efficiency, however, of lime linings and 
additions in the open hearth is yet to be tested. The Krupp 
washing has little or no value in connexion with the Bes- 
semer process. The Siemens direct process also yields a 
material adapted to the open hearth, more free, not only 
from more but from carbon, than the Krupp washed 
metal, and in better condition to be converted rapidiy into 
steel. The object of this paper is, however, not to com- 
refining processes, but to give the complete facts 
about the pp process; and it must be admitted that 
this process is cheap, uniform, convenient, and thoroughly 
effective within certain limits, and it is no longer in any 
sense experimental. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Oleveland Iron Market.— Yesterday there was only 
a thin attendance on ’Change at Middlesbrough. Pig iron 
was te on the basis of No. 3 Cleveland selling at 
47s. 6d. ton, but the fact was that sellers were not 
anxious book orders. There is very considerable de- 
mand still for pig iron on American account, and in the 





Middlesbrough docks there are several steamers taking in 
iron to carry across the Atlantic. The preparations for 
blowing in additional blast furnaces in Cleveland are being 


pushed forward. Since our last notice Messrs. Downey 
and Co., of the Coatham Iron Works, have become the 
proprietors of the Lackenby Iron Works, which were in 
the hands of Messrs. Lloyd and Co., now in liquidation. 
There are three blast furnaces at the Lackenby Iron Works, 
and it is understood Messrs. Downey and Co. will soon 
have them in operation. 


The Finished Iron Trade.—At the various works in the 
North of England the men are now loyally adhering to the 
award of Mr. David Dale, and are working at a reduction 
of wages. It is somewhat surprising that there is not more 
improvement in the finished iron trade, considering that 
th leoeneed activity: in the pig trade is really maintained. 
Most le believed when the prices began to ascend that 
speculation had more to do with it than any improvement 
in trade, but the fact that very large quantities of iron are 
actually being shipped has proved that there is more truth 
in the revival than was at first imagined. Consumers of 
iron have within the past few days shown that they have 
changed their views, and the consequence is that there is a 

deal of inyuiry for finished iron of various kinds. 
mcouraged by the brighter outlook, Messrs. Dorman, 
Long, and Co., of the West Marsh Iron Works, Middles- 
brough, have taken a lease of the large Britannia Works 
adjoining theirs, and intend to start a portion of these 
works without delay. 


Engineering and Shipbuilding.—There is a better feel- 
ing as to the future in engineering circles. At South 
Stockton Messrs. Head, Wrightson, and Co., of the Tees- 
dale Iron Works, have received an order fgr about 2000 
tons of bridgework on Indian account. It is understood 
that several projects which have been under consideration 
for some time are nearly ready for launching, and it is ex- 

tin a little time the engineers of Westminster 
will have afair amount of work to give out. There is com- 
paratively little doing in shipbuilding. On the Tees the 
men are on strike against the proposed reduction of wages. 


The Mines.—The ironstone miners are agitating for an 
advance of wages. Itis expected that the question will be 
amicably settled by the adoption of a sliding scale. All 
kinds of fuel are in better request, and prices are higher. 
Coke is selling at 11s. 6d. per ton for delivery over the 
first half of next year. 





New ZEALAND Rartways,.—In the Waikato County 
Council, on July 4, plans and estimates were produced of a 
roposed railway from Cambridge to the junction with the 
ames line, three miles east of Hamilton. There are no 
difficulties of construction, the whole cost for 114 miles 
being only 28,0001. At present, the New Zealand Govern- 
ment proposal is to continue the Auckland and Waikato 
line from Te Awamutu to Taranaki, which would no doubt 
open up a splendid country on the western side of the 
north island. But a railway must also be made to facili- 
tate traffic to Cambridge, and to the eastern and middle 
portion of this provincial district. 





RELIGHTING OF FURNACES IN FuRNEss AND Cum- 
BERLAND.—The great impetus given to the trade of this 
district by the revival in demand for hematite iron, first 
experienced from America, and since then from Continental 
and home consumers, has resulted not only in the clear- 
ing out of the heavy stocks of metal held by makers, but in 
the absolute necessity to put in blast all the furnaces stand- 
ing idle to enable producers to meet their newly-made ar- 
rangements for delivery. Iron has increased in value from 
45s. per ton to 67s; 6d., the latter being the quotation for 
delivery in the spring of next oy Steel makers are very 
a Shipbuil are not fully employed, but they are 
likely to be busy during the winter, as are also engineers 





and others employed in minor industries. Iron‘ore, coal, 
and coke are in improved request at enhanced prices, 
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STONE-DRESSING MACHINE. 


CONSTRUCTED BY MESSRS. THOMAS ROBINSON AND SON, ENGINEERS, ROCHDALE. 
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We illustrate above Brearley and Marsden’s stone- 
dressing machine, which has lately been manufactured 
with great success by Messrs. Thomas Robinson and Son, 
of Rochdale. The machine has so little complication 
that its arrangement will be understood from the draw- 
ings with but slight description. The framework, which 
is very massive, is of two parts, the cast-iron bedplate 
and the two standards supporting the mechanism and 
cutters. On the bedplate is a traversing table for carry- 
ing the stone, which is kept in place by stops and an 





Fig.3. 











adjusting screw, as shown. Motion is given to the table 
by means of a rack partially shown by dotted lines and 
driven by gearing. The size of this table varies in the dif- 
ferent machines from 2 ft. to 6 ft. wide, the latter being 
the largest yet made, and taking a stone block 4 ft. wide, 
2 ft. deep, and 9 ft. long. On the vertical face of each 
of the standards are a pair of guides, in which are placed 
the brackets carrying the cutting mechanism. These 
brackets can be raised or lowered by means of the gear- 
ing shown, according to the thickness of the slab, depth of 





cut, &c. The shape of the brackets will be seen from the 
drawing, and it will be noticed that a curved slot is 
formed near their lower edge. The tops of the brackets 
are provided with bearings in which runs a heavy shaft, 
with pulleys at one end for giving motion to it through 
belting. On the inner side of each bracket is a heavy 
quadrant frame, the lower edge of which is furnished 
with a rack. These frames are connected to the brackets 
by means of a bolt ing through each slot and pro- 
vided with anut. The two frames are connected er, 
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WATTS’ 


ENGINE AND BOILER. 


CONSTRUCTED BY MR. THOMAS WATTS, ENGINEER, BOW. 














Fig. 2. 
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as shown, by horizontal bars which serve as guides to 
the rods carrying the cutters. On the shaft are mounted 
a number of eccentrics—the machine illustrated is fur- 
nished with nine—all of which have the same throw, 
but which are arranged spirally around the shaft, so that 
the points of maximum throw follow each other along the 
whole series. Each eccentric carries two rods which 
traverse in the guides formed by the quadrant frame, the 
two rods being set at an angle of 45 deg. asshown. To 
each of the eccentric rods small brackets are bolted for 
carrying the cutters, which are made out of thin steel 
plates of different forms according to the nature of work 
for which they are required. Slots are made in the 
cutters for the purpose of adjusting them, but the amount 
of projection from the face of the holder is very slight, 
in order to prevent them from springing. In the ma- 








KMS 


chine illustrated there are thus two sets of nine cutters. 
As a rule one set consists of serrated cutters for rough- 
ing out work, but, of course, any form can be employed. 
The action of the machine will now be apparent. The 
quadrant being adjusted by means of the handwheel, 
gearing and rack, one set of cutters is thrown into opera- 
tion on the stone as it traverses along the machine, the 
second set running idle. On arriving at the end of its 
travel the motion of the table is reversed, and the 
stone is run back to be ready for a secondcut. To bring 
the rear set of cutters into operation, the quadrant frame 
is turned till they are in the proper position and the other 
set are raised out of the way. It will be evident that the 
cutters can thus be set at any desired angle best suited 
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across the slab, and the work performed is of a nature 
to leave nothing to be desired. The cutters are very in- 
expensive, and are quickly and easily changed; each 
cutter may be relied on an average to do from 8 to 
10 square yards of work without regrinding, and the 
larger machines will finish about 30 square yards per day. 
Special appliances for doing curved or fluted work can 
be added to these machines, and mouldings of almost any 
form are readily turned out by them. Fig. 3 shows two 
of such mouldings. We believe that the experience in 
every-day work with these machines fully bears out all 
that is claimed for them by the manufacturers. 





WATTS’ THREE-CYLINDER ENGINE AND 
MULTITUBULAR BOILER. 

Some months since, when describing the exhibits of 
engines at the Kilburn Show of the Royal Agricultural 
Society, we had occasion to mention* a neat arrangement 
of three-cylinder engine with automatic cut-off gear ex- 
hibited there by the patentee, Mr. Thomas ©. Watts, of 
Bow. This type of engine, with the same maker’s patent 
boiler, we have pleasure in illustrating above, in detail. 
In our engravings Fig. 1 is a section through a valve 
chest and between two of the cylinders of the engine, 
Fig. 2 is an end view, showing especially the connexion 
with the governor, Fig. 3 is a longitudinal section of the 
engine. It will be seen from these figures that the 
cylinders aaa are placed side by side above the crank- 
shaft, and are single-acting, being fitted each with a deep 
piston 6 and tubular connecting rod d, The three-throw 
crankshaft ce is made without intermediate bearings, 
and was—in the engine shown at Kilburn—of cast steel, 
having made with it, on the crank webs, three cams gg g. 
Each cam gives a reciprocating motion to a friction 
roller k, and through it by the lever j to the valve rod 
el, The valve itself is of the piston type, and rests on 
the top of the rod e!, being held against it always by 
steam pressure. In this way the roller k is kept up 
always against the cam. So long as the fulcrum of j re- 
mains in one position the cut-off remains, of course, un- 
altered. But this fulerum is a pin in the lever i, which 
is keyed on a spindle h, to which an angular motion can 
be given by the governor 4. The position of i at any 
instant depends therefore on the position of the governor, 





for the stone to be treated or the work to be done. 
The machine operates by a rapid succession of blows 








* See ENGINEERING, page 6 ante. 
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which in this way (the form of the cam being suitably 
designed) regulates the cut-off automatically. The lever 
?, shown in Fig. 2, is simply used for increasing the avail- 
able throw of the governor. Its outer énd is linked to a 
short arm A! on the spindle 4 méntioned above. This 
gearing is arranged so as to cut off at any point between 
one and seven-eighths of the stroke, and to open the 
valve fully, even at the early cuts off, 

The external appearance of the engine is very neat, 
the working parts are all.enclosed in a box casing, but 
accessible through the doorshown in Figs. 1 and 2. All 
the bearing surfaces are of considerable size, and all the 
working rods are in compression. The working speed of 
the engine illustrated is 250 revolutions per minute, but 
Mr. Watts informs us that-he finds the whole gearing 
works noiselessly at speeds very much greater than this, 
the valve gearing not giving any trouble on this score 
even at 400 coves per minute. He is now making 
engines of this type with cylinders 15 in. in diameter and 
18 in. stroke, at. te up to 250 indicated horse power. 

Figs. 4 and 5 illustrate Mr. Watts’ patent high-pressure 
boiler in one of its latest forms. A boiler’ somewhat 
similar to this was employed at Kilburn to supply steam 
for his engines. The drawings in this case ~practically 
explain themselves. The boiler shell is a flat-sided 
nearly rectangular vessel, in which the place \of stays is 
taken by tubes. The products of combustion pass 
through these first from front to back, then from one side 
to the other, and down to the bottom of the boiler, and 
only at the last (when they are too much reduced in 
temperature to overheat the tubes) from bottom to top, 
through tubes partly in water and partly in steam space. 
The tubes acting as stays are secured, as shown, by 
double nuts at each end. The boiler is set in brick- 
work, arranged so as to be easily accessible in its diffe- 
rent parts. It has a horizontal cylindrical steam chest 
placed above it, as shown in Fig. 4, These boilers are 
proved to 1401b, per square inch. 

Mr. Watts’ automatic expansion gear appears to be one 
of the simplest yet proposed, and certainly promises to 
work well; we shall be glad to hear, at some future 
time, that thorough trials have been made to test its 
efliciency, and the general economy of the type of engine 
to which it is attached. 


ON LIGHTNING PROTECTORS FOR 
TELEGRAPHIC APPARATUS.* 
By Witu1ram Henry Presce, Electrician, General 
Post Office. 

For many years it was not the practice in England to 
protect telegraphic apparatus from the injurious effects of 
atmospheric electricity, because the damage done was so 
insignificant, and because the remedy was found to be 
worse than the disease. 

But as telegraph systems increased, as the country 
became enveloped in one vast network of wires, it was found 
that the damage done became considerable, until, in fact, 
about 10 per cent. of the apparatus in use were in one year 
damaged. 

Lightning protectors then became essential. Many forms 
were tried, based on the fact that when a discharge takes 
place through a non-conductor, such as dry air, at the 
moment of discharge the resistance along the line of dis- 
charge is practically nothing, and therefore all the charge 
is conducted away. According to Faraday ‘‘ the ultimate 
effect is exactly as if a metallic wire had been put into the 
place of the discharging particles’’ (Researches, Series xii., 
1406). Most of those tried failed. 

The survival of the fittest has been exemplified in the 
** plate” protector. In this form, one of the earliest intro- 
duced, one thick plate of brass is in connexion with the 
earth ; and another similar plate in connexion with the 
line is placed above it, but separated from it by paper, or 
by insulated washers, The lightning, on entering the wire, 
bursts across the paper or air ‘space in preference to 
passing through the apparatus, and thus escapes to earth. 

An important modification of this plate discharger has 
been made by Dr. Werner Siemens, who by serrating, or 
grooving with a pointed tool the opposing faces of the two 
plates at right angles to each otner, converted them into a 
conductor which was supposed te be one composed of an 
infinite number of opposing points. The remarkable 
action of points in facilitating discharge is well known, 
and brand ee b. lig ae gs a occurred 
very early in the an of tele by Mr. C. V. 
Walker, PRS. a i Sa 

Messrs. Siemens’ arrangement, very pretty in theory, 
never carried conviction of its value in the mind of the 
author, because protectors so prepared never singled them- 
selves out as evidently superior to others that were not so 
prepared, and while the intersection of \the grooves cer- 
tainly formed mathematical points, they did not form phy- 
sical or mechanical points, and it is upon the action of this 
latter kind of point that such remarkavle electrical effects 
are produced. 

Dr. Warren de la Rue having very kindly placed his well- 
known battery of 11,000 cells at the disposal of the writer, 
he pre four plate protectors, identical in dimensions, 
excepting that two were serrated and two were not. The 
two plates were separated from each other by narrow 
ebonite washers .0lin. thick. The upper plate was placed 
in connexion with the positive pole, and the lower plate 
with the negative pole. The number of cells was increased 
until a continuous current of electricity flowed : 
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1. Plain Plates. 


a.” Oy Effect produced. 
} 1000 — sparks just commencing on com- 

pleting circuit. 

1080 Sparks evident. 

1200 Sparks frequent and abundant. 

1500 Continuous arc. 

2. Serrated Plates. ’ 

1000 Sparks just commencing on making 
contact. 

1080 Sparks evident. 

1200 Sparks frequent. 

1500 Continuous arc, but fitful. 


2000 cells in each produced a continuous stream of electri- 
city. The effect with 1500 cells was decidedly more marked 
with the plain plates than with those serrated. The 
experiments were extremely pretty, and very decided in 
their character. 

Hence it appears that grooving is not only of no use, but 
that it rather deteriorates the value of the protector. 

These experiments confirm very decidedly the accuracy 
of the figures obtained by Dr. Warren de la Rue and Mr. 
Miiller on the striking distance between two flat discs given 
by them in their paper read before the Royal Society 
(Philoso hical Transactions, vol. 169.) it was shown that 
1200 cells struck across .012 in. Here 1000 cells struck 
across -01 in., which agrees perfectly with the curve pro- 
duced by those observers. 

It is the practice in the Post Office Telegraph Depart- 
ment to keep these plates apart by thin pai ed paper 
.002 in. thick, so that the air space is y much thinner 
than that experimented upon, and the striking difference of 
potential only 250 volts. 

Messrs. De la Rue and Miiller have shown that for points 
and various kinds of surfaces opposed to each other plane 
surfaces act the best for potentials less than 1500 volts, and 
that points are only efficient for high potentials. Now as 
it is soubtful whether atmospheric electricity causes much 
higher potential in telegraph wires than 1000 volts, it is 
clear that plane surfaces are the most effective for pro- 
tecting apparatus. It is quite certain that such plates, 
plain and smooth, separated by an air space .002 in. thick 
will form very efficient lightning pocketing. 

‘The author is very much indebted to Dr. Warren de la 
Rue for the performance of the experiments in his labo- 
ratory. 
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THE PROGRESS OF IRON AND STEEL AS 
CONSTRUCTIVE MATERIALS.* 
By J. A. Picron, F.S.A., Liverpool. 

THE working and employment of metals have from the 
earliest ages exercised a most important influence on the 
progress of the human race. The ancient poets celebrated 
in song the golden and silver ages, typifying what was sup- 
posed to be the primitive state of innocence and purity of 
our early fathers; but the real advance and progress of 
humanity commenced with the use of iron. It would be 
hardly possible to exaggerate its importance in the economy 
of human affairs. The employment of iron is a crucial test 
of the civilisation of any people at any period of history. 
Withont it art and science are comparatively unknown, and 
progress, except to a very limited extent, is impossible. 
With the free use of iron commenced the dawn of the arts 
of life. Every invention which contributes to material 
comfort, every pursuit which tends to elevate humanity, is 
connected with the employment of iron. A little reflection 
will show that this must of necessity be the case. The 
progress of man, whether physical, mental, or moral, is 
intimately connected with his conquest and mastery of the 
material elements by which he is surrounded. For this 
— no instrument has anything like the potency which 

elongs to iron. It is iron which digs the mine, iron which 
ploughs the land, iron which reaps the harvest, iron ma- 
chinery which grinds the corn. It is iron which fells the 
timber, iron which converts it into building material or 
decorative furniture. Every department of industry, every 
art of life, is dependent on iron. It is iron whict out of 
the rough marble block brings forth forms of beauty. and 
life. It is iron which quarries the stone and shapes it into 
stately piles of magnificence and grandeur. The exercise 
of man’s constructive faculty to any extent would be im- 
possible without this instrument. What infinite forms of 
utility or beauty does it assume, from the delicate trinkets 
of a lady’s boudoir, the minute hair-spring of a watch, 
even a dinner card of invitation, up to the ponderous 
plating of an ironclad, or the mighty percussive stroke of 
the steam forge hammer. Nature has placed in the hands 
of the human race no power so potent as steam, which in 
less than a hundred years has chan the aspect of the 
world to a greater extent than in all the ages which have 
gone before ; but without iron the steam engine would have 
been an impossibility. The modern developments of the 
applications of iron surpass all which have gone before, and 
are daily extending in maguitude and importance. The 
railway, with its locomotive speeding along with arrow-like 
swiftness, the mighty steamship ploughing the ocean with 
its thousands of tons of merchandise, the telegraph wire, 
like Ariel, putting a girdle round the earth, and annihilating 
time in bringing together distant regions, are amongst the 
latest illustrations of what we owe to iron. 
The object of this paper is shortly to illustrate the 
development and progress of iron and steel as constructive 
materi A rapid glance at their histury to the present 
time may aid us in indicating the lines along which their 
utilisation in future is likely to be carried. 
Few of the material substances of which the solar system 
and the earth are composed are more widely diffused than 
iron. It has been discovered to exist in the solar atmo- 
sphere and in that of others of the heavenly bodies. As a 
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mineral, it is found in various combinations over a —_ 
part of the crust of the earth. It gives its colour to the 
frost Triassic and Devonian systems of rocks. In the 

ving world it is equally diffusive. It imparts its lovely 
tint to the rose ; the flush on the cheek of beauty is owi 
to its influence. ‘‘The ruddy drops that warm the heart’ 
derive their colour from the presence of iron. 

Abundant as it is in nature, it was one of the latest 
metals brought into use. Flint and stone during countless 
ages constituted the implements and tools of mankind, 
succeeded in the heroic age ny te the manufacture 
adi — was carried to a high degree of perfection and 

uty. 

The earliest mention of iron is found in the Book of 
Genesis, chap. iv. 22, where we are told that Tubal-cain 
was ‘‘an instructor of every artificer in brass (or bronze) 


and iron.”” The Hebrew word is 7175, barzel, from a root 


signifying hardness and strength. We read also of the iron 
bedstead of Og, King of Bashan, and of Sisera’s 900 chariots 
of iron, 1300 years before our era. 

In the time of Agamemnon iron was not in general use. 
No implements or weapons of this metal have been found 
in the remains of Mycenz or of Troy. A large iron plate, 
however, has been discovered in one of the Egyptian 
pyramids. Inthe time of Homer iron was a rare and 
costly commodity, more highly prized than gold. The poet 
never mentions it as the material of armour or weapons, 
which were entirely of bronze, but in two passages in the 
Iliad, iron axes are mentioned as vaheaiio prizes in the 
athletic games. 

Iron was not employed for weapons by the Romans 
before the time of Hannibal in the second Punic war, but 
once adopted, the practical genius of the Roman people 
perceived its advantages, and entered upon its manufacture 
with avidity. 

It is not probable that either the Greeks or Asiatics 
knew the process of extracting iron from the ore. Both 
iron and steel are found occasionally in a native condition, 
principally of meteoric origin. Hence it is supposed 
originated the Greek name for iron o/Oypo¢, from the same 
root as sidus, the Latin for the starry heavens. 

‘The Romans in Britain practised the art of extracting the 
metal from the ore on a large scale. Their works were 
principally carried on in what is now the Forest of Dean 
in Gloucestershire, and that of Anderida in Sussex, in both 
of which enormous quantities of scoriz and cinders have 
been found. Their imperfect methods were unable to fuse 
the ore so as to produce cast iron, and it is probable that 
the metal was refined by several processes before it was 
finally adapted for use. The mines had been previously 
worked, for Cesar on his arriva] found the Britons in pos- 
session of iron, though it was employed more for ornament 
than use. 

This imperfect method continued down to the sixteenth 
century, when the introduction of the blast furnace led to 
the production of cast iron, the manufacture of which was 
for a long time principally fed from the scorize and cinder 
heaps left by the Romans. 

Once adopted, the superiority of iron over every other 
metal for tools and implements led to the supersession of 
all other materials for that purpose, and the use of iron 
entered upon a progressive career, which has extended with 
the advance of society in an ever-increasing ratio. One of 
the first purposes to which iron was applied was that of 
weapons and armour, the manufacture of which attained 
in the Middle Ages a very high degree of excellence ; the 
hauberks of chain mail of the most intricate and delicate 
patterns, the chased and inlaid suits of armour, constantly 
changing its form, exercised the ingenuity of the armourers, 
and exhibit in the remains left to us a large amount of in- 
genuity and artistic skill. Offensive weapons were equally 
elaborated. The Toledo rapier and the Damascus scimitar 
had a world-wide reputation, and even in England the 
Sheffield whittle in the time of Chaucer had become famous 
for its quality. Ironwork at this period was of the most 
elaborate description. The locks and keys, the hinges and 
bolts, the smith’s work in gates and screens, exceed in 
beauty anything of the kind which has since been produced. 
Many specimens remain both in England and on the Conti- 
nent, amongst which may be mentioned the ironwork in the 
church of St. Gudule at Ant oq the well-cover by Quentin 
Matsys at Antwerp, and, though of a much later date, the 
beautiful park gates at Hampton Court. 

The introduction of cast iron into general use in the 
seventeenth century effected a considerable change in the 
application of the metal. Its cheapness led to its extended 
use in the household economy of daily life ; firegrates, 
stoves, pots and pans, gates, palisades, pipes, &c. This 
was no doubt in many respects a great advantage, but it 
had a very injurious effect on the art of the smith, super- 
seding skill and ingenuity by the deadening process of 
routine in cast work, rn | substituting cheapness for ex- 
cellence. q 
From the seventeenth century onwards the use of iron in 
works of magnitude became much more general. Wrought 
iron pacing to be worked by hand, was necessarily limited in 
the size and weight of its productions, but cast iron was ca- 
pable of applications of a more extended character. In 1755 
Smeaton first used large pieces of cast iron for mill and engine 
work. From that period a leading part has been taken in 
this country in the development of constructions in iron. It 
has been well said that the triumphs of iron are principally 
due to Englishmen ; they were the inventors of the steam- 
engine, the railway, the locomotive, iron ships, steam- 
boats, the steam hammer, the telegraph wire, the cast and 
wrought-iron bridges, the ironclads, the monster guns, 
iron roofs, iron ti . One of the first employments of 
iron on a large scale was in the construction bridges. 
In the sixteenth century a proposition was made by Italian 
engineers to construct a bridge in cast iron, but the scheme 








rovedabortive. In 1755 an ree, eee was projected at 
Fyons, to consist of three arches of 82 span. Part of the 
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work was actually prepared and put together in the 
builder’s yard, but from some cause not recorded this 
attempt was also abandoned, and a timber bridge sub- 
stituted. In 1777 the first bridge in England was designed 
by Mr. Thomas Pritchard, an architect of Shrewsbury, was 
constructed by Mr. Abraham Darby, of Coalbrook Dale, 
and erected over the Severn at Broseley in 1779. The 
span is 100 ft., the arch nearly semici . 

Soon after this date the idea of constructing bridges in 
wrought iron occurred to several French engineers, and 
several designs were prepared for works at Paris and else- 
where, but they were not carried out. In 1795 another 
cast-iron bridge was constructed over the Severn at Build- 
was by Thomas Telford, 130 ft. span. 

The boldest conception, however, was the cast-iron 
bridge over the Wear, connecting Monkwearmouth with 
Sunderland, which was designed by the celebrated Thomas 
Paine, and was opened in 1796. It consists of asingle arch 
236 ft. span, with a versed sine of 34ft. For grandeur of 
idea, lightness of effect, and economy of material, it has 
never been surpassed. From that period to the present, 
the construction of iron bridges has proceeded in an ever- 
increasing ratio, until they have come, in works of magni- 
tude, almost entirely to supersede stone. For some years 
cast-iron bridges had all the sway, constructed either with 
youssoirs or arch ribs, but have more recently been almost 
entirely abandoned for structures in wrought iron. 

Then followed the suspension bridge, of which probably 
the most graceful specimen is Telford’s beautiful structure 
over the Menai Strait. This was originally designed in 
1814 to span the River Mersey at Runcorn, on the site now 
occupied by the railway bridge ; but the means were not 
forthcoming, and the project slept until revived in 1819 for 
the new site, and was completed in 1825. 

The rapid development of the railway system, from its 
initiation by George Stephenson in 1830, has called out all 
the resources of the engineering mind, and led to bridges 
and viaducts of great boldness and skill. One of the most 
celebrated of these is the tubular bridge over the Menai, 
having two spans of 460 ft. and two of 230ft. each. A 
vast amount of experiment, calculation, and research was 
expended on this design, which no doubt answers its pur- 
pose, but with an expenditure of material and an unsightli- 
ness of effect which seems to have deterred others from 
following in its wake. 

The lattice railway bridge over the Mersey at Runcorn, 
designed by the late Mr. Baker for the London and North- 
Western line, is a fine specimen of economy of material and 
efficiency in the result. Specimens of railway bridges 
abound on every side, and have developed the capabilities 
ofiron toa wonderful extent. The two largest probably 
are the viaduct over the St. Lawrence, which consists of 
twenty-four spans of 242 ft. each, and the more recent one 
over the Tay at Dundee. The latter is the most remark- 
able specimen of iron bridge building which has yet been 
constructed. It is two miles in length, consisting of eighty- 
five spans of various dimensions, eleven being 245 ft. 
between the supports. The construction comprises plate, 
bowstring, and lattice girders in wrought iron, with cast 
iron columns and piers in combination with brickwork and 
masonry. These are, however, to be surpassed in bold- 
ness of design by that projected over the Firth of Forth, 
the designs for which are not yet published. 

The railway system has given an amazing impulse to iron 
construction, but it may be said with truth that it is itself the 
outcome of the development of iron. Consider for a 
moment what railways have done for the world. Sanguine 
expectations were entertained at their inception as to the 
future results, but it is almost needless to say that these 
expectations have been realised a hundred—nay, a thou- 
sand-fold. What the formation of the grand old highways 
throughout Europe did for the Romans, the great road- 
makers of antiquity, the railway system has done for 
modern society, but in a far higher degree. It has changed 
the map of Europe, it has altered the boundaries of states, 
it has revolutionised the art and practice of war, it has 

ven new directions to trade and commerce. Practically 
it has levelled the lofty summits of the Alps, and reduced 
the distance between the Atlantic and Pacific Oceans to a 
mere question of a few days. It has changed the centres 
of industry, opened up new sources of wealth and employ- 
ment, created populous towns where existed only desolate 
wastes, brought the wild beauties of the lakes and moun- 
tains within reach of the toiling multitudes. It is gradu- 
all —— prejudices, provincialisms, and peculiarities, 
and paving the way for the access of that coming time— 


‘* When man to man, the warld all o’er, 
Shall brithers be for a’ that.” 


It is not too much to ~~ that in a very important sense 
we owe all this to iron and its development. Without iron 
these ex; tions would have been an idle dream ; with it 
the res: ts have become a sober reality. 
, The motive power and initiative of these grand concep- 
tions is the force of steam, harnessed down and p 
into the service of humanity by genius and skill. I have 
y said that without iron, steam power would have 
an impossibility. The progress in each department 

as gone on oe passu. Every improvement in the ma- 
nufacture of iron has given additional facilities to the 
steam engine, whilst steam power has given an impulse to 
the production of iron which has gone on increasing in 
more t @ geometrical proportion. This will apply to 
all classes of roy of which iron may be considered 
the body, and steam the nervous energy which gives life 
and motion. The introduction of machinery on any scale 
of importance is of comparatively recent date, not reaching 
much farther back than a century; yet now we see ma- 
chinery entering into every manufacture, cheapening the 
we of the necessaries, and administering to the com- 
orts, of life. Of all this, iron is the basis and essential 
element. 

Let us now turn to another department, in which per- 


haps more gigantic strides have been made in the use of 
iron than in any other; I mean its ae to naval 
affairs. The “‘ wooden walls’ of England were 
formerly the nation’s boast, the ‘‘ hearts of oak” of our 
tars was the sentiment of every nautical ditty. All this 
has passed away like a dream, and timber ships, with the 
exception of small craft for inland and coasting trade, are 
as obsolete as the canoes of our remote forefathers. 

One of the first to introduce iron into shipbuilding was 
Mr. Fairbairn, of Manchester, who in 1830 built three iron 
steam vessels for the Forth and Clyde Canal Company, and 
subsequently many others for use at home and abroad. 

The first sea-going iron ship was the Richard Cobden, 
built in 1844, at Liverpool, by James Hodgson and Co. ; 
she was 136ft. in length, and 522 tons burden, builder’s 
measurement. Some years elapsed before the example was 
followed to any extent, when by a sudden impulse, and with 
common consent, timber was abandoned, and iron became 
the order of the day. With the facilities afforded by iron 
enormous progress been made in naval architecture. 
The Great Eastern steamship was built in 1858 on the 
Thames. Her dimensions are 679ft. 6in. in length, 
82 ft. 8in. beam, and 48 ft. in depth, fitted with screw en- 

ines of 1600 horse power, and — engines of 1000. 
bably she was in advance of her time, the skill in her 
arrangements not being equal to the grandeur of the con- 
ception, but the tendency of late years has been to increase 
the dimensions, particularly in length. 

The latest development has been shown in the Arizona, 
of Liverpool, of the Guion Line, and the Orient, of London, 
of the Australian Line, both recently built on the Clyde, of 
dimensions nearly alike. The City of Berlin, of the Inman 
Line, and the Britannic and Germanic, of the White Star 
Line, are little, if at all, inferior in size. The Orient has 
a registered tonnage of 5400 tons, with a displacement of 
9500. Her length is 445ft. 6in., 46 ft. Gin. m, depth, 
35 ft. It will observed that whilst the length of the 
Great Eastern is about eight times her breadth of beam, 
the length of the Orient is nearly ten times her width. 

The application of iron to ships of war has probably ex- 
ceeded the progress in any other department, if we con- 
sider the enormous masses of iron employed, and the 
crucial experiments to which they are subj modern 
turreted ironclad, with her 10 in. or 12 in. coating of solid 
metal, her engines of many thousand horse power, her 
almost automatic machinery for orming every naval 
operation, her capacity for destruction in the immense 
armament she carries, presents a representation of the 
state of modern society, both in its scientific and social 
aspects, perhaps as striking and illustrative as can be any- 
where found. 

Closely connected with this is the application of iron to 
the purposes of war, whether by land or sea. Within the 
last few years the contest between the sepresive power of 
ordnance on the one hand, and the defensive power of 
iron plating on the other, nm ied to an almost 
inconceivable extent. The calibre of the gun is increased 
to pierce the plating, and the thickness of the plating is 
increased to resist the impact, so that we have arrived at 
guns of 100 tons and upwards, with rage ps of nearly 
1000 lb. weight, resisted by armour plates 10 in. or 12 in. 
thick. At what point the contest is to end no man can 
foresee. Iron, also, is being largely utilised for defensive 
purposes by land. At the present time the new fort now 
in construction for the defence of the river Mersey is to 
have wrought-iron plates for the protection of the gunners, 
some of which are 20 ft. long by 11 ft. in height and 8 in. 
in thickness, ee nary 26 tons each. 

When we look at the ironclads, the rams, the to oes, 
the turrets, the large guns by sea, and the plated forts, 
the railways, a and other appurtenances by land, 
we see that iron plays an important, perhaps the most im- 
portant, part in modern warfare. 

But whilst iron has thus so largely been employed for 
the purposes of destruction and defence, on the other hand 
it has given facilities for mutual intercourse and peaceful 
co-operation never before known. The railways I have 
already mentioned’; but we must not forget the _—— 
wires which encompass our globe, and form, so to s 5 
the nervous system of the world. It is iron, and the 
modern facilities for its manipulation, which enable us so 
to bridge over space and annihilate time. 

The subject is so vast, that I might go on enumerating 
toan almost boundless extent the various uses and applica- 
tions of iron,which are constantly increasing in their adap- 
tation to every purpose of human society, but time will not 
permit. I will only notice the progress of iron in another de- 
partment, that of building construction. The old materials 
for building were stone, brick, and timber, and with these, 
especially the first, some of the noblest monuments of art 
and skill have been constructed. Iron, in ancient times, 
played a very subordinate part in building. It is only in 
modern structures that its advantages have been appre- 
ciated. At first cast iron was employed for columns and 
struts supporting weight, and subsequently for girders and 
beams, but the treacherous nature of the material when 
subjected to cross strain rendered its use very hazardous. 
By my wrought iron, by means of improved machinery 
for rolling, was rendered ptable for building purposes. 
A great impulse was given to its employment by the con- 
struction of the Crystal Palace in Hyde Park in 1851, in 
which, for almost the first time, the design was adapted to 
the nature of the new material. This led the way to further 
improvements. Rolling mills were constructed to manu- 
facture girders and joists of lengths and sections not pre- 
viously attempted, and the result has been the employment 
of wrought iron to a very large extent in roofs and floors. 
Concurrently with this progressive movement, the demand 
for roofs of very @ span in railway stations has 
stimulated design, and led to the construction of iron roofs 
of a magnitude never before contemplated; the width of 





span in several cases approaching 300 ft., and the large 
areas covered, as in the stations of St. Pancras, at Bir- 


mingham, and at Lime-street, Liverpool, are such as cast 
into the shade all former constructions of a like kind. 

—— own in pegs sec ahaa to any very 

extent, but in France, especially new quarters 
oie hey are almost universal. The girders and 
joists are of rolled iron, with iron laths dropped in between, 
on which is spi a coating of concrete, rendering the 
structure a, fire > 

Tron lends itself readiiy to the construction of dome roofs, 
of which recent specimens are found in the reading-room 
of the British Museum, and in the one recently erected in 
connexion with the Free Public Library, Liverpool. 

I have endeavoured in the above remarks to give a rapid 
sketch of the lines along which i oe of iron con- 
struction has been advancing. I will conclude with a few 
words on the direction in which these lines are leading us. 

Notwithstanding the enormous development of railways 
both at home and abroad, and the depression consequent 
on excessive and imprudent expenditure, there can be no 
doubt that the railway system still a great future in 
store. There yet remains much land to be possessed. 
European enterprise will never cease until all the lines of 
—-* where commerce finds its way are provided with 
railways. 

The adoption of steel for rails, thanks to the genius and 
enterprise of Sir H. Bessemer, Dr. Siemens, and others, 
has much facilitated these operations, and holds out to the 
British manufacturers the prospect of a profitable employ- 
ment of their capital. 

Machinery, whether locomotive or manufacturing, is 
undergoing a constant but quiet revolution, consisting in 
improved economy of materials, rapidity of motion, and in- 
creased efficiency. Iron ships, es ially steamships, are 
increasing in size and power, to which the introduction of 
steel plates will impart tly increased advantages. In 
warlike affairs, whether the contest between armour-plating 
and armour-piercing has reached its acme, I will not take 
upon myself to say. The final decision of the problem is 
one of great interest as to the future employment of iron 
for such purposes. 

The facilities of iron, especially wrought iron, for all 
engineering constructions are more and more apprecia‘ 
year by year ; but with some few exceptions there is a great 
defect runs through them all in the absence of anything of 
esthetic taste in thedesigns. The ancient motto for build- 
ing was ‘‘ Strength, commodity, beauty.”” The two first 
have been attended to almost to the entire neglect of the 
third. This I cannot help thinking is a great mistake. 
The grand engineering works with which the surface of our 
country is studded should have a dignified and noble aspect. 
They should minister to the sense of beauty and fitness as 
well as to that of strength and power; but too frequently 
the reverse is the case. I will refer to an instance or two. 
The railway viaducts built by Brunel over the rivers at 
Chepstow and Saltash are grand specimens of constructive 
skill, but their ct is repulsive in theextreme. Let any 
one compare London Bridge, with the graceful curves of its 
arches and its simple yet el t design, with the iron 
bridge of Blackfriars, or still worse, with the railwa 
peice crossing the Thames 3 the contrast will be foun 
painful in the extreme. 

_ The railway bridge at Runcorn by Mr. Baker, with its 
light iron lattice work and the sweeping lines of the viaducts 
on each side, is a fine and noble structure. Telford’s sus- 
pension bridges at Conway and the Menai are charming in 
their outline and fairylike in their construction, whilst their 
neighbours the tubular bridges are the very incarnation of 
ugliness. This is a defect not inherent in the material, for 
iron readily lends itself to any shape of beauty. It rather 
arises from contempt or inadvertence, looking at strength 
and power as the only elements required. Let us hope 
that a better spirit may be evoked, and that our future 
engineering works in iron may be as distinguished for 
ow | of design as they are now renowned for grandeur 
and efficiency. 


In architecture properly so called, iron is doubtless 
destined to play a very important part. Hitherto archi- 
tects as a body have neglected iron. When employed, they 
have striven to hide it from sight, and seem to apologise 
to themselves and the world for being obliged to use it 
instead of brick or stone. Its use, however, is being 
forced upon us, and on every side we are met with iron 
sheds, iron churches, iron houses. The designs of these 
are usually hideous to behold, but why should this be so? 
by should architects not face the difficulty, and instead 
of letting iron master them, convert it into their 
handmaid and servant? The medisvalists followed a 
different course. They took the material which lay before 
them, and by a happy audacity in design and skill in con- 
struction, they pr d effects which for composition of 
masses, picturesqueness of outline, and brilliance of inven- 
tiveness have ever since been the admiration of the world. 
Looking to the future, there can be no doubt that iron is 
every day becoming a more important factor in the world’s 
affairs. The ages of stone and bronze, the times of dark- 
ness and ignorance, have gen away, and with the use of 
iron came in power, and knowledge, and light. It is 
destined to work yet ter wonders. It is its mission, 
sent by a ions Providence, to lighten man’s labours, to 
give him the mastery over Nature, to enable him to explore 

er secrets, to comprehend her laws and turn them to the 
best advantage for the welfare of humanity. The ages of 
gold and silver may serve for the theme of the poet’s fancy 
or the dream of the enthusiast, but the age of know- 
ledge; and progress, and power, and wisdom is the age of 
iron. 








Port Aprnarpe.—A handsome addition to the buildings 
of Port Adelaide, South Australia, has recently been made 
in the form of new Marine Board Offices and a residence for 
the harbour master. The building al cost 
11,3521., and the furniture and internal fittings have yet to 





be provided. 
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TECHNICAL EDUCATION. 

Ir is only in recent years that it has been under- 
stood, and even to-day it is not fully realised, that 
this country holds no longer an salbauted supre- 
macy in many of the most important arts and 
manufactures of modern civilisation, but that on the 
contrary we have to recognise the fact that we 
have lost the control of foreign markets in many 
things where we previously enjoyed monopoly, and 
that in almost everything we have to submit to an 
ever-increasing and more difficult competition, not 
only in foreign, but in our own markets, where 
free trade renders the struggle more uneven. With 
this knowledge before us the producing power of 
other nations becomes a matter of the keenest 
interest, and every fact bearing on the subject 
possesses the highest importance, since it is by 
an intimate acquaintance of the power of our compe- 
titors that we can best study our own weak- 
nesses, and commence to learn from those whom we 
have been teaching for more than half a century. 
At the recent meeting of the British Association at 
Sheffield, Professor Sylvanus P. Thompson achieved 
the somewhat difficult feat of regarding the subject 
of technical education from a new point of view, so 
often has it been made the theme of presidential 
addresses, of essays, of lectures, and of communica- 
tions to almost all of the numerous associations and 
Societies in this country. For this reason alone the 
paper possesses much interest, but it also possesses 
a high value from the information it contains on the 
sypeentlonship schools of France, of which practi- 
< ly — has oe been known in this 

untry. € propose briefly to analyse this ’ 
and pe the principal facta it par helene = 
readers. The French apprenticeship schools are, 
speaking broadly, of four kinds. 1. Those in which 
technical teaching is of first importance, but where 
nt education is egy ong J considered. 

as “the school in the 


class may be defin 








workshop.” 2. This is the reverse of the first 
named and forms ‘‘ the workshop in the school.” 3. 
‘The school and workshop side by side,” the 
management of both being in harmony, and the time 
so divided as toinsure an equal number of hours of 
study and of labour. 4. An equal distribution of 
the time of the students between existing schools 
and the factory. 

Of the first-named class there are no fewer than 
237 establishments in France, some of them having 
been in operation for thirty years. One of the 
oldest is Lemaire’s opera-glass factory, another is 
that of MM. Chaix and Co., printers of the In- 
dicateur—the French Bradshaw. Both of these 
establishments have properly appointed school- 
rooms and teachers, and two hours are devoted 
every day to study. At the last-named works the 
apprentices are bound for four years, the employers 
giving a guarantee to find situations at the expira- 
tion uf the term. From the time of entering, each 
apprentice receives a small remuneration, which is 
gradually increased. That the system has worked 
well is shown by the prosperity of the establish- 
ment; but it must also be remembered that in 
addition to the system of training, MM. Chaix and 
Co. have done much to establish good relations be- 
tween themselves and their employés by founding 
and encouraging savings-banks, sick-funds, in- 
surances, &c., while 700 of, the hands employed 
are participants in the profits of the house—of this 
number 258 are past apprentices. 

Of the second class, the workshop in the school, 
only one good example exists, that of the Ecole 
Commerciale, Paris, established in 1873. This 
school, affording facilities forinstruction to 315 pupils, 
has also shop accommodation for 50, the technical 
instruction given them including carpentry, wood- 
turning, the manipulation of metals, drawing, 
modelling, and wood and stone carving. In this 
system the technical and general training are carried 
out together, two hours in the morning being 
devoted to drawing, modelling, &c., and, during the 
first year, one hour and a half to wood or metal 
working. But little time is lost here; study begins 
at 7 A.M. and ends at 6 P.M., one hour and a quarter 
being allowed for recess, This course of training 
generally lasts from three to four years, and the 
pupil leaves at the age of 14 or 15, after having re- 
ceived an ample education for an artisan, and also 
an ability to use his hands, which renders him fit for 
useful work from the first day of his apprenticeship, 
and avoids the first months of comparative idleness, 
otherwise almost inevitable and always dangerous. 
This school, though founded only in 1873, has been 
highly successful, and in ed cases the term of 
apprenticeship is shortened by the previous training. 
The annual cost of inclusive instruction at this school 
is 7/. 19s. 34d. per head. 

The school and workshop side by side are best 
represented in France by the Ecole Municipale in 
Paris, and the Ecole Municipale d’Horologerie at 
Besangon. Pupils to the first of these schools, ad- 
mitted only between the ages of thirteen and sixteen 
years, are required to produce a certificate of having 
completed their preliminary education, or they must 
be able to pass a corresponding examination. The 
period of training is three years, during the first of 
which thestudents pass 5} hours everyday in the work- 
shop, passing from one branch to another. Eight diffe- 
rent trades are taught, carpentry and wood-turning, 
pattern making, smiths’ work, fitting, and metalturn- 
ing, as well as the trade of locksmith and that of the 
mathematical instrument maker, During the first year 
the pupil passes from one of the first six to another, 
devoting six weeks or two months to each, till at the 
end of the first year he has gained some general ex- 
perience, and sufficient insight to know to which 
trade he should devote himself. Having made his 
selection, he devotes more time to manual work, 
until during the third year 7} hours are spent daily 
in the shop. Work is carried on upon a re 
system invaluable for the learner, but impossible in 
the ordinary shop, where the requirements of busi- 
ness enforce that the apprentice shall be employed 
upon routine work, teaching nothing after fami- 
liarity with it has been acquired. At this school, 
on the other hand, the pupils are led through 
a course of manual work from the earliest to ad- 
vanced stages, being taught the meaning of every- 
thing they do, and being obliged to make accurate 
drawings of their work beforehand. As for the 
studies, general at first, they commence to have a 
technical character during the second year, and 
refer chiefly to the nature and use of materials, to 
design and machine construction, and to industrial 


gular |later comer takes his place. 








chemistry and physics, Of the results obtained by 
this gratuitous school, founded about 1873, we need 
only say that out of 74 pupils who had completed 
their course up to August, 1877, no less than 69 
were profitably following up the trade they had ac- 

aod at the school; of the remaining five one was 

ead, one had been lost sight of, and the other three 
had become clerks, The average age of the pupils 
on leaving is 17} years, and the average wages rm 
earn 18s. per week, The cost of this truly admirable 
institution calls for some attention. The outlay for 
land and buildings was 38,000/., or 160/. per head for 
175 pupils, and that for fittings, plant, &c., 2102/., 
or 12/. Os. 33d, per head. The annual cost of work- 
ing is 2403/., or 10/. 17s. 1d. per pupil, and the total 
expense per head, including interest on capital, is 
212, 3s. 5d. per head. 

The horological school at Besancon may be 
taken as the best example of three existing in 
France, the other two being at Cluses and Macon. 
These, however, are Government schools, and 
devoted to the training of foremen, while that at 
Besancon is strictly an gage school. It 
was founded about 1860 by the municipality of 
Besangon, and has during the present year 
58 pupils. The establishment admits children of 
the neighbourhood gratuitously, but pupils coming 
from a distance are charged 8/. per annum. The 
course of instruction includes the branches of 
watchmaking, as well as theoretical instruction in 
the art, and a regular course of general educational 
are Ge The actual cost of instruction per head, 
not including capital expenditure, is 8/. 5s. 6d. per 
annum. The results of working this establishment 
have been admirable, and have proved of the utmost 
importance to Besangon, which is the centre of the 
watchmaking industry in France, the annual pro- 
duction being now over half a million watches, 
besides the export of works to Switzerland of the 
annual value of half a million francs, 

Of adifferent nature to any of the foregoing are the 
schools of the Institution of Saint Nicholas, under 
the control of the Fréres des Ecoles Chrétiennes. 
There are sixteen of these schools in Paris, each 
devoted to the teaching of a different trade. In this 
case a charge of from 12/. to 14/. a year is made, and 
the term of apprenticeship is three or four years ; 
during this time the pupils receive no payment, and 
their work belongs to the teacher, who, carrying on 
a trade, naturally endeavours to make the most of 
the students. In some instances, the work done is 
admirable, particularly in map and wood engraving. 
Little or no general instruction is given, and the 
system, although self-supporting, and generally 
turning out good workmen, has serious defects. 

Of the fourth class, namely, half-time schools, a 
few words may be said. Originated and abandoned 
in England, the system was restored in France in 
1874, and in 1878 a half-time school was established 
at Puteaux, near Paris, for teaching the children 
employed in the factories; the boys being taught in 
the morning, and the girls in the afternoon, 
similar schools have also been started in Paris, 
where it is estimated about 34,000 children are em- 

loyed, half of whom have not completed their pre- 
Salve inary education. 

The valuable results of the different systems of 
training which we have briefly reviewed, can 
hardly be over-estimated, The technical training 
thus commenced at an early age is carried on step 
by step with the general education in such a manner 
that a lad on leaving school is, under the best system 
a trained workman, and under the others a useful 
apprentice from the day that he enters the factory. 
As an almost invariable rule. the ane in this 
country enters upon his work in absolute ignorance, 
for months he is almost useless, sometimes worse 
than useless, and the economy of the factory de- 
mands that ——— learnt how to do one single 
thing well he should continue to repeat it until some 
By the apprentice 
school system in France all this waste of valuable 
time is avoided, and the pupil learns not only how 
to employ his hands, but having been kept at any 
one thing no longer than is absolutely necessary to 
learn, and then passing on to another, through- 
out the whole term of his training, he attains a 
general knowledge, as well as a technical skill. As 
has been shown, these advantages, too, are gained 
at a comparatively small outlay, less, we suppose, 
than is annually wasted by the School Boards of 
this country. The engineering laboratory at the 
University College is somewhat analogous to these 
French technical schools, but this is only in- 
tended for future employers, not for future work- 
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men, who stand more in need of opportunities for 
special training. The few mechanics’ institutes, the 
science classes, and the schools of art scattered 
over the country, which represent practically all the 
facilities we possess for early technical training, are 
not only insufficient in number, but inadequate in 
system for the required purpose, which is so to raise 
the standard of excellence of the workmen in this 
country as shall enable us to compete successfully, 
if not once more to distance, the industries of 
other nations. Professor Thompson has done well 
to present this ever-talked-of question of techni- 
cal education in a new light, and we cannot 
close this article better than by quoting the 
peroration of his essay. ‘But so the matter rests 
with England. International exhibitions have come 
and gone, and have shown us from time to time the 
hollowness of our position. Report after report, 
commission after commission, crisis after crisis, 
have passed alike unheeded ; and capitalist manu- 
facturers and unionist artisans either will not, or 
cannot, or dare not confess that the core of all this 
rottenness is the failure of the old apprenticeship to 
cope with the requirements of the age, and with 
the new social condition which modern enter- 
prise and the fierce rivalry of industry have brought 
about. If, however, capitalist manufacturers and 
unionist artisans desire to witness a revival of the 
skilled industries of Great Britain, and to renew 
the great commercial triumpbs which Englishmen 
have won in past generations. the remedy rests in 
their own hands. ‘They must show that they will, 
and can, and dare, give to the new apprenticeship 
the power of a living reality,” 








FIRELESS LOCOMOTIVES. 
Awmonast the numerous methods of working under- 
ound railways suggested in the early days of such 

ines, when it was feared that ordinary locomotives 

would prove inadmissible, was that of employing 
engines dependent for their supply of steam upon a 
store of hot water carried in a suitable reservoir, 
and heated at the commencement of each journey 
to the temperature corresponding to that of steam 
of about 200]b. pressure per square inch, or say 
about 385 deg. ‘The idea had much promise, and 
as long ago as 1864, the late Mr. Zerah Colburn 
dealt with the subject in a contemporary, and showed 
that even for working such traffic as was then ex- 
pected on the gprs. man Railway, the system did 
not involve the employment of water reservoirs of 
excessive size and weight. Owing, however, to its 
being found that with proper appliances for con- 
densing steam, ordinary anh could be used 
on underground lines, nothing was done practically 
at the time in the introduction of fireless locomo- 
tives, and it was not until some years afterwards that 
the idea was revived in the United States, and the 
stem applied to engines for use in tramways by 

r. Lamm, of New Orleans. In 1872, Dr. Lamm’s 
fireless locomotive was tested in America with some 
success, and more recently the system was intro- 
duced in France by M. Leon Francq, by whom 
many improvements of detail have been worked 
out. 

According to the original plans of Dr. Lamm, the 
reservoir applied by him to his locomotive was re- 
charged with water (heated under pressure) atsuitable 
intervals; but this plan involved some practical in- 
conveniences, and M. Francq introduced the im- 
proved plan of reheating the water in the reservoir by 
the injection of steam at high pressure, The first en- 
gine made on M, Francq’s plans was constructed in 
1876, and was put to work on the tramway running 
from St. Augustin (Paris) to the Boulevard du 
Chateau, at Neuilly. The engine did good work, 
and in fact its performance was so encouraging that 
other engines were built with modifications which 
experience had shown to be desirable. It is of one 
of these later engines, which was set to work on the 
small local line from Rueil to Marly-le-Roi, that we 
this week give a two-page engravinz. 

Referring to our illustrations it will be seen that 
as far as the framing and working gear are concerned, 
this fireless locomotive is a four-wheeled inside cy- 
linder engine of ordinary construction, the cylinders 
being slightly inclined and placed directly over what 
we may term for convenience the leading axle, 
although really the engine is ‘‘ double-ended” and 
can be driven from the footplate at either end. As 
will be seen from Fig. 2, the valve-chests are placed 
above the cylinders in an inclined position, the 
centre line of the valve gear being inclined ata 


The cylinders are 9 in. in diameter, and the stroke 
is 9.14 in., while the diameter of the wheels, which 
are all coupled, is 2 ft. 44 in. 

In place of a boiler the engine is provided, as 
shown, with a strong reservoir A of steel plates, 
this reservoir, which is adapted for a working pres- 
sure of 2151b. per square inch, being one metre 
(3 ft. 33 in.) in diameter, and having a total capacity, 
including the dome, of 74.6 cubic feet. The normal 
charge of water carried is 63.6 cubic feet, this charge 
leaving ample steam room, as shown in the sections, 
Figs. 1 cam 2. The reservoir is surrounded by an 
air space, outside which is a good non-conducting 
coating, it being of course particularly desirable to 
guard thoroughly against loss of heat. 

For reheating the water in the reservoir there is 
provese a stop-valve G furnished with a coupling, 

y which it can be connected to a stationary boiler 
by a flexible pipe a, as we shall explain presently. 
The stop-valve G communicates with an internal 
pipe G,, which conducts the injected steam to a hori- 
zontal pipe G, placed at the bottom of the reservoir, 
this latter pipe being finely perforated so as to dis- 
tribute the injected steam, and secure the equal 
heating of the whole of the stored water. 

It will, of course, be understood that in working 
on the system we are describing the pressure exist- 
ing in the reservoir gradually diminishes as the 
steam is given off by the stored water, and to prevent 
inconvenience from this variation of pressure, and at 
the same time to render more manageable the high 
pressure which is available just after charging, the 
engine we are describing is fitted with a reducing 
valve H, which is shown in detail by Figs. 6, 7, and 
8. The steam dome is fitted (see Fig. 1) at d with a 
finely perforated plate, and the supply of steam for 
the cylinders is taken above this plate by the pipe 4, 
which communicates with the casing H of the re- 
ducing valve, Referring to Figs. 6 and 7 it will be 
seen that this casing contains in the first place an 
ordinary screw stop valve 4 controlled by the hand- 
wheel 4,, and by which the supply of steam can be 
shut off from the reducing valve when required, The 
reducing valve i! is of the double-beat pattern, and 
it is connected by a rod with a piston / moving in a 
cylinder below it, the arrangement being such that 
the pressure on this piston of the steam which 

ses the reducing valve tends to close that valve. 

he piston & has numerous grooves formed on 
its periphery but has no other packing. From 
the piston & a rod &, is led downwards and coupled 
to a lever /, which is pulled upwards by the tension 
of a spring balance L arranged as shown. ‘The 
spring balance L is mounted so that it can exert its 
pull on the lever 7 at different distances from the 
fulcrum of the latter, this distance being regulated 
by means of the rod L! and hand-lever M, which 
lever is suitably mounted by the side of the regulator 
handle M,. The arrangement is, it will be seen, such 
that according as the spring balance L is made to 
act on the lever / at a greater distance from its 
fulcrum, so will the pressure on the piston 4, ne- 
cessary to effect the closing of the reducing valve 
i', be increased, or, in other words, the higher will 
be the pressure of the steam allowed to pass that 
valve. In this way the pressure of steam supplied 
to the cylinders can be regulated to from 29 |b. to 
1141b. per square inch. 

After passing the reducing valve the steam, on 
its way to the cylinders, enters the large internal 
pipe 1, this pipe; which has a capacity of 1.23 cubic 

eet, being led down through the water in the re- 
servoir as shown in Fig. 1. At its lower end this 
pipe communicates with the casing of the regulator 
valye C by which the admission of the steam to 
the cylinders is controlled. The object of this ar- 
rangement is that the steam, after being wire-drawn 
by passing the reducing valve, shall, on passing down 
the pipe i be slightly superheated, or at all events 
thoroughly dried, and in practice the arrangement 
is said to answer well, the steam as it reaches the 
cylinders being exceptionally dry. 

‘The cylinders exhaust into a chamber B' between 
them, and from this chamber the exhaust steam is 
led up to the air-surface condenser which is mounted 
on the top of the reservoir as shown in Figs. 1 and 
2. The exhaust steam enters this condenser by the 
pipe B, while the portion not condensed escapes by the 
pipe j?, the discharge taking place in such a manner 
as to promote a draught of air through the casing 
J* by which the condenser is surrounded, thus in- 
creasing the efficiency of the condensing surface. 
The water resulting from the condensation of the 


ing the discharge from the cylinder cocks so as to 
avoid the escape of steam. 

The condenser is traversed by 603 vertical tubes 
1 in. in diameter, these tubes e ing a surface of 
376.2 square feet, while the shell of the condenser 
exposes a surface of 28.8 square feet, making a total 
of 405 square feet of condensing surface exposed to 
the air. It is not attempted to condense the whole 
of the exhaust steam, from 30 to 40 per cent. only 
being condensed according to the state of the at- 
mosphere ; the remainder escapes. quietly without 
causing annoyance from noise. 

The remaining details of the engine will be 
readily understood without special description, and 
we need merely add that levers are provided at each 
end for reversing and for controlling the regulator 
valve, while each footplate is provided with a pedal 
¢ for actuating the brake. The total weight of the 
engine is 6.78 tons empty and 8.74 tons in full work- 
ing order. 

In the earlier locomotive made by M. Francq, and 
worked on the Neuilly tramway, a difficulty was ex- 
perienced in obtaining a proper charging of the re- 
servoir, the water in the latter being unequally 
heated, and the result being that after the engine 
had run a few hundred yards, and the water had 
become properly mixed by circulation, the pressure 
fell, In the engine we have just been describing 
this defect has been overcome, the mode of intro- 
ducing the steam which has been adopted being 
found to thoroughly heat the whole of the water in 
the reservoir, thus enabling the full effect to be 
gained from the latter. In the case of the railway 
from Rueil to Marly-le-Roi, the fixed boiler for re- 
charging the engine was established at Port-Marly. 
It is a tubular boiler constructed by MM. Cail, and 
has 547 square feet of heating surface, and 10 square 
feet of grate area, while the volume of its water 
space is 100 cubic feet, and of its steam space 
703 cubic feet, The working pressure of this boiler 
is 225 lb. per square inch, and in regular working it 
evaporates 1650 lb. of water per hour. The charg- 
ing of the engines is performed every 15 to 
17 minutes, and fout, engines can be charged in an 
hour. The connexion between the stationary boiler 
and the reservoir of the engine is, as we have said, 
made by a flexible pipe coupled to the stop valve G, 
and the arrangement is not found to involve any 
difficulty. The distance from Rueil to the station at 
Port-Marly is 7425 metres (—4.61 miles), and from 
Port-Marly to Marly-le-Roi 1855 metres (=1.15 
miles). The gross weight of the train taken is 
183 tons, 

We have, in the present notice, confined ourselves 
to describing the fireless locomotive as constructed 
on MM. Lamm and Francq’s plans, but we propose 
in a subsequent article to deal with the theory of 
the subject, and to show the relation between the 
hot - water storage and the work which such an 
engine is capable of developing. The system is one 
which possesses much interest, and it is, we think, 
deserving of more attention that it has hitherto 
generally received. 








THE TRIAL OF THE 80-TON GUN, 

THE recent experiments at Meppen, and the sur- 
rising power developed by the latest Krupp breech- 
ion. seem to have stirred up a spirit of emula- 
tion on the part of our own War Office. It is 
certainly an achievement to have aroused that 
department of Government from its dream of 
fancied security. The first objects of its sudden 
activity have been the 80-ton guns destined for the 
Inflexible. The original weapon of this class had a 
calibre of 154 in., a len of bore of 24 ft. The 
powder charge was 370 lb., the weight of — 
1700 Ib., the initial velocity 1520 ft. i second, and 
the muzzle energy 2723 foot-tons. e correspond- 
ing dimensions of the Krupp 72-ton gun, as given 
in our number of August 15th, were, calibre 
15.75 in., length of bore 28.5 ft. charge 452 Ib., 
projectile 1711 Ib., initial velocity 1648 ft., and 
muzzle energy 32,271 foot-tons, As it was impos- 
sible to lengthen the 80-ton gun, it was deter- 
mined, according to the official report, to increase 
its power by enlarging the calibre to 16 in., by 
scooping out the ber still further to 17 in., 
and by raising the powder charge to 445 Ib. Under 
these altered circumstances the gun was tested again 
at the Woolwich proof butts on Thursday, September 
llth, with the following results. The first round 
consisted of 425 Ib. of powder and a 1760 lb. pro- 








somewhat steeper angle than that of the cylinders, 








exhaust steam is led down by a pipe j into a small 
tank K under the footplate, this tank also receiv. 


jectile, the initial velocity being 1603 ft. per second. 
in the second round the charge was increased to 
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LAMM AND FRANCQ’S FIRELESS LOCOMOTIVE. 


CONSTRUCTED BY MM. CAIL AND CO., ENGINEERS, PARIS. 


(For Description, see Page 306.) 
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445 lb., and the corresponding velocity was found 
to be 1657 ft., or about 9 ft. per second in excess 
of the Krupp gun. The muzzle energy was conse- 

uently 33,710 foot-tons, and the ‘ penetration 
figure” 670 foot-tons per inch of shot’s circumference, 
as compared with 652 foot-tons in the case of the 
Krupp gun. We presume, however, that this latter 
charge and projectile are in excess of the normal 
service charge, he in the subsequent trials of the 
gan at Shoeburyness, they were reduced to 425 lb. 
and 1700 lb. respectively. If we are right in this 
surmise, the performance of the gun as altered, 
remains considerably behind what has been attained 
by Krupp. 

The subsequent experiments were carried out 
with the object of ascertaining the range and time of 
flight, for a given elevation. On the first day ten 
rounds were fired, viz., five at 1 deg. elevation, and 
five at 3 deg. The range at the lower elevation 
varied from 1121 to 1147 yards, the maximum 
difference being 26 yards; the time of flight was 
2.3 seconds. At 3 deg. elevation the range varied 
from 2525 to 2583 yards, the maximum difference 
being 58 yards, the time of flight varied from 5.2 
to 5.5 seconds, On the second day it was proposed 
to fire several rounds with Palliser and common 
shell, in order to compare the shooting powers with 
each description of projectile, and further to test 
the effect of loaded shrapnel on targets erected at 
200, 400, 600, and 1000 yards, and arranged to re- 
present brigades of infantry in open order, but the ex- 
periments were brought to an untimely end after the 
first round, It was observed that the copper gas check 
became detached from the projectile, immediately 
after the latter left the muzzle of the gun, and pur- 
suing a trajectory of its own, landed some 250 yards 
to the left rear, near some men who were working 
in a brickfield. It subsequently transpired that 
several of the gas checks on the previous day had 
behaved in the same erratic fashion, and it was con- 
sequently decided that the gun was too dangerous 
to be fired any more, and so the experiments were 
brought to aclose. ‘These gas checks were, as we 
have always been informed, meant to put muzzle- 
loaders on a par with breechloaders, by hermetically 
closing the bore of the gun in front of the powder 
gases. A gas check as applied to the 80-ton gun is 
a copper plate weighing 20 lb., which when the gun 
is fired is supposed to expand itself into the grooves, 
and also into the edge of the base of the projectile, 
which is serrated in order to make it stick, It 
appears, however, from recent experience, that it is 
liable to prove more dangerous to friends than to 
foes, just as the 38-ton muzzle-loader of the 
Thunderer did. In this case, as in every other, 
the authorities who have taken upon themselves 
the defence of the nation, were warned before- 
hand what would happen, but they turned a deaf 
ear. Sir W. Palliser drew their attention to the 
dangerous character of the service gas check, and 
pointed out the American ring check invented by 
Captain Butler, U.S.A., which had answered per- 
fectly with the heaviest ordnance in the States, 
and which being somewhat of the nature of a Bramah 
collar, cannot give way. But the advice was not 
taken. The proof of the 80-ton gun for velocity 
must be deemed satisfactory so far as it goes, but we 
find that in 1877 the bore of the 80-ton gun is offi- 
cially given as 16 in., and not 15}in., and this fact 
awakens the suspicion that the gun was not really 
altered in calibre, but that the improved results 
were attained by increasing the charge from 370 lb. 
to 445 lb. Whether the gun will stand these charges 
continuously is very doubtful, 





LIGHTING BY ELECTRICITY. 


THE experiment of street-lighting by electricity, | 


which has been steadily conducted by the Board of 
Works on the Thames Embankment for nearly a 
year, has been again extended by the addition of 
ten more lamps, which were started about a week 
since on Waterloo Bridge. Nine of these lamps are 
on the bridge itself, one being placed over each 
arch alternately on opposite sides of the roadway, 
the tenth is situated over the refuge at the north ap- 
proach, It will be remembered that during the first 
stage of the experiment the Embankment between 
Westminster and Waterloo bridges was lighted b 

20 lamps, and that afterwards 20 more were added, 
forming an extension to Blackfriars Bridge, the 
same motor being employed. The third stage of 
the trial, that above referred to, includes the ten 
lights on Waterloo Bridge, and five more which will 
shortly be fixed in the board-room of the Metro- 





politan Board of Works, while five more, completing 
the capacity of the third Gramme machine recently 
laid down, will be fitted up as soon as the location 
for them is decided on, making in all 60 lights to be 
supplied from the Charing Cross engine-house. 
Some very interesting and valuable results have 
been obtained from this experiment, to which we 
shall refer more in detail when we review the next 
report made by Mr. Keats on the subject. Mean- 
time, we may point out that the cost decreases 
rapidly as the number of lights is increased, and that 
the Gramme machines absorb far less power to drive 
after they have been in use for some time. When 
the Embankment was first illuminated, on the 
13th of December, by the 20 lights, Messrs. 
Ransomes, Sims, and Head’s engine was driven at a 
speed of 144 revolutions per minute, with a pressure 
of 501b., and when an additional 20 lights were in- 
stalled on the 16th of May, the pressure, at first 
60 lb., was reduced to 501b., and the speed from 
144 to 142 revolutions, and it is claimed te the en- 
gineer of the Société Générale d’Electricité that the 
engine indicated only 23.34 horse power when pro- 
ducing the 40 lights, or rather less than was absorbed 
by the 20 lights when first started. The 15 addi- 
tional lights started last week made but com- 
paratively small increased demand on the engine, 
the pressure being kept at 60 lb., and the speed at 142 
to 144 revolutions, From these results it appears 
evident that a very great economy has been effected, 
and that instead of requiring about one horse power 
per lamp, considerably less than half that amount is 
necessary. Certainly as the engine at Charing Cross, 
though nominally of 20 horse power, is capable of 
working up to about 60 horse power, we may ex- 
pect to see the number of lamps served by it nearly 
doubled before the limit of its capacity is reached. In 
two other essential points the Electric Lighting Com- 
pany have made considerable improvements. The 
candles, which were at first consumed in ]4 hours, 
now last during two hours, and all the lights can be 
switched from one point, saving the delay of chang- 
ing them by hand and the expense. In all respects, 
except perhaps that of steadiness of light, great 
advance has been made since the Board of Works 
first commenced this interesting and valuable trial, 
and we believe that before it concludes much better 


results will be obtained. The following facts as to 


the lighting of the Embankment will be of interest. 
The first experiment with 20 lights was commenced 
on the 13th of December, 1878, the second with 40 on 
the 16th of May last, the third with 55 lights on the 
10th of October. The length of the circuit on the 
west side of Waterloo Bridge is 6007 ft.; of that 
on the east side 6092 ft. Since the 13th of December 
last to the 9th inst., the lights have been burning 
1374 hours, during which time there have been con- 
sumed 27,997 candles. The total length of con- 
ducting wire is 17 miles 361 yards, to be increased 
when the Board of Works board-room is lighted 
to 18} miles. The ten new lights on Waterloo 
Bridge are worked by a 20-light Gramme machine 
in two circuits. 

The Société Générale d’Electricité appear to be 
prospering in France, at all events the use of their 
system is increasing rapidly. Among recent instal- 
lations we notice the employment of twelve lights 
during the reconstruction of the Pont des Invalides ; 
of 40 lights at the Bellecceur Theatre in Lyons; the 
lighting of the works of MM. Perrin Panhard and 
Co. ; an arrangement for ten years with the Belgian 
State Railways Department for lighting the station of 
Anvers-Bassin, besides many applications to shops, 
&c. The King of Burmah, too, has bought a large part 
of the available plant of the Indian Electric Light 
Company, consisting of 40 lamps, 8 regulators, 
and 20,000 candles. The engine for driving these 
— was made by Messrs. Ransomes, Sims, and 





YARROW’S TORPEDO BOAT. 


Few could have foreseen seven years ago, when 
the possibility of driving small boats of 50 ft. or 
60 ft, long at speeds of 15 or 16 knots per hour was 
demonstrated, the extent to which this discovery 
would affect naval warfare. The astonishing speed 
results obtained by Mr. Thornycroft were indeed 
at first regarded with something like incredulity, and 
when this feeling had passed, it was still thought that 
such boats as the Thornytroft launches, capable as 
they were of enormous speed for short distances, 
would find but limited employment, and would 
come to be treated as curiosities of marine propul- 
sion truly, but as a branch of naval architecture not 





likely to develop into an important trade. It was 
soon seen, however, that if these enormously swift 
little vessels could be armed with spar torpedoes, 
their rapid motion might enable them to reach an 
ironclad and explode a — under her before 
being herself sunk by artillery fire. Slowly and 
cautiously orders were given by the different Govern- 
ments for one or more swift torpedo boats for pur- 

oses of experiment, but it was not until the recent 

usso-T'urkish war broke out that it became mani- 
fest to the world that the swift torpedo boat was an 
element which would have to be seriously counted 
with in naval warfare for the future. No sooner 
had a few of these boats been launched on the 
Danube, than the Turkish Danube flotilla of gun- 
boats and ironclads became as it were paralysed, 
The blowing up of a Turkish monitor added 
enormously to the impression created, and it gave 
a strong impetus to the building of these torpedo 
launches for all the navies of the world. 

It may of course be said, as it often has been, 
that the blowing up of the Turkish ironclad was 
rendered possible by the almost incredible careless- 
ness and apathy of the Turkish officers and men on 
board, and that if proper precautions had been 
taken, such as would be taken in an English man- 
of-war, it could not have happened. 

This might be perfectly true, and yet the extreme 
value of the torpedo launch as a most formidable an- 
tagonist remain manifest. With a fleet in confined 
hostile waters, the fact that weapons so terrible are 
lurking about in protected places, within perhaps a 
few minutes’ reach ready for a rush, must always 
produce an enormous moral effect, even in daylight, 
and still more so at — for a large portion of a 
ship’s crew cannot be kept circulating round her in 
boats night after night to ward off such reptiles 
without producing a considerable strain. The expe- 
rience of the officers and men of our own fleet in 
Besika Bay, the Dardanelles, and Sea of Marmora 
during the recent critical times, must have brought 
this fact directly home to them. They may, and 

robably did, feel perfectly confident that they were 

ully protected against torpedo boats, but they had 
to pay the penalty of security in restless, ceaseless 
watchfulness, the more trying because against an 
attack that might never come. 

The Russians were among the earliest to re- 
cognise the value of the swift torpedo launch as a 
formidable offensive weapon, and when war with 
this country was imminent, they ordered 100 to be 
built in all haste, hoping doubtless-to use them with 
effect against our fleet under the batteries on the 
shores of the Bosphorus and Dardanelles. 

Certainly the British public dreaded more the 
possible effect of torpedoes upon our huge ironclads 
than that of any other mode of offence the Russians 
would be likely to bring against them, and although 
the same feeling of uneasiness might not have been 
shared in the fleet, the extreme precautions taken 
show that those responsible for the safety of our 
ships were alive to the danger however little they 
feared it. 

As the threatened war did not take place the 
Russians have now upwards of 100 torpedo boats 
lying up in different places, and many in Russia 
condemn the panic which led to so many being 
ordered. It is indeed by no means improbable that 
before they are wanted for active service again they 
will have become useless from want of the needful 
careful attention and maintenance, for both hulls 
and engines soon deteriorate and the Russian officials 
are not proverbial for attention to details when no 
immediate glory or profit is to be obtained. Our own 
Government has not plunged so heavily into tor- 
pedo boats as the Russians, but they have made 
steady progress, and have now a considerable number 
that could soon be made ready for service. We 
have two classes of these boats, the first class bein 
intended for attacking from the shore or from fix 
bases, the second class, which is smaller, is for 
service with the fleet. These latter can, if needful, 
be carried by the ships of the fleet, and in addition 
to this the Hecla is specially fitted up as a torpedo 
store ship, to carry a number of them together with 
a supply of re anne and their ammunition, as 
auxili to the fleet. This is a novel arrangement, 
the carrying out of which we owe to the recent war 
crisis and the vote of credit, to which also, as is well 
known, we owe the several powerful ironclads pur- 
chased by the Government, 

Although all other branches of shipbuilding have 
been passing through a period of depression, the 
trade in launches has been a brisk one ; 
emulation has not been wanting, and it has not 
failed to lead, as usual, to improved results, The 
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Miranda, a boat of 50 ft. length, 6 ft. 6in. beam, and 
3} tons displacement, made a speed of 16} knots 
hour with 58 indicated horse power in 1872. i 
was the first, and, of course, the sensational boat of 
the type. Since that time, with somewhat larger 
boats, the speed has been gradually creeping up 
towards 20 knots, and it has now shot up consider- 
ably above even this, In the early of this year 
our readers will remember Messrs. Yarrow and Co., 
of Poplar, handed over to the Admiralty a first- 
class torpedo boat, which on the official trial gave 


the remarkable speed of 21.9 knots, being a higher 
speed than had been attained by similar vessels 


previously supplied to the Government. We 
publish above, a number of most nage i dia- 
grams showing the results of a series of pro- 


gressive trials made with this boat, varyivg in 
speed from 13 knots up to 20 knots. _ These 
diagrams cannot fail to be of interest, in the 
first e, because they form the most complete 
record yet published of the steam performances of a 
torpedo launch, and in the next place, because they 








record the performances of the fastest vessel of any 
kind that has ever taken the water. 

The dimensions of the vessel are, length over all 
86 ft., beam 1] ft., and displacement 27 tons. Com- 
paring this with the Miranda, it will be seen that 
she is a much larger boat, having about seven times 
as much displacement, and we draw attention to 
this not for the purpose of comparing their péer- 
formances, but to show that there are very !mpor- 
tant differences between the modern — boats 
and the earliest of the swift steam launches, which 
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render it difficult to draw a very close comparison. 
It will be seen, however, that Keeping the same 
proportion of horse power to displacement in the 
torpedo boat as in the Miranda, the former steams 
194 knots against the latter’s 16} knots, and this 

ifference is probably due in great measure to the 
advantage which increased size gives at high speeds. 

The diagrams in the engravings are the same size 
as the originals, it being found that at these high 
speeds the diagram can only be taken steadily 
by reducing the size. The cylinders are 13 in. 
and 22 in, in diameter and 12 in, stroke. The 
diagrams were all taken on the same day, and with 
each set is given the average pressure in the cy- 
linders, the pressure in the boilers, the vacuum, the 
receiver pressure, the revolutions and the speed ob- 
tained. The diagrams also, it will be observed, are 
not confined simply to the high and low-pressure 
cylinders, but embrace the slide jacket, the receiver, 
and in some instances the exhaust passage of the 
low-pressure cylinder, forming, as we have said, a 
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very complete and instructive series. With the 
speed and corresponding indicated horse power is 
given the number of revolutions and pitch of the 
propeller, and a complete “‘ speed diagram” showing 
ing the curves of indicated horse power, indi- 
cated thrust, revolutions per minute, slip and the 
variation in the constants obtained from the 


well-known formula omnis where D is the 


displacement in tons and S the speed in knots per 
hour. It will be observed that as the speed in- 
creases towards its higher limits the indicator dia- 
gram becomes more wavy, owing doubtless to the 
independent vibrations of the spring, but this affects 
the form rather than the area of the diagram. It 
will also be observed that on the speed diagram 
the curves are all more or less wavy, which at first 
sight might also seem due to the difficulty of ob- 
taining a steady diagram even on the reduced size. 
It will be seen, however, that the slip and revolu- 
tion curves partake of this wavy character as much 
as the power curves, and as these are independent 
of the indicator diagrams, this points to some other 
cause, which would probably be found in the vary- 
ing character of the waves accompanying the boat 
at the different speeds. It is a pity a fewruns were 
not made at very slow speeds, as it would be in- 
teresting to see what becomes of the curves as we 
get towards slow velocities. At very high velocities 
it will be seen the resistance does not appear to in- 
crease so rapidly as might have been expected, or as 
it does indeed at some lower speeds. By the publi- 
cation of similar details for a number of such boats, 
and especially where changes have been made in the 
screw propeller, we cannot but think some ve 
valuable light might be thrown upon the still dark 
science of screw propulsion. 








THE CAPTURE OF THE “HUASCAR.” 

TuE feeling of surprise which arose in this country 
atthe news of the capture by the Chilians of the 
Peruvian ironclad Huascar must be accounted for 
not so much by public belief in the fighting powers 
of the vessel in question as in the fact that she 
appeared to be in the hands of a dashing commander, 
while the two Chilian ironclads, that ought long ago 
to have given a good account of her, seemed from 
their performances to be kept out of sight and 
danger. Beyond the telegrams containing the bare 





announcement of the fact that the Huascar had been 
captured by the Chilians we have no news, and in 
the absence of partic which must soon be 
forthcoming, it would be idle to speculate, as some 
of our contemporaries have done, upon the different 
ways in which this event, so disastrous to the Peru- 
vians, might have been brought about. 

We have very fully described in these columns 
the offensive and defensive powers of the Huascar 
(ENGINEERING, page 11, July 4, 1879), and also of 
the two Chilian ironclads Almirante Cochrane 
and El Blanco Encalada (ENGINEERING, June 6, 
1879) with one or both of which she has probably 
been in conflict, 

We have shown that in point of speed and fight- 
ing power either of the two Chilian ironclads, if 
properly handled, would be more than a match for 
the Huascar, but the proviso was an important one, 
and there had been nothing to show that it was 
likely to be fulfilled. Indeed accounts had reached 
this country that the boilers of the two Chilian iron- 
clads were so out of repair as to materially reduce 
their speed, and that in other respects they had been 
neglected. 

The particulars of the capture are awaited in this 
country with much interest, for it is possible they 
may throw some important light on the fighting 
qualities of ironclads. If it turns out to have been 
a well-sustained fight, in which the various modern 
devices were freely brought into play, we may get 
some valuable information. Even if the Huascar 
got crippled early by a lucky, or for her unlucky, 
shot, attention will thereby be drawn to a danger 
to be the better provided against. We must not 
forget, however, that after expecting useful data 
from the battle which cost the Fesushans the Inde- 
oe peer we were disappointed to find that she 

ad simply come to grief through chasing a Chilian 
gunboat into shallow water, and getting aground. 
It may turn out to be something equally tame that 
has brought the Huascar’s career—at least in the 
Peruvian Navy—to a close, Whatever the cause, 
the Peruvians have been peculiarly unfortunate in 
the loss of the only two ironclads that could be 
counted upon for service against the Chilian fleet. 
At the commencement of the war the navies of the 
belligerents were not so unevenly matched but that 
a stroke of ill-luck might have thrown the prepon- 
derance of strength to either side. Had either of 
the Chilian ironclads been lost early in the war 
there can be little doubt, judging from what the 
Huascar alone has done, that she and the Indepen- 
dencia combined would have made it extremely 
harassing for the remaining one and the unarmoured 
vessels of the Chilian Navy. As it has turned out 
fortune has favoured the Chilians, although so far 
as could be judged by the reports reaching this 
country, the balance of enterprise has appeared on 
the side of the Peruvians. Particalars of the en- 
gagement which has practically destroyed the fight- 
ing power of the Peruvian fleet may, however, restore 
the prestige of the Chilian Navy, which has cer- 
tainly been going downward rather than upward 
since the commencement of the present war. 





IRON AND STEEL AT HIGH 
TEMPERATURES. 
On some Physical nena occurring in Iron and Steel at 
High Temperatures.* 
By THomas WRIGHTSON. 
(Continued from pure 285.) 
Part II. 

Ovr next subject is the curious effect of cooling bars or 
rings by partial immersion in water. Bearing in mind the 
results at which we have arrived, viz., that wrought iron 
contracts when immersed in water after heating, and that 
when allowed to cool in air it remains of the same dimen- 
sions, let us ask what would be the behaviour of a bar or 
circular hoop of iron cooled half in water and half in air, 
the surface of the water being parallel to the fibre and at 


TY | right angles to the axis of the hoop. 


Arguing from the results of Experiments 1, 2, and 5, it 
might be expected that the lower portion cooled in water 
would suffer permanent contraction ; and, arguing from 
Experiment 3, that the upper or air-cooled edge would not 
alter. This apparently legitimate conclusion is completely 
disproved by experiment. ‘This will be seen by a reference 


to Experiments 6, 7, and 8. 

In No. 6 a circular hoop of ht iron was forged out 
of a 3 in. by in. bar, the exte: diameter being about 
18in., the breadth, 4in., being parallel to the axis of the 
hoop. This hoop was heated to redness, then plunged into 
cold water half its depth, the upper half cooling in air. The 
changes in the external circumference of the hoop were 
accurately measured after each of twenty successive cool- 
ings, at the end of which the external circumference of the 


* Paper read before the Iron and Steel Institute at the 
Liverpool Meeting. 








water-cooled edge had increased 1.24in., or 2.14 per cent. 

of its original length, and the air-cooled edg¢ had contracted 

7.9in., or 13.65 per cent. 

E iment No. 6.—Wrought-iron hoop, 3}in. by tin. b 
about 18in. in diameter, or exactly Bet in. in alin 
ference at top, and 57.95 in. at bottom edge. 
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Hoop after 20th cooling. 


It will be observed that we have here two remarkable 
phenomena: 1. The reversal of the expansion and con- 
traction as described; 2. The very large amount of con- 
traction on the upper edge compared with what was ex- 
hibited in Experiment 5 of entire submersion. 

The Table showing iment 5 gives a contraction of 
2.25 per cent. after the twentieth cooling, whereas the 
contraction on the air-cooled edge of Experiment 6 is 13.65 
per cent., or six times the contraction of an entirely sub- 


merged hoop. 

To ascertain whether these unexpected phenomena had 
any connexion with the circular form of the hoop, Experi- 
ment 7 was made with a straight bar of iron 3} in. deep by 
tin. thick by 28.4in. long. 

Experiment No. 7.—Wrought-iron bar, 3} in. by}in. by 

28.4 in. long, heated to a dull red, then quenched half its 

depth in water. 











Wa 








Length on top. edge, 28.4in. before experiment. 
Length on bottom edge, 28.4in. before experiment. 
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This was cooled half in air and half in water, and the 
length of the two edges measured accurately after each of 
twelve coolings. At the end of this experiment the air- 
cooled edge had contracted 6.9 per cent., while the water- 
cooled fe had expanded 1.55 per cent. of the original 
length. ‘The effect on the bar was to make it gradually 
curve, the wate~-cooled or extended edge becoming convex, 
the air-cooled or con’ concave. 

Experiment No. 8 was made in order to show the effect 
of reversing this cooling process. After five coolings, a 
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bar of iron, 28in. long, 3iin. deep, and din. thick, was 
curved so that the versed sine of its air-cooled edge was 
lgin. The coolings were then rev ; what was the air- 
cooled edge being then immersed in water. After five more 
coolings the bar was restored to within jin. of being 
straight, and the eleventh cooling threw the concavity on 
the other side of the bar. 
Experiment No. 8.—Wrought-iron flat bar, 28in. long x 
in. X}in., heated to dull red, then quenched half its 
qe in water, up to five heats, then the opposite edge 
ipped. 

















Reversed Cooling. 
eet Versed Sine 
— Air-Cooled ™ _ of Concave, #.¢., 
. now 
Rage. Water-Cooled 
Edge. 
in. in. 
1st cooling is 6th cool 1 
2nd _sés,, Ys 7th ,, 
Srd_séis,, a Sth ,, scant. 
4th =,, 1 Sth ,, # full. 
Sh ,, 1} 10th ,, $ 
llth ,, brought concavity 
} in. on other side. 





Fig. 70. 





Experiment No. 10.—Wrought-iron hoop, turned and 
bored, 6 in. diameter (18.85 in. circumference) outside b 
2 in. deep by .375 in. thick, heated to redness, then cooled, 
with lower edge barely touching the water (see Fig. 12 
for final form of hoop after twenty heatings and coolings), 

















Top Edge. Bottom Edge. 
Con- Per- Con- Per- 
baie traction.|centage of | traction. centage of 
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Cireum-| Circum- |Cireum- Circum- 
ference. | ference. | ference. ference. 
in. in. 

After 5th cooling} .10 53 16 85 
» 10th 22 1.17 34 1.80 
20 32 1.70 48 2.54 
ad = .48 2.54 | 62 3.30 











Experiment No. 11.—Wrought-iron hoop turned and bored, 
6 in. diameter (18.85 in. circumference) outside by 2 in. 
deep by .375 in. thick heated to redness, then cooled one- 
fourth its depth in water (see Fig. 13 for final form of 
hoop after twenty heatings and coolings). 





weed 


Experiment No. 13.—Wrought-iron h turned and 
bored, 6 in. in diameter (18.85 in. circumference) outside 
by 2 in. deep by 375 in. thick, heated to redness, then 
cooled three-fourths its depth in inches of water (see 
Fig. 15 for final form of hoop after twenty heatings and 
coolings). 
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Experiment No. 14.—Cast copper ring turned and bored to 























When the author had proceeded thus far, these curious 
results were shown to several ating onus men, who 
ressed interest in the subject, which encouraged the 
author to extend his experiments under varied conditions, 
with a view of ascertaining the cause for these anomalous 
effects. These experiments (Nos. 9 to 15) are fully recorded, 
and the results shown on the diagrams ; the actual rings are 
also on the table before you. 


Experiment No. 9.—Wrought-iron hoop, turned and bored, 
37.1 in., outside circumference by 2.95 in. deep by .44 in. 
thick, the grain of the iron running the short way of the 
bar from which the hoop was made, heated to redness, 
then cooled half its depth in water (see Fig. 11 for final 
form of hoop after ten heatings and coolings). 
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2in. deep by .375in. thick, heated to ness, 





cooled one-half its depth in water (see /- 14 for final 
in 

















Top Edge Bottom Edge, same dimensions as Nos. 10, 11, 12, and 13, heated to 
Fae \" seal ange te red , then cooled half its depth in water (see Fig. 16 
—_= Per- Per. for final form of hoop after twenty heatings and cool- 
Contrac-|entage of centage of ings). 
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occupy much time in analysing 























twenty heati 4 It will be unnecessary to 1e in p 
form of hoop after twenty heatings = coolings) ho caperine nts, as any one who takes a practical = in 
” the subject will have full information in the 8, 

Top Bage. Bottom Edge. tables, a specimens exhibited. No explanation appeared 
- to be forthcoming until Professor Stokes drew attention to 
the fact that, in 1863, similar phenomena had been noticed 
Con- Per- |Expan- | Per- | by Colonel Clark of the Royal Engineers. His experi- 
— traction.|centage of | sion (centageof | ments, made at the Royal Arsenal, Woolwich, ,,Wwere 
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Experiment No. 15.—Forged steel hoop, turned and bored, 
18.53in. in circumference outside by 2.375in. deep by 
.27 in. thick, heated to redness then cooled one- its 
depth in water (see Fig. 17 for final form of hoop after 
three heatings and coolings). 
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diameters would ny agree. Now in the actual experi- 
ments the independent motion of the two parts is impossible 
on account of the continuity of the metal; the under part 
tends to pullin the upper, and the upper to pull ont the 
under. In this contest the cooler metal, being the stronger, 
prevails, and so the upper part gets pulled in a little above 
the water-line while stillhot. Butit has still to contract in 
cooling, and this it will do to thefull extent due to its temper- 
ature, except in so far as it may be prevented by its connexion, 
with the rest. Hence, on the whole, the effect of this cause is 
toleave a permanent contraction a little above the water line, 
and it is easy to see that the contraction must be so much 
nearer to the water line as the thickness of the metal is 
less, the other dimensions of the hollow cylinder and the 
nature of the metal being given. When the hollow cylinder 
is very short, so as to be reduced to a mere hoop, the same 
cause operates; but there is not room for more than a 

—, inclination of the surface, leaving the hoop 

evelled.”’ 

The expansion of the bottom edge was not noticed in 
Colonel Clark’s paper, perhaps owing to the much smaller 
hoops which he used in experimenting. Accepting Pro- 
fessor Stokes’ explanation of the top contraction, it appears 
that expansion of the bottom may * accounted for by the 
reacting strain put on the cooled edge when forcing in the 
top edge, acting in such a way as to prevent the cooled edge 
coming quite to its natural contraction, and this, when 
sufficiently great, expresses itself in the form of a slight 
expansion. 

It is needless to say that had the author known that the 
subject had been partially investigated before, he would 
not have made so many accurate experiments. Should the 
Iron and Steel Institute publish the results, it will perhaps 
serve to prevent some one else going over the same ground 
again, and will, in addition, be a record of some very 
interesting effects of varying temperature in the deforma- 
tion of iron, which to some extent may be of apractical 


value. 
(To be continued.) 








NOTES FROM THE NORTH. 
‘ Guiascow, Wednesday. 
Glasgow Pig-fron Market.—The warrant market was 
again backward on Thursday, and prices fell at first steadily 
to the extent of 2s. per ton, and after a slight upward turn 
they closed at 59s., or 3s. 6d. per ton below Wednesday’s 


Flatness was the rule this forenoon at the opening, and 
from 58s. 3d. to 60s. cash paid. Buyers remained over at 
59s. 3d., sellers asking 59s. 4¢d. As low as 59s. 1}d. was 
accepted in the afternoon. It seems now that the smaller 
class of speculators have got pretty well frightened out of 
the market by the recent heavy fluctuations in price, which 
may be expected to make the position all the sounder for a 
time. The continual changing of the account, and the fact 
that many small investors gone in fora quick turn only, 
and not to hold, has made warrants very plentiful. high 
rates of interest are being paid to carry over. In dap oe. 
of the American demand, which continues to be the chief 
feature of the trade, there is a considerable diversity of 
opinion exp as to its permanency. There are some 
persons who assert that it is only a temporary spurt, and 
that it will soon pass away. But by advices received from 
well-informed men connected with the American iron e, 
this does not at all seem likely to be the case, and by cable 
advices received in Glasgow daily there is no indication of 
a falling off. Good sales have been made on the other side 
at top prices, and considerable inquiries and orders have 
been received here during the past few days ; indeed, there 
seems to be little occasion to fear a collapse in the demand 
from America for some months to come. A large amount 
of shipping tonnage has recently been engaged on the Clyde 
for American ports ; vessels are offering freely, and freights 
are, therefore, somewhat lower than they were a short time 
ago. Last week’s shipments were very large, amounting 
to 20,544 tons, as against 10,362 tons in the corresponding 
week of last year. The total increase for the year is now 
108,362 tons. At the end of last week there were 85 blast 
furnaces in actual operation, as compared with 93 at the 
same time last year. Large quantities of pig iron continue 
to be transferred from the makers’ yards into Messrs. 
Connal and Co.’s stores, and the total stock there up till 
last Friday night was 328,259 tons, showing an increase for 
the week of 8505 tons. 


Portland Iron Works.—It is reported that, after stand- 
ing idle for a very long the blast furnaces at Port- 
land Iron Works, near Kilmarnock, are to be put in blast 
immediately. There are six farnaces, all of the old style. 
They belong to the Eglinton Iron Company (Messrs. William 
Baird and Co.) 


Leith Docks.—There has already been spent on the new 
dock works of Leith the sum of 238,142. 


» and 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Chesterfield and Derbyshire Institute of Engineers.—A 
ar pe meeting of the members of this Institution was 
eld on Saturday evening in the Stephenson Memorial Hall, 
Chesterfield, under the presidency of Lord Edward Caven- 
dish. The president expressed great t at having been 
absent from them so long, and referring to the opening 
ceremony in connexion with the hall, said the only un- 
satisfactory feature was that it did not produce a large 
amount towards paying off the debt with which they were 
encumbered. There were signs of improvement in the 
iron trade, and he hoped the same thing might soon be said 
of the coal trade. He thanked Mr. C. E. Jones for the 
v7 valuable papers he had contributed to the Institute, and 
said he understood that the lecture given by that gentleman 
in connexion with the opening on the subject of ‘‘ coal gas’’ 
was one of the most successful ever delivered in Chester- 
field. A discussion, afterwards adjourned, took place on 
Mr. John Beardsley’s r on “The Ventilation of 
Mines.’’ Mr. Herbert Phillips read a paper on ‘A New 
Form of Safety Lamps,’’ patented by W. Furday ; and Mr. 
C. E. Jones the fourth of a series on “‘ The Manufacture of 


rice, making a decline of 9s. on three days and a half. | Coal Gas 


rices moved up from 59s. to 68s. in two days and a half. 
Business was done in the morning at 63s., an advance of 
6d. per ton, but prices gradually declined to 61s. and thence 
improved to 61s. 9d., closing sellers at that price, and 
buyers at 61s. 6d. There was a further decline in the 
afternoon, from 61s. 9d. to 60s., and after hours to 59s. 
cash, the market closing with buyers at the latter rate 
and sellers asking 3d. more. Friday’s market opened very 
depressed, and buyers were shy. Urgent sellers were 
numerous, and they were found open to accept about 2s. 
under the previous day’s closing price. This gave a 
stimulus to buying, and prices soon recovered, and closed 
1s. over Thursday’s close. In the forenoon business 
was done at from 57s. 3d. to 59s. 3d. cash, and from 
58s. to 59s. 9d. one month, closing buyers at the higher 
price, and sellers 3d. over. There were transactions 
in the afternoon at 59s. 9d. to 60s. 3d., then at 60s. 
cash, and at the close buyers offered 60s., and sellers held 
out for 3d. more. Considerable excitement again prevail 
in the market on Monday, when speculation was rife. 
Ontsiders, attracted by the reports o profits made, 
were attracted to buy in the hope of a sudden rise taking 
lace, in consequence of which the market was in an un- 

ealthy condition, which was also contributed to by the 
speculative buying in view of the reported demand from 
America. A feeling existed amongst competent ie 
that prices were bound to decline still further, and that 
speedily, although there is every reason to believe that pig 
iron will be in pretty good demand for some time to come. 
On Monday forenoon there were purchases made at from 
63s. down to 61s. 10}d. cash, and at the close buyers offered 
62s. cash, while sellers asked 62s. Business was done 
in the afternoon at 62s. 6d. cash, 63s. and 62s. 9d. fourteen 
days, the market closing with sellers at 62s. 44d. cash, and 
62s. 9d. fourteen days, and buyers 14d. less. Yesterday’s 
market opened very firm, with a good many lots done at 
62s. cash to 62s. 6d. fourteen days, after which the price 
rapidly fell to 59s. 9d. cash accepted, recovering to 60s. 9d. ten 
days, and the forenoon market closing with sellers at 59s. 9d. 
cash, The afternoon prices ergs from 60s. down to 
59s. cash, with sellers over at the close at the lowest point. 





Goole and Crowle Railway.—By an ent made 
with certain of the landowners at Goole and district the 
line which it is proposed to construct between Goole and 
Crowle will be so diverted as to avoid those estates about 
which opposition is likely to arise. 

Mining Engineering.—On Monday night Mr. Arnold 
Lupton, F.G.S., instructor in the mining department of 
the Yorkshire College, delivered a tg: em ge address 
on mining engineering. There wasa large attendance at 
the Leeds <9e Hall, in which the address was 

iven. Mr. H.C. Briggs (Messrs. Henry Briggs, Son, and 





.) presided, and gst those present were Mr. E. 
Baines, Mr. J. M. i- Musgrave, essor Riicker, Dr. 
Heaton, Mr. John Lupton, &c. The speaker dealt at 


+ length on the subject of ‘‘colliery accidents,” and 
aving shown the number of deaths in collieries in propor- 
tion to the number employed, said if all ranks and com- 


ed | munities in this country carried on their work as well as 


colliers, colliery managers, and coalowners, the number of 
‘* excessive deaths’’ would be reduced one-third, and 25,000 
lives would be annually saved. The comparative safety of a 
modern coal mine was due to the constant efforts of those 
connected with them, guided by the great experience of the 
coal-mining community ; but the least relaxation of effort 
or diminution of capacity on the part of those who con- 
trolled our mines would result in an increase of accidents. 
It was only by study and scientific training that the rising 

meration could escape the alternative of bitter experience. 
The lecturer added: The prevention of accidents cannot 
suddenly be attained by any method. Accidents cannot be 
prevented except by the gradual education of all concerned, 
first of all, to value their own lives and the lives of otfiers ; 
secondly, to know the means of avoiding accidents ; thirdly, 
to bave the strength, skill, coolness of ju mt, and 
prompt decision and action, without which those who 
are engaged in coal mining will sooner or later fall 
victims to those forces of nature which always on 
the alert to take advan of every mistg%e. This prac- 
tical education of hi and of others constitutes the 
second great department of a mining engineer’s work, and 





so important and absorbing is this occupation that it often 
occu the foremost place in the engineer’s attention, 
causing him often to think more of the safety than of the 
economy of the mine. This determination to make a mine 
safe is found in practice to lead to economy. The safest 
method of working a coal mine is the cheapest, and it is 
found that the cheapest method of working a mine is the 
safest. The speaker went on to say: It may not be out 
of place to observe that whilst there are constant out- 
cries against the dishonesty of manufacturers, there 
is 2 ee that there is a great deal of honesty; 
250,000 men twice every’day trust their lives to the honesty 
of the rope andchain maker who undertakes to supply a 
rope of iron or steel of a given quality ‘to hold a given 
weight, and he does so, failing but once in 15,000,000 b 
Ata depth of 1000 ft. every square foot of surface presses 
with a weight of 70 tons upon the ground in the mine, and 
no i of bricks or props of timber can carry this weight, 
and when by the excavation of the coal over a large area 
the rocks give way beneath the load above the men must 
seek safety in flight; but when the ground has ied 
down and filled up the empty 
rocks that have thus occupied pace where the coal 
previously existed. The speaker gave statistics as to loss 
of life in mines, hints on ventilation, and remarked that 
what was wanted was an absolutely safe safety-lamp which 
would give a good light. This, he said, had not yet been 
invented. In conclusion, he said that many men were in- 
clined to forbid the use of gan wder in mines. To pro- 
hibit powder entirely would ike returning to the days of 
bows and arrows in warfare. He should regard it asa 
deep disgrace if a law had to be passed to deprive them of 
the use of the most powerful auxiliary in engineering 
work because those who used it had not proper discretion ; 
but he did not think the charge could be sustained against 
the greater number of colliers, managers, and owners. 


Scarborough and Whitby Railway.—At a meeting of 
the company who have this railway in hand, held a few 
days ago, attention was drawn to the fact that the existing 
powers of the oe ned will cease in a few days 83 some- 
thing is done in the meantime. Endeavours are bei 
made to recommence the work of constructing the line. 


Accessions of Orders in the Heavy Trades.—During the 
oe fortnight some very heavy orders for steel rails have 
‘ound their way to the Sheffield mills, and it is said that 
one firm has orders on hand for nearly 30,000 tons. Prices 
have risen 10s. pe= ton, and 41. 5s. is asked. Several large 
iron mills in the locality are also running full time, very 
large orders for bars and plates having been placed. Man 
of the favours are from the States, but the Scotch deman 
is greatly improving, and the East Indian market is takin 


roads in the 
. are cut in 


large quantities of Bessemer steel manufactures, The | 
engineering firms are much busier, mostly on machinery of 
the heavy trades and collieries. 





NOTES FROM THE SOUTH-WEST. 

The Severn Tunnel Works.—Major Ford, one of Her 
Majesty’s inspectors of mines, has, in consequence of certain 
remarks ie by the coroner (Mr. W. H. Brewer) at an 
inquest, recently opened at Caldicot, commenced a thorough 
prestienten as regards the ventilation of the Severn 
Tunnel works. On Friday he gave his attention to the 
works on the Gloucestershire side of the Severn, and on 
Saturday passed over to Portskewet and examined the 
three shafts in Monmouthshire. 


The Port of Swansea.—Notwithstanding the improve- 
ment which has taken place in the tin-plate and other 
trades, the increased prosperity of the port of Swansea is 
hardly appreciable. During the month the number of 
conan oniead was 411, not so large as in some of the 
oe me months, although it is gratifying to note that 

uring the past year there is only one month—May—in 
which the tonnage was greater than it was in September. 
The working of the General Harbour Estate for September 
shows @ surplus of 1991., the receipts and —— 
being below those in the corresponding period of 1878 ; but 
the South Dock Estate, as usual, shows a deficit of 73U. 
There is a surplus of 3541. on both estates for the past 
three months, as against a surplus of 15881. in the same 
period of 1878. It expected a further improvement in the 
tin-plate trade will soon take place, and this revival, if last- 
ing, cannot fail to have a beneficial effect on other trades 
in the neighbourhood of Swansea. The construction of the 
East is being carried on with great spirit by Mr. 
Walker, the contractor. 

Iron Shipments from Cardiff.—Iron was despatched as 
follows last week from Cardiff : Rails to Point , 1500 
tons by the Dowlais Iron Company; New York, 950 tons 
by the Rhymney Iron Company; Santos, 408 tons by 

essrs. Guest and Co.; bars, to Syra, 200 tons by the 
Dowlais Iron oe ; and 100 tons to the same place by 
Messrs. Jones, Heard, and I m ; hoops, 100 tons to 
Palermo, by Messrs. Insole and Son; total, 3258 tons. 

Colliers’ Strike.—On Saturday the colliers at New Rhos 
Drift struck work owing to a dispute about one-eighth of a 
penny per ton in the ars of cutting coal. An early 
arrangement is expected. 


Tue GzeRMAN Iron Trapz.—A circular issued by 13 of 
the largest German manufacturers of pig iron announces 
an advance of 13 per cent. in the price of pig, while fhe 
pipe and tube manufacturers have united to increase the 
price of those materials by 13 per cent. : 





SEVASTOPOL.—Certain American capitalists have offered 
to builda navy yard at Sevastopol, for the constru: and 
maintenance of a Russian volunteer fleet of cruisers. The 
Russian Government is examining the B atc which is 
favoured by some of the members of the ussian Volunteer 
Fleet Committee. 
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FOREIGN AND COLONIAL NOTES. 

Rolling Stock on the Chicago and North-Western Rail- 
road.~In the course of the year ending May 31, 1879, the 
Chicago and North-Western ‘Ralbece Company added to its 
rolling stock 8 locomotives of the first class, built in the com- 
pany’s shops, and 712 cars of different sorts, viz., 10 first- 
class mger cars, 1 parlour car, 400 box freight cars, 
150 platform cars, and 1 pile-driver car. Eleven locomo- 
tives were thoroughly rebuilt, and 5 of them changed to 
coal burners. One beguage, 25 box freight, 28 live stock, 
69 platform, and 3 ca e cars have been taken up and 
rebuilt in the company’s shops. The equipment of the 
whole road (2129 miles) on the 3lst of May, 1879, consisted 
of 377 locomotives, and 10,354 cars, viz., 3 parlour cars, 
159 first-class, and 29 second-class passenger cars, 69 
baggage and express cars, 15 mail cars, 142 caboose and 
way cars, 4 paymasters’, directors’, officers’, and business 
ears, 18 boarding cars, 5766 box freight, 1359 platform, 
754 live stock, 28 dump, 1957 iron ore, 40 ditching, and 14 
pile-driving, wrecking, &c., cars. 

American Bridge Building.—The Penn Bridge Works, 
Beaver Falls, have been awarded a contract for | ere up 
five iron bridges in Frederick County, Maryland, and two 
in Canton, St. Lawrence County, New York. They are 
now building one in Iowa, the third one put up by them in 
that State in the present year. A contract for steel for the 
Niagara suspension bridge has been awarded partly to 
Hussey, Howe, and Co., and partly to Cornegio Brothers 
and Co. The floor beams forthe bridge are to be 15-in. I 
beams, of 150 lb. to the yard. Part of Cornegio Brothers 
and Co.’s order consists of 6-in. channel bars, which will 
be made of Bessemer steel from the Edgar Thomson Steel 
Works. 


Drainage of Adelaide.—Plans for the construction of a 
system of sewers at Adelaide, South Australia, have been 

repared in the Colonial hydraulic engineer’s office under 
the supervision of Mr. d Brown. , The main sewer is 
to start from the Frome-road, near t..e Exhibition building, 
where the fall is considerable. It is to run thence along by 
the North Park lands, on the south side of the river, 
crossing under the archway in King William-road, and 
following the course of the ‘Torrens to the Railway Bridge. 
At this point it will be carried across the river by means of 
an iron tube, measuring 3 ft. Gin. in diameter. Hence it 
will go past North Adelaide to a point to be selected for a 
sewage farm, as to which negotiations are now pending. 
Near the starting-point, the main sewer will be joined by 
an earthenware oe ft. in diameter, which will convey 
into it the sewage from a —_— of Adelaide, near East- 
terrace, also eventually from Norwood and Kensington. 
The sewage from College Town, Hackney, and Stepney 
will be brought by an earthenware pipe 18 in. in diameter, 





which will join the main sewer near the Frome-road. The 
drainage from Lower North Adelaide will be brought 
across the river beneath the City Bridge, and will fall into 
the main sewer near the King William-road. Besides a 
few small branches from the city across the North-terrace, 
there will be no other branches until the neighbourhood of 
the Cattle Market is reached, when the branch sewer from 
West-terrace will join in and will bring the sewage from 
the greater part of the city. The dimensions of the main 
sewer, starting from the Frome- , and running along 
the North Park lands as far as King William-road, are 
3 ft. 6 in. by 2 ft. 4 in., and the portion from King William- 
road to the Cattle Market, to where it reaches the junction 
with the sewers from North Adelaide, Prospect, Bowden, 
Brompton, and Hindmarsh, with the exception of the cross- 
ing under the a bridge, will measure 5 ft. by 3 ft. 4 in. 
From that point to the sewage farm, wherever that is to be 
situated, there willbe a covered channel of semicircular 
form 5 ft. across. Manholes are to be made every 200 
= on the line of thejsewer, and holes 18 in. by 9 in. are to 
made every 100 ft. for purposes of ventilation. There 
will be about 44 miles of concrete sewering constructed, 
and along East-terrace the piping will measure a mile, and 
is to be made gradually enlarging until it joins the main 
sewer. Along West-terrace the concrete sewer will extend 
about a mile. The articulations for draining the streets 
and various parts of the city will of course be extensive, 
but are not in the contract now being referred to. The 
articulations will consist of pose varying from 4 in. to 15 in. 
in diameter. The onunk of the main sewer will v: 
from 1 in 300 to 1 in 1000. The sewers will be egg-shaped, 
and will be constructed of cement concrete, and formed 
upon iron moulds, designed specially for the purpose by the 
hydraulic engineer. Where water is met with in the exca- 
vations, provision will be made by means of a small 
ipe beneath the main sewer to keep the trenches dry 
> the progress of the work. It is the intention of the 
South Australian Government to acquire an area of land 
some 400 or 500 acres in extent, upon which to utilise and 
purify the sewage of Adelaide. 


A Test of Steel Rails.—A remarkable test of the strength 
of steel rails was made some time since on the Grand 
Rapids and Indiana Railroad. At a crossing which had 
been washed by a freshet, so as to leave 12 ft. of the rails 
on both sides of the track without any support, a heavy 
freight engine with several loaded cars passed over in safety. 
Spe aes wee eames oe a ae Se a shape 
in time to avoi e crossing, and the engineer, seeing the 
danger ahead, applied more steam, and passed oar the 
chasm, much to his surprise, in safety. After passing over 
the train was stopped, and the rails at ped gs mentioned 
were found on examination to be of » made at the 





Cambria Iron Works, Johnstown, Pennsylvania. One of 
the rails exhibited on close examination a slight fracture at 
one point only; both rails were slightly bent by the pres- 
sure, but were not so much injured as to make it necessary 
to abandon them. 


American Locomotive Building.—The Baldwin Locomo- 
tive Works have been busy lately, and expect to turn out 
this year considerably over 300 locomotives. They have 
now on their books orders for 15 engines for the Cincinnati 
Southern Railroad, 14 for the Chicago and Alton, 6 for the 
Kansas Pacific, 5 for the Chicago, Burlington, and Quincy, 
and 3 for the Burlington, Cedar Rapids, and Northern. 
They are also developing a South American trade, havin; 
in course of construction several engines for Brazil, as we 
as being now engaged in building the first locomotive for 
the first railroad in Guatemala. They have a variety of 
smaller orders on hand. There are about 2000 men now 
employed at the works. 


Austrian Railways.—The administration of the Austrian 
State Railways proposes to raise new capital to the extent 
of 3,000,0001. ‘Lhis sum is to be applied to the construc- 
tion of five branch lines, two of which are in Moravia and 
three in Hungary. 

Iron Pipes, §c., for New South Wales.—Messrs. D. and 
W. Robertson, iron and steel merchants of Sydney, Lon- 
don, and Dundee, are again the successful tenderers for the 
supply of cast-iron pipes required by the Sydney corpora- 
tion. This firm has lately cougheten the delivery of 1778 
tons of pipes to the corporation, and their present contract 
isfor thesupply of a similar quantity, part of which is 
already well in hand, and will be shipped almost immediate] 
for Sydney. The ironwork for Fitzroy Bridge, over Sout 

reek, Windsor, New South Wales, is also being executed 
by this firm. 

Melbourne Harbour Trust.—The scheme of Sir John 
Coode for the improvement of the port of Melbourne came 
under the consideration of the Melbourne Harbour Trust 
recently, when a special meeting was held to decide on 
minor details, with a view to the preparation of a plan for 
use by the Victorian Parliament when an amended Bill is 
brought in. 

River Steamers for Brisbane.—A project is being mooted 
to introduce river tt as a means of suburban traffic 
at Brisbane, Queensland. Down the river there are the 
populous suburbs of Breakfast Creek, Bulimba, and 
Shafton ; up the river is Toowong, and a considerable 
scattered population along the banks ; there are also 
pleasant little localities which would be at once converted 
re suburban dwellings if the river were made into a high- 
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GAS WASHERS AND SCRUBBERS. 
No, Iii. 
By R. H. PAtrerson. 


THE next of the. new gas-washers to be described 
is Saville’s ‘‘ Self-distributing Serubber-washer.” 
Theoretically its principle of construction appears 
excellent ; and not merely upon this account does it 
merit notice, but also as showing how carefully 
water and gas have to be treated, in complicated 
machines, before they will act in accordance with 
preconceived ideas. 

The first part of Saville’s apparatus is substantially 
the same as Anderson’s ; viz., a trough of water at 
the bottom, through which the gas is passed before 
entering the main body of the apparatus, in order 
to get rid of the tar. In so far as relates to the 
removal of the tar, this trough, like Anderson’s, 
merely does the finishing work of the condensers, 
But this operation is much more requisite in Saville’s 
washer than in Anderson’s, because Anderson’s 
brush-wheels can readily be removed and cleaned, 
each compartment separately ; whereas (as will be 
seen from its construction) when Saville’s washer 
becomes clogged with tar, the whole apparatus will 
require to be thrown out of action and taken to 

ieces. 

Above this bottom trough, we come to the main 
body and distinctive part of Saville’s apparatus. 
The gas ascends from the trough into a chamber 
‘‘containing an area of about eight times that of the 
inlet-pipe ;” wherein, of course, the velocity of the 
gas is proportionately lessened, allowing of a longer 
contact between it and the water. This chamber 
contains the machinery for washing the gas. Across 
the interior of the chamber there stretches a row or 
belt of small ‘ self-sealing” troughs, arranged in tiers 
(about six or eight deep); and the gas is designed to 
“pass through the various dips” into the open space 
above (the upper part of the chamber), from which 
it thereafter passes out by the outlet main, Clean 
water is made to descend through this upper part 
of the chamber upon the uppermost row of ‘ dips” 
or small washing-troughs, descending through 
the half-dozen tiers of these dips, while the gas 
ascends. 

This apparatus has an advan as regards the 
working of it, ‘being (as stated by the inventor) 
entirely self-acting, requiring no motive power 
either for purifying or distributing.” 

To show clearly the distinctive and most im- 
portant part of this apparatus, viz., the belt of small 
water-troughs (each 1}in. in depth) which crosses 
the gas chamber, we publish a section (Fig. 1) of 
this part on the following page. 

It certainly appears as if the gas must be well 
washed’ when ascending through this series of 
troughs, but in the only gasworks where 1 have 
seen it in operation, this washer gives unsatis- 
factory results. That is to say (for this is the 
real test in such cases), the gas is much less pu- 
rified from ammonia by this machine, of any given 
size, than in some other washers of equal size or 
cost. 

One of Saville’s “ scrubber-washers” was erected 
two years ago at the Vauxhall works of the Pheenix 
Company ; and when Anderson’s new washer was 
also erected in those works the two machines were 
worked together, and a trial was made of their 
relative efficiency. The quantity of gas operated 
on being 35,000 ft. per hour, it was found that 
the gas as it left Saville’s apparatus contained 
about 50 grains of ammonia per 100 ft. ; whereas, 
when Anderson’s machine was placed first, the gas 
was so thoroughly purified that it did not show a 
trace of ammonia. The test employed in this latter 
case was to pass the gas through a reddened 
solution of litmus, and the solution remained un- 
changed in colour for 48 hours. 

The chief cause of this inefficiency of Saville’s 
washer appears to be the shortness of the time 
during which the gas is brought in contact 
with the water. Exclusive of the bottom box 
or trough, the gas is in contact with the water 
throughout only 12 in. of its course, that being the 
entire depth of the belt of little troughs in the 
chamber. Also I do not believe that the entire 
length of the belt of troughs is really in effec- 
tive on; for, if the drawing of the appa- 
ratus looked at, it will be seen that the gas 
must have a tendency to take a short ext through 
the nds the _ ae to the a in other 
wo € ill prefer to h onl 
about one-half of the Felt or son of A Of 
course the whole of the chamber will be full of the 





but that all parts of the water-belt are equally 
Sante I cannot believe, ys 
It may be thought that. both of the above-men- 
tioned drawbacks might be removed, and the dura- 
tion of the contact between the and the. water 


greatly prolonged b pes e belt of troughs; 
say, by Foubling te dep while reducing its ~ 1 
by one-half—making the arenqqneeens more vertical 
and less horizontal, whereby all parts of the belt of 
troughs would more certainly be acted upon by the 
ascending gas, Such an alteration, however, is 
virtually impracticable, owing to the heavy ‘ back 
pressure” produced by this apparatus, and which is 
unavoidable when the gas and water are brought in 
contact by the mode adopted—that is, when the gas 
can only make its way by a succession of actual 
displacements of the water. 

e correct ascertainment of the ‘ behaviour” of 
the gas and water in this apparatus is desirable upon 
general grounds with to other such appa- 
ratus as well as this one. Besides the question 
whether the belt of troughs is acted upon equally in 
all parts, or whether (owing to the tendency of the 
gas to take the shortest course from the inlet to the 
outlet) some parts of the belt are comparatively or 
wholly unacted upon, there is the question whether 
the gas really ascends through the series of troughs in 
the manner contemplated by the inventor—namely, 
by a succession of short leaps or rushes, unsealing 
each little trough in turn ; or whether the gas 
blows the water out of several or nearly all 
of the little — by a single rush, the water de- 
scending and refi ry Fa troughs after each rush of 
the gas. Probably this will depend upon the degree 
of velocity or pressure of the gas; but if such an 
unsealing of all the troughs at once takes place at 
all, it would fully account for the unsatisfac- 
tory results obtained from this kind of washer, so 
far as it has yet been tried. 

In all new vessels of this kind it is desirable, 
or rather indispensable, that the original working 
model, if not also the first machine erected on a 
manufacturing scale, should have glass plates in the 
sides, through which the action of the apparatus can 
be seen—a ee which has been followed by Mr. 


i | in his new washers, and (as will be shown 
a -by) with highly interesting and instructive 
results, 


Tue “ STANDARD WASHER AND SCRUBBER,” 

The next new apparatus of this kind to be 
noticed is the “Standard Washer and Scrubber” 
invented by Messrs. Kirkham, Hulett, and Chandler, 
of which the following is a description : 

It consists of a cast-iron tank, formed into several 
separate water-tight compartments; in these are 
placed volutes of sheet iron fitted to a centre shaft, 
which is driven by a pulley, and causes the volutes 
to revolve, each in a separate com ent filled with 
water or other fluid. e cover has partitions fitted 
into it corresponding with those in the tank—sufii- 
cient space being left between the top of the par- 
tition in the tank and the lower edge of that in 
the cover, to allow the gas a free through 
the first volute to the second, and so on to' the 
third, fourth, &c. 

As regards the —_ Lobe maf of construction, this 
apparatus corresponds with the Anderson washer— 
viz., a series of wheels dipping into water at each 
revolution—especially with the first a of 
that washer, in which (as previously mentioned) 
the several compartments were arranged hori- 
zontally, But the revolving wheels are entirely 
different in character. Instead of the brush-wheel 
employed by Anderson, there is in each compart- 
ment a volute, or, king roughly, a-series of 
circular plates of sheet iron, about 3} in. in breadth, 
and with an open space of } in. between each circle 
of wetted plate, through which open spaces the gas 
passes. By necessity of construction, these plate- 
wheels or volutes revolve neither against the gas 
stream (as in Anderson’s washer) nor along with 
it, but transversely to the gas current, and if the 
spaces for the paeage of the be larger than 

e area of the inlet-pipe; is no ‘back 
pressure.” Obviously, it would be advantageous 
if the surface of the. revolving plates were 
roughened, by slight corrugation or indentations ; 
for, by such means, more water would be carri 
round by the wheels at ‘each revolution than 
when (as is the case at it) the surface of the 
plates is smooth. It is almost needless to add that 
the volute form ph ph to the plate-wheels is siraply 
for economy of construction; wheel, in its 


practical effect, being a series of concentric plates, 








i quickly come into 
favour, and to a greater degree than any of its 


rivals, A number of these new washers have 
been introduced into the London gasworks, 
and in comeenl provincial me A and in 
every case with which we are acquainted, the ap 
ratus has given entire satisfaction. As presen. 
the Bromley works of the Chartered Company, 
the apparatus is designed ificati 
of 1,000,000 ft. of gas per day, or rather more 
than 40,000 ft, per hour; and it is found that it 
is efficient to reduce the’ ammonia in this quantity 
of gas below the ammonia maximum of 2} grains 
= 100 ft. of gas, as fixed by the Gas Referees in 
871. The a tus is 16 ft. in length, and the 
breadth (or diameter of the wheels) is 6 ft., the 
whole apparatus being Q-shaped, semicircular at 
the top and square at the bottom. There are eight 
com ents, each containing a volute and a 
louvre. The volute is substantially a series of con- 
centric circles of sheet iron, each 12 in. broad, to 
which the volute form is given for the sake of 
cheapness of construction. ‘The mode of construc- 
tion is this: A coil of sheet-iron plate is attached 
to a central shaft; sharp notches or indentations are 
made at intervals in the plate protruding about } in., 
and thus, as the plate is coiled, there is left an open 
space of din, between each circle of the volute, for the 
gas to pass through. The louvre’is similarly a series 
of concentric circles, but curved, and inclined alter- 
nately upwards and downwards in each compart- 
ment—the object of this being to deflect the gas 
from a straight course through the apparatus, and 
thereby bring it as fully as ble in contact with 
the a surfaces, As the louvresrevolve with 
the wheels, their surface equally acts in the work 
of purification. For 1,000,000 ft. of gas a day, the 
wheels are made to revolve fifteen or twenty times 
per minute. A 9-in, pipe affords an easy flow for 
40,000 ft. of gas per hour, and the gas area within 
the apparatus is made twice as large, so that no 
a ee is occasioned, aenditeaian 
@ apparatus at Leeds gned to purify 

2,000,000 It. of gas a day, or fully 80,000 feet per 
hour, or exactly twice as much as the one at 
Bromley, and accordingly it is made with ‘twice 
as much purifying ace. Its dimensions are: 
Length 20 ft., breadth or diameter of wheels 64 ft. ; 
the cp eee are ten in number, and the plates 
of the wheels are somewhat closer together than in 
the one at Bromley—the interstices being about 
i ; 

As is manifest, this apparatus has the same 
principle of construction and tion as the 
Anderson scrubber-washer, namely, a series of 
wheels revolving in water, each wheel in a separate 
compartment, and the water descending from each 
in succession, Apart from general efficiency, every 
apparatus designed on this principle has a special 
See in Barer oe t ae the purify of 

e water is and every © purifyin 
surface in operation, aboutel raibal ay be the 
quantity of water thro it, As is well 
understood, it is advantageous, indeed indispensable, 
for the sake of obtaining the “liquor” of thie re- 
quisite commercial strength, that the water in 
scrubbers or washers should be reduced in propor- 
tion as the gas is reduced. In‘ summer the make of 
gas is very much less than it is in winter, usually 
only one-half; and with the ‘Tower-scrubber any 
considerable reduction of the supply of water is 
apt to leave the scrubbing or. puritying surfaces in 
some parts dry or imperfectly wetted. 
washers constructed on the principle first 
by Mr. Anderson, no such imperfect action can 
possibly take place ; for, however small the quantity 
i he used, one compartment ou always be 

, and consequen the purif: 
surfaces (the Siwolvicg “whelasy is vonsieathy al 
thoroughly wetted. mes é 

Bry added that there Ha tim 2 seen 
washer-scribber” on ‘the same C8 5 
Dut instead of each wheel about 19 in ced, there 
is in each com t a dozen or more of circular 
metal discs of sheet iron revolving, like the wheels, 
tpt in water. The ‘ tees (Messrs. 

, Hulett, and Chandler) consider that this 
is a better form’ of apparatus’ where solutions are 


employed in purifying the gas, such as my alkaline 
patentees have 
indentations. 





was written the 





* Since this article 
‘* roughened”’ the surface of the plates by 






















314 


ENGINEERING. 








[Ocr, 24, 1879, 








solutions, the advantage | 6f which is now fully re- 
cognised, and which ere long will supplant lime 
purifiers, especially in gasworks situated in urban 
districts. ‘standard washer-scrubber” of this 
No. 2 form has been ordered by the Chartered 
Company for its works at Bromley, where the 
employment of alkaline solutions is now being 
adopted. 
Tue Livesey WASHERS, 


We now come to two new kinds of washers devised 
and patented by Mr. G. Livesey, both of which are 
bighly novel and ingenious, and very interesting in 
their working. 

Some five years ago, when visiting the South Me- 
tropolitan Gasworks, I found Mr. Livesey experi- 
menting with a “‘ Woolf's bottle ;” and I remember 
his remarking that he found the absorption of am- 
monia in this apparatus much superior to what was 
attainable by any form of washer or scrubber then 
in use. The principle of his new washers is that of 
Woolf's bottle—that is to say, the gas is passed in 
thin streams through the water; and the applica- 
tion of the pues is highly ingenious, and the re- 
sult of much investigation. 

The peculiar feature of these washers is the mar- 
vellously fine state of division in which the gas is 
exposed to the action of the water. In the first 
devised apparatus, this result is attained by making 
the gas enter the water through a plate perforated 
with fine holes, and then pass through another 
such plate placed within the water. The plates 
are of thin iron, perforated with holes about } in. 
from one another, and so small that a pin-head 
would close them. ‘Through these holes the gas 
passes in thread-like streams, causing the water on 
the surface of the second plate (from which the gas 
escapes into the outlet chamber) to bubble up in 
froth to the height of from 6in. to 9 in.—the foam 
or gas-bells being only from jin. to }in, in 
diameter. 

The accompanying drawing, Fig. 2, gives an end of 
the apparatus, showing the longitudinal tubes in sec- 
tion. The gas enters the gas chamber at the top, and 
passes down between the longitudinal tubes to the 
water-line ; then, depressing the water, it passes 
through the first perforated plate (which forms the 
lower and inclin of both sides of the tubes) 
into the water within the bottom part of the tubes ; 
then rises through the second and horizontal per- 
forated plate, escaping in foam into the upper 
part of each tres tube, and, finally, passing along 
to right and left escapes at either of the open ends 
of the tubes. The of the gas produces a 
circulation of the water, which, rising through.the 
perforated plates into the upper part cf the covered 
tubes, rushes off (as the gas does) to either end of 
the tubes, from which (while the gas goes upwards) 
it descends into the tank to resume the same course 
of circulation. 

To show the actual working of this apparatus, the 
following diagrams (Fig. 3) are given, in which one 
of the longitudinal tubes is represented in section. 
No, 1 shows the tube when the apparatus is ready for 
work, but before the gas is admitted. No. 2 shows the 
tube just after the gas has been admitted, and has by 
its pressure lowered the water ouéside the tube and 
raised it within, but before the action has fully 
begun. No. 3 shows the tube when the apparatus 
is in full action. 

I may observe that where two or more of these 
washers are employed together, the froth or foam 
never rises so high in the first of them (where the 
crude gas enters) as in the su uent ones—an effect 
which I have no doubt is owing to the tarry or 
oily matter largely contained in the liquor in the 
first washer of the series, which keeps down the 
foam. 

The other and later devised apparatus of Mr. 
Livesey’s eds on the same principle as the one 
just described; but its construction is entirely dif- 

erent. It attains the same object as the former 
one, but in a much simpler and (if it prove equally 
efficient) superior manner. 

The origin of it was thus:—In the course of his 
experiments with his horizontal perforated plates, 
Mr. Livesey found that if any gas at all was admitted 
below the plate and passing upwards through it, 
the water would stand on the upper side of the plate 
to the depth of several inches, without descending 
through the fine holes. Of course the gas when 


passing through an apparatus always exerts a pres- | g 


sure which varies with the velocity (or quantity) of 
the gas; but, in addition, there is a friction and 
resistance to the descent of the water owing to the 


smallness of the holes or perforations. Finding that 
water would thus stand to as great a depth as was 
requisite on the upper surface of a horizontal per- 


Fia. 1. 





manner ; and, from retort-settings down to washers 
and condensers, no engineer in constructing new 
works will be able with eertainty to decide upon 


Fig, 2. 





forated plate, while the gas passed up through the 
holes and through the water, Mr. Livesey has made 
his newest washer to consist of a series of horizontal 
perforated plates, the water flowing along the upper 
side of each, and then descending at one end into 
the next, and so on. 

Externally, this No. 2 washer looks like the well- 
known yar (occasionally used in gas washing) 
called ‘‘ Coffey’s still ;” but it has this great difference 
and vast advantage that the gas not merely passes 
over the surface of the water in each tray, but also 
rises at every part of the tray through the holes and 
through several inches of water, which it throws 
into foam. 

I was enabled to watch Mr. Livesey’s investiga- 
tions in connexion with his new washer, No. 1, from 
the outset, and some of the effects produced were 
unexpected as well as valuable. The deep foam 
generated by the passing of the gas through 
the finely perforated plates employed in both of 
his washers was a result unexpected by Mr. 
ag and was a most agreeable surprise to 
him. Indeed, as regards the washing of gas by 
passing it through water, it is impossible to conceive 
any result superior, or even equal, to that attained 
in both of Mr. Livesey’s washers. As one inch of 
water is thrown into foam 6 and even 9 inches deep, 
the contact between the gas and the water is the 
most perfect conceivable. It also rapidly removes the 
tarry particles left in the gas by the ordinary con- 
densing apparatus. 


Mr. Livesey used to conduct his ammonia purifi- 
cation by means of Tower-scrubbers fitted with 
closely arranged }-in. deal boards set perpendi- 


cularly; and, as his make of gas has largely in- 
creased, he still employs these scrubbers with three 
of his No, 1 washers placed before them. He has 
not made any exact testings of the gas to determine 
the relative purifying power of his old scrubbers and 
new washers; but he estimates that one of these 
new washers (of the No. 1 kind) is as efficient as 
three of the Tower-scrubbers,{ although one of 
these scrubbers costs more than three of his new 
washers. 

In oe 2 mee be Meroe that, where 
possible, ve stated the actual purifyi wer of 
the several new washers or oy reg At ety 
which have been described in this series of articles ; 
for this is really the most important matter of all, 
the value of any apparatus being entirely repre- 
sented by its cost and its working power. I may 
add that one of the greatest desiderata in gas manu- 
facture is the ascertainment of the relative value 
(i.e., cost and working power) of the very numerous 
kinds of apparatus at present employed in gas- 
works. The only attempt of this kind hitherto and 
very imperfectly made is to be found in some of 
the reports of the Gas Referees in 1870-71, contain- 
ing statistics and com ive statements which I 
collected and anal an’ the ordinary purifying 
apparatus then employed in several of the London 
asworks; but until this work is done thoroughly, 
and is applied to the apparatus for making as well as 
purifying the gas, manufacture can never be 
conducted in a scientific and properly efficient 
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the best kinds of apparatus, viz., those which give 
the greatest results at the least cost. 


THE SEVERN BRIDGE. 

THE railway bridge crossing the River Severn 
which was opened for traffic on Frida last, has been 
constructed by the Severn Bridge Railway Company, 
the engineers being Mr. G. W. Keeling, of Lydney, 
and Mr. G. W. Owen, of Westminster. 

The Bill authorising the construction of this work 
was passed in 1872, and the rr was formed 
with a capital of 400,000/., about of which was 
absorbed by the bridge, and the remainder by a 
railway five miles in tength, commencing at Lydney 
by a junction with the Great Western and Severn 
and Wye Railways, and terminating at the Berkeley 
new docks by a junction with the Midland Railway. 

Previous to this scheme having been brought 
before Parliament, numerous projects for crossing 
the lower Severn had been proposed; the earliest 
of these was suggested in 1845 by Mr. Fulljames, of 
Gloucester, who advocated a high-level bridge at the 
Old Passage. About the same time the late Mr. 
Brunel projected a line to South Wales which 
involved a river-crossing at Stock-Crib, near Awre, 
where the river narrows to a practicable width. 
Between that date and 1865, several schemes for 
railway and road bridges spanning the river between 
Portskewet and Newnham have been brought 
forward, but none of these were advanced beyond 
the preliminary stage. In 1865, however, two bills 
were authorised, one of them for Mr. Fowler’s 
Chepstow Bridge, about two miles in length, and the 
other for a bridge at Newnham, designed by Messrs. 
Brunlees and Bruce, Both these schemes were how- 
ever abandoned. 

The site selected by Messrs. Keeling and Owen 
was near Purton Passage, a location that offered ex- 
ceptional advantages, the channel nevervarying at this 
point, which afforded a foundation at a mode- 
ratedepth. The site is above the entrance of the 
Gloucester ship canal, so that the navigation of the 
river is but slightly interfered with. e first plans 
for this work were deposited in 1870, but the scheme 
failed to = committee for want of financial sup- 
port. Plans were again deposited in 1872, and this 
time with more success, although the Bill was 
severely contested. Considerable delay arose in 
constructing the works in consequence of difficulties 
arising from conflicting interests, but these having 
been overcome, operations were fairly commenced 
in June, 1875 ; as stated above, the capital of the 
company was 400,000/., of which amount the Midland 
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GENERAL PLAN OF THE SEVERN BRIDGE AND RAILWAYS. 
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Railway Company and the Gloucester and Birming- 
ham Navigation Company subscribed each 75,000/., 
while the Severn and Wye Railway Company con- 
tributed 25,0007. The importance of this bridge in 
conjunction with the short line of railway built by 
the company may be estimated from the fact that it 
decreases the distance between South Wales and 
Bristol by 30 miles, and by the construction of a 
junction half a mile long at Stonehouse between the 
Midland and Great Western Railways, the distance 
between South Wales and London will be reduced 


SCALE OF MILES. 


vantages gained by the new bridge; before now there 
was no bridge below Gloucester 50 miles above the 
mouth of the river, and the only means of com- 
munication has been by means of ferries, the most 
important of which is that across the new passage 
connecting the Bristol and South Wales Union Rail- 
way, the others being at Purton, Framilode, Newn- 
ham, the Old Passage, and Beachley. A new outlet 
for the iron ore and coal of the Forest of Dean has 
also been secured, these being now brought by rail- 
way to Sharpness, the highest point large vessels can 





by 14 miles, But these are by no means the only ad- 


reach, 





The total length of the Severn Bridge is 4162 ft., 
including 22 spans, as follows : 
ft. in. 


One span 134 Olong 160 deep 
Two spans By ee 2 
Five spans 1710 5 =2W4 9 
Thirteen 146, 169 

97 19 4 


ns . ” 
Swi idge over canal 1970 ,, 
The general character of the bridge is shown by the 
perspective views on pages 318, 319, and 322. From 
these it will be seen to consist of bowstring ers 
resting on cylinders. The depth of the large 327 ft. 
spans is 30 ft, and the floor is filled up throughout 
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between the cross girders with wrought-iron plates. 
The swing span, to which we shall refer presently in 
greater detail, is 197 ft. long and 24 ft. 6in. wide, 
and rests on a central pier. This occurs on the south 
side of the river. On the Lydney side the approach 
consists of a viaduct of twelve arches in masonry 7 ft. 


high. 

The actual width of the river as the point of cross. 
ing is 3558 ft., and the maximum headway of the 
bridge above high water is 70 ft. Work was com- 
menced in June, 1875, on the south side of the river, 
which presented the smallest obstacles in getting in 
the foundations. The depth of sand at the first twelve 
piers averaged about 28 ft., and the cylinders were 
sunk by excavating from the inside, and weighting 
them on top, special arrangements of staging being 
provided to keep them vertical and in line, The 
diameters of the cylinders are as follows: For piers 
Nos. 1 to 13, 6 ft.; Nos. 14 to 18, 9 ft. below low water 
and 7 ft. above; Nos. 19 to 21,10 ft. below low water 
and 7 ft. above, Excavating from within the cylinders 
was inefficient after No. 12 pier had been completed, 
and compressed air was then employed. Owing 
to the tide and current and the yielding nature of 
the sand, very considerable difficulties were en- 
countered in securing the scaffolding, first for the 
piers and afterwards for the girders, After a 
number of unsuccessful efforts, Mr. Brunlees’ well- 
known system of sinking piles through sand was em- 
ployed, a length of gas-pipe being taken down to 
the foot of each pile and a stream of water forced 
down sufficient to displace the sand and allow the 
pile to sink. The greatest trouble was encountered 
with piers Nos. 14 and 15, the staging together with 
the piers being carried away on one occasion by the 
force of the tide, Piers Nos. 15 to 20 also caused 
great difficulty. Over this distance the depth from 
high water to the bed rock was 70 ft., there being a 
30 ft. tide. The sand here had been scoured 
away until only about 10 ft. remained, leaving a 
depth of water of 30 ft. at low tide. The tide 
here rises in 2} hours and has a 10-knot current. 
Under these unfavourable conditions it may be 
readily imagined that great difficulties were en- 
countered. Fortunately there was a layer of 
gravelly clay overlying the rock at this part of the 
river which afforded firm hold for the piles of the 
staging, which for this part of the work was quite 
formidable. It consisted of three rows of piles 
strongly braced together with cutwaters at each end, 
the bracing below low water being secured by divers, 
and carried up to a height of about 4 ft. above low 
water, On one or two occasions the staging was 
swept away before it could be secured. When the 
scaffolding had reached the height just mentioned 
guides were secured to it to fix the position of the 
cylinders, which were delivered in 4 ft. lengths,and 
lowered by means of screws and chains. As soon 
as the bottom touched the ground, excavation in- 
side was carried on by divers, and fresh lengths 
were added until the cylinders were 12 ft. above high 
water, and they would not sink further in the sand. 

The cylinders are in all cases made in lengths of 
4{t., the thickness being ljin. to ljin, The ends 
were turned in a lathe to a true face and the sections 
are bolted together by bolts ing through inside 
flanges, the joints being caulked with iron cement. 
Piers Nos. 19, 20, and 2] are formed of four of these 
cylinders, all the remainder are in pairs. The air. 
compressing apparatus consisted of a wrought-iron 
bell bolted to the top of the cylinder, and provided 
with air locks for the entry and egress of the work- 
men and the movement of materials. The pressure 
maintained varied from 5 lb. to 401b., according to 
the depth of foundations, the latter enabling the 
excavation to be carried down at the deepest piers 
to 4ft. iato the rock. During the process of sinking. 
the piers were weighted each with 150 tons of ballast. 


- After sinking they were filled up solid with concrete. 


Owing to the rapid currents and the great rise 
and fall of tide, it was impossible to adopt the 
simpler method of raising the girders on the 
piers—that of building on or chose to the shore, 
floating them ivto position, and then raising them, 
The more tedious, costly, and commonplace expe- 
dient of scaffolding was therefore necessary, involv- 
ing very formidable temporary works. For the 
largest spans three stagings or piers were con- 
structed, each having a length of base, up and down 
stream, of 150 ft., and containing 60,000 cubic 
feet of timber. For the smaller spans only one 
such-staging was required. The line of crossing 
thus divided, was bridged over by longitudinal 
timbers, so as to form a continuous platform, on 
which the ironwork was erected. The engraving 


on page 318 gives a fair idea of the scaffolding em- 
ployed for the large spans. The swing bridge, 
197 ft. long, which forms a part of the work, crosses 
the Gloucester and Berkeley Canal on the south 
side of the river. This bridge rests in the centre of 
its length on a circular masonry pier, and one arm 
of the span crosses the canal, the other spanning 
the adjacent river shore. ‘The arrangements for 
turning this bridge appear to be well and com- 
pletely carried out, including the signalling appa- 
ratus, which is so Ancmeere | that the line crossing 
the bridge cannot be signalled clear until the swing 
— is closed and locked. By reference to the 
plan on the preceding page, the relative positions of 
the river and the Gloucester and Berkeley Canal 
at the line of crossing will be understood. 

During a considerable period, work was carried on 
at night by means of the electric light, which was 
satisfactorily supplied by the Pyramid Electric Light 
Company. With regard to the other works in con- 
nexion with the bridge, four stations have been 
built, one at Lydney Junction (see map, page 315) 
one at Purton, a third at the north end of the bridge, 
and a joint station for the Midland and Severn 
Bridge Railways at Sharpness Docks. All the 
approaches to the bridge, as well as tunnels and 
other works, have been constructed for a double line, 
but for the present only asingle track has been laid. 
The engineers to the bridge are Mr. George William 
Keeling, of Lydney, and Mr. George Wells Owen, of 
Westminster Chambers, and the consulting engineer 
is Mr. Thomas E. Harrison. The contractors for the 
bridge, which contains 7000 tons of iron, were the 
Windsor Iron Company, of Liverpool, and the five 
miles of railway which are included in the under- 
taking were commenced by Messrs. Vickers and 
Cook, and completed by Mr. Griffith Griffiths, 

The bridge was inspected on behalf of the Board 
of Trade by Colonel Rich, on the 3rd and 4th 
of the present month. The tests consisted in 
running on to each span successively a train made up 
of eight goods locomotives, which were allowed first 
to stand upon the bridge, and then run over it at 
varying speeds. The deflections recorded were 
1} in. for the 327 ft. spans, and ? in. for the smaller 
ones. ‘The bridge was officially opened on Friday 
last, the 17th inst. 





SCOTCH STEEL MANUFACTURE. 

As the fact is now becoming fully realived that 
the use of soft steel is likely to play an important part 
in the future in the construction both of ships and en- 
gineering works of various kinds, it is to be expected 
that from to time to time we may have to chronicle the 
starting of new works for the manufacture of that ma- 
terial, or the more or less complete transformation of 
already existing works now engaged in the production 
of finished iron. There are just now at least two 
examples of the latter condition of things in Scotland, 
but as the manufacture of steel has only been actually 
commenced in one of the works referred to we prefer in 
the meantime to confine our remarks to that particular 
instance, which is the Parkhead Forge and Rolling Mills, 
Glasgow, owned by the firm of Messrs. W. and I. Beard- 
more, of which, however, the sole surviving partner is 
Mr. Isaac Beardmore. 

Many of our readers are doubtless well aware of the 
leading position which that establishment has taken 
during the last twenty years or so in the production of 
engine and steamship forgings of the largest dimensions 
and of the most complicated description, as well as first- 
class plates for shipbuilding and boiler-making purposes. 
Prominent notice was taken of this well-known establish- 
ment in the pages of ENGINEERING some ten years 
ago, but in the intervening period a remarkable trans- 
formation has been made in one or two departments 
of the works, more especially in connexion with the plate- 
manufacturing powers of the firm and the extension of 
the Siemens regenerative system to the heating furnaces. 
Of the forge proper and of the large machine shop in 
which the forgings are finished and made ready for use, 
it is not necessary now to enlarge; and we shall there- 
fore devote our remarks more especially to the most 
recent development in the works, one which has resulted 
in the production of Siemens-Martin steel on a somewhat 
extensive scale, and for which there is apparently a large 
demand. 

It was only in the beginning of May of the present 
year that the firm commenced to lay foundations for three 
large melting furnaces on the Siemens-Martin principle ; 
and although the formal inauguration of the steel-making 
department only took place about a fortnight ago, the 
furnaces and mills had for several weeks been actively 
engaged in turning out considerable quantities of steel 
plates of a high order of excellence in response to orders 
received chiefly from Clyde shipbuilders and engineers. 
The furnaces are spoken of as being of the 10-ton de- 





scription, but they are each capable of running from 12 


to 15 tons at a casting, so that the weekly production of 
the three furnaces may be set down at from 350 to 400 
tons, or roughly at about 1500 tons per month. There 
is plenty of accommodation for the extension of the 
melting furnaces, even up to a dozen of the same sort at 
the site occupied by those now built and at work ; and 
more may be erected elsewhere should they be needed. 
Those now in operation are most conveniently arranged, 
being so situated that the raw materials, in the shape of 
hematite pig iron, Spanish ore, &¢., are carried into the 
melting shop by rail at a high level, and that when the 
steel is run out of the furnaces into the ladles and thence 
into the ingot moulds the latter are on a level with tho 
general railway system of the works, and thus the ingots 
can be readily lifted and run away to the ingot bank, to 
the steam hammer, or to the heating furnace, as may be 
desirable, thereby saving a great deal of labour in clear- 
ing the casting pit. While we may speak of three casting 
pits—one to each furnace—it ought to be said that they 
are so continuous as to become actually one, extending 
from one end of the stack of furnaces to the other. By 
this arrangement, if a specially large cast of steel has to 
be made, all the ladles can be brought to one spot, or as 
nearly so as may be necessary. Railg are laid along 
both sides of the casting pit and throughout its whole 
length, and on them there are run the ladle carriages, 
the mechanism of which is of such a character that the 
ladles can be worked transversoly to the casting pit, or 
to and from the tap hole of the furnace, so as to be 
brought over a large area of ingot moulds placed at any 
part of the pit. Immediately outside the pit, and run- 
ning parallel to it, there is a line of rails for carrying 
two powerful portable steam cranes for lifting the ingots, 
adjusting the moulds, &c., in the pit, and carrying the 
ingots to the weighing machine, from which they are 
loaded on bogie carriages and taken to any part of the 
works where they are first to be operated upon. 

The steel ingots having been brought to the forge 
department and reheated, are operated upon by a very 
powerful double-acting 10-ton steam hammer, or by ono 
of 7-ton weight. In addition to these, there are in the 
forge some nine other hammers for doing the largest 
class of forgings either in steel or iron. There are also 
three others at the mills for making blooms and slabs for 
the mill and forge departments. 

There are five large reheating furnaces wrought on 
the Siemens regenerative system, and eight others of the 
reverberatory type, all connected directly with the 
rolling mills, and capable of heating slabs and ingots 
sufficient to make from 2000 to 2500 tons of plates 
(including steel and iron) per month. The mill depart- 
ment is certainly very complete, there being three large 
plate mills, one of them being a 25-in. train. In one set 
of rolls it is possible to finish with ease plates 7 ft. in 
width. All the three mills are provided with reversing 
gear on the clutch type, and they are driven by one set 
of engines having three cylinders. 

All the pig iron hitherto used has been first-class 
brands from the hematite district of West Cumberland, 
the raw ore being Somorrostro and Bilbao, and the car- 
buretting material being ferro-manganese from Terre- 
noire. 

The orders for steel at present in course of execution 
include one for a large proportion of the plates required 
in the construction of the great steamship now being 
laid down by Messrs. Elder and Co. for the Russian 
Government; one from Messrs. Napier and Sons, for the 
plates required on account of the store ship which they 
are building for the Admiralty ; and contracts for plates 
for vessels building by other well-known Clyde firms, as 
well as for boilers both for marine and land purposes. 
Judging by recent inquiries there are prospects of a good 
trade in steel plates for many months to come, which is 
certainly good news. So far as Messrs. Beardmore are 
concerned, the only question seems to be the putting 
down more melting furnaces (for which there is plenty 
of room), in order to make Parkhead Forge one of the 
largest Siemens steel works in the kingdom. 

Incidentally, we may mention, that at the time of 
visiting the Parkhead Forge and Rolling Mills a few 
days ago, there were under the steam hammers several 
large crankshafts for the Russian vessel already alluded 
to. (There are to be nine in all.) In hand or on order 
there are also some dozens of other shaft forgings, vary- 
ing from 8 in. up to 2lin.-in diameter, for many of tho 
most eminent engineering firms in the country. Amongst 
the work recently done in forging crankshafts there 
were those required for the Arizona and Orient, those of 
the last-named vessel being three in number, and of 
18 tons each, or, when coupled, 54 tons in all. 

As already mentioned, the formal inauguration of the 
steel manufacturing department took place about a fort- 
night ago, when a large number of representatives of the 
shipbuilding and engineering industries were present by 
invitation to witness all the more important operations, 
such as tapping the furnaces, casting the ingots, forging, 
plate-rolling, &c. Having completed the tour of inspection, 
the company adjourned to Parkhead Public Hall, where 
luncheon was served, Mr. Isaac Beardmore presiding ou the 
occasion. After giving the usual introductory toasts, the 
chairman proposed “The Shipbuilding and Engineering 
Interests,” which was replied to by Mr. Pearce, of John 





Elder and Co., and by Mr. A. C. Kirk, of Robert Napier 
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and Sons. Mr. Pearce said that the introduction of 
steel was an advantage to shipowners, inasmuch as ships 
built of it would carry 10 per cent. more than those built 
of iron. At the same time, however, it might be said 
that the introduction.of the new material was a disad- 
vantage to the shipbuilders, as fewer ships would be 
required. But they looked at the matter in another way, 
namely, that a new era in shipbuilding had arrived, 
that travellers by sea would no longer be satisfied with a 
speed of 12 miles an hour, and that very soon vessels 
must be propelled at the rate of 18 and 20 miles an 
hour. It was almost impossible, however, to construct 
an iron ship that would sail at that rate of speed, and 
be at the same time an economical vessel. Steel, by 
means of which the vessel could be constructed so much 
lighter, and still carry sufficient coal for the passage, 
was required for the purpose, and shipbuilders, there- 
fore, looked forward to have all the work to do over 
again. The inauguration of the manufacture of steel at 
Messrs. Beardmore’s works had interested the visitors, 
and a great amount of credit was due to the head of the 
firm for taking the bold step he had done. By taking that 
step, and by furthering the interests of steel, Mr. Beard- 
more furthered the interests of the shipowner and the 
shipbuilder. In regard to the sixteen steel ships which 
his (Mr. Pearce’s) firm had either constructed or were 
constructing, the great difficulty they had hitherto ex- 
perienced was in getting delivery of the material as quickly 
as they required it, much of it coming from England, 
because they could not getasufficient supply in Scotland ; 
and he held that the more expeditiously a contract could 
be executed, the more profitable it was. In putting 
down the steel works just inspected, Mr. Beardmore 
would be able to give that speedy delivery which was re- 
quired ; and he hoped that in his undertaking he would 
meet with all success. Mr. Pearce had no doubt that 
the proprietors of the other large steel works in Scotland 
were much indebted to Messrs. Beardmore for assisting 
them in making steel popular. 








HYDRAULIC COMPRESSORS FOR GUN 
CARRIAGES.* 

Description of the Compressors on the Krupp, Rendel, 

and Vavasseur Systems. 

ON comparing the guns recently adopted by the different 
European powers, we observe that the general tendency is 
to give the projectiles of modern artillery an initial velocity 
similar to that of the shell of smooth-bore guns, viz., from 
1500 ft. to 1650 ft. per second. 

With the exception of the case of vertical fire, the useful 
effect of a projectile increases as its velocity is augmented, 
it is therefore of great advantage to do this. Is thereany- 
thing to fear as regards the strength of the guns? No—at 
least not within certain limits. It is in fact possible to 
manufacture at the present time guns of enormous strength, 
the great improvements made of late years in the manufac- 
ture of steel, together with the experience acquired in con- 
structing ordnance, leaving no room for doubt on this point. 

It was we believe in France that initial velocities were first 
obtained in rifled guns far exceeding any previously obtained. 

We may refer here to one of the 75 mm. guns of the 
Commission d’Etude des Bouches a Feu; this piece 
marked No. 3 was of steel, strengthened with steel hoops ; 
it was made by M. Vavasseur, and tried in March, 1873, 
by the Commission de Calais with the following results : 
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We have no knowledge as to what were the interior pres- 
sures, probably they were rather high, but they caused no 
injury to the gun. 

Is it necessary, moreover, in order to increase the velo- 
cities of the projectiles of guns now in use, to do so in con- 
junction with high internal pressures ? 

This is the question which has for several years past 
engaged the attention of English artillerists. 

It is well known that the Woolwich guns are composed 
of a tube of oil-tempered steel, strengthened by coiled iron 
jackets ; it is not possible for such guns to withstand such 

igh pressures as steel guns, for this reason—mean initial 
velocities of about 1320 ft. have been considered satisfac- 
tory, and the charges have been fixed in the heavy guns so 
as not to exceed 25 tons per square inch. England, which 
in 1870, possessed one of the best Government gun-factories 
of the world, allowed herself to be surpassed not only by 
almost all the private manufacturers, but also by several 
foreign nations, which was a much more serious matter. 
There was in this sufficient to cause alarm, especially when 
the immense quantity of material possessed was considered ; 
it was decided to keep solely to muzzle-loading+ as well as 


* From the Revue d’ Artillerie. 

+ This endless question as to method of loading is again 
brought up, and it may be that after so decrying breech- 
loading it may yet be again adopted, at least for the guns 
of turret ships ; there being many inconveniences connected 
with muzzle-loading in very limited spaces. 





to the construction in steel and iron, and as with this the 
i pressures, already found to be rather high, —ri 


‘difficult to 

power of these guns, until the remarkable i on 
oe ee Noble showed the direction 
in which f se = ar be pursued, and after many 
experiments out under the%direction of the Com- 
—- on Explosives this important problem was completely 
solved. 

The result arrived at is this : itis ible without further 
strainiug a gun, to increase the ‘initial velocity of its pro- 











jectile using a larger charge, but at the same time 
diminishing the density of loading. e — select amongst 
others, a series of rounds fired from the 12.5 in. 38 ton gun: 
3 oly . | #8 
i ls é 3 2 : 
icc |S | HE 
gs |Sul- ° 2 Ey Remarks. 
= |esias| # 4 
Eig] ge | 42 | 
2 \oE| A: aq | a& 
cub. in. /ft. per|tons per 
Ib.| Ib. | per Ib, | sec. | sq. in. 

1 | 130) 800) 24.6 1451 | 24.5 |Powder chamber 
same diameter as 
the bore. 

2 | 130) 800} 30.0 1391 | 19.3 Ditto. 

3 | 180) 800; 30.0 1541 | 22.4 Ditto. 

4 | 180) 800} 30.0 | 1544] 20.8 /|Enlarged powder 
chamber. 























We see here the curious fact of an increase of velocity 
corresponding to a diminution of pressure. The experi- 
mental commissions of Gdvyre and Calais, which also 
studied these questions at the same period, arrived at almost 
identical conclusions. } 

The principle just enunciated may be carried much 
further than it has been applied at Woolwich, and it is 
now possible to obtain initial velocities of from 1890 ft. to 
2000 ft., and even beyond, withont exceeding ordinary pres- 
sures, by ing the c of powder to one-third or half 
the weight of the proj , by decreasing the density of 
loading, and by considerably increasing the length of the 
bore so that this enormous quantity of powder may be 
usefully consumed. An 8-in. Armstrong gun, weight 11 tons 
7 ewt., and constructed in conformity with the views given 
above, has given the following results : 
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Results such as these will inevitably, at no distant 
period, bring about great changes in most of the artilleries, 
since it will be easy to increase the power of the present 
service guns, or to construct guns on a new plan of extra- 
ordinary power for their calibre, or else of reduced weight 
for their power, according to the service for which the guns 
are intended. 

We must not, however, lose sight of other considerations 
which, althongh not directly concerning the guns, have 
nevertheless an all-important influence upon the conditions 
"Other things Geng equal, #0 augment the initial velocit 

ther thi i , to augmen initial velocity 
of the projectile is to teerehae the velocity of recoil of the 
system, that is, gun and carriage, and although we may be 
confident that the gun will stand properly, it is not the case 
as regards the carriage. oe 3 

Putting P weight of projectile, v its initial velocity, p 
weight of charge, W weight of gun and carriage, V speed of 
recoil of the system when thé projectile leaves the gun, we 


have : 
Pp 
vi( P+ r) 
er." 


The powder gases continuing to expand act upon the 
bottom of the bore during a certain time, and further in- 
crease the speed of recoil, and that so much the more as 
the amount of the charge is greater, which is precisely the 
case in point ; we must then, in order to have the maximum 
speed of the recoil, assume for the velocity of the gases a 
value 874; therefore the maximum speed of recoil 
will be: Pig 

Vo= PP. 
5 Ww 


The coefficient 2 can be determined by direct experiment 
by means of the velocimeter arranged by Commandant 
Sébert. 

The Gavre Commission found with this instrument that 
for the 24 centimetre naval ean, weighing 34,400 lb., and 
firing a projectile of 307.51b. with a charge of 61.75 Ib. 
the muzzle velocity being 1488 ft., that the speed of recoil 
when the projectile left the bore was 12.46 ft., but that it 
Te a bare ge yo of 17.06 m, valeh orators Ly B= 
2.4, the w 0 i i as . 
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The of recoil being known the 
recoil of the system is 
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This energy is absorbed by friction, by mounti 
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As it is not gen possible to allow iage to 
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recoil within the desired length. 
Itis the blows only which have to be feared as regards 
the strength of the system, and knowing how difficult it is 


to make gun carriages to stand the firing of projectiles 
having initial velocities of from 1560 ft. to 1650 ft. when the 


gun is comparatively light, how will it be possible to con- 
struct them so as to stand in a proper manner a much more 
violent firing? We reply, og by reducing all blows to 
& minimum, and for this it will probably be necessary in 
certain cases to modify the present designs of carriages 
which do not appear to be arranged so as to utilise in 
the best way the great strength of the materials of which 


they are constructed. 

In cases where the present general form is adhered to it 
will be necessary to observe the following notes : ; 

To suppress any. blow between the gun and the carriage, 
the trunnions must be well fitted in the trunnion-bearings 
and cap-squares, so as to leave no play, the carriage may 
then be rded as part of the gun; to suppress any blow 
between the platform, or the ground, and the carriage, the 
latter should always slide or roll on a fixed slide ; for re- 
ducing the blows due to the percussive action resulting from 
the vertical component of the pressure of the in the line 
of the axis of the gun, the slide should be made very elastic 
in the vertical direction, at the same time being kept ex- ' 


tremely rigid laterally. 

The pressure of the on the bottom of the bore and 
the resistance that the brake yp to the motion form a 
couple which tends to lift up the carriage by causing it to 
turn on its rear edge; to lessen this tendency to jump, the 
height of the trunnions above the slide should be kept as 
low as possible. 

There remains only to be considered the blows duc to the 
action of the compressor, and it is this important question 
of the working of compressors which we will now examine 


in detail. 

It is evident that a compressor which will lessen the strain 
on the material will allow of projectiles being fired with high 
initial velocities. Wedo not here touch upon brakes for 
field i ; the arrangements generally made use of 
po yon i a the — ~~ = t the blows, 
and consequently are of a nature to render tbe carriages 
sooner unserviceable. A good compressor should fulfil the 
following conditions : 

1. It should not resist the first movement of the carriage, 
nor have any sudden changes in its resistance, that is to 
say, that the resistance it gives to the recoil should be 
at first nil, then gradually increase, as the of recoil 
of the system increases, so as to remain almost constant 
for a certain time, and finally decrease gradually until it 

mes again nil. 

2. It should be practicable to arrange the resistance of 
the compressor during recoil, as indicated by practice and 
+ hy wee so that the effect produced on the carriage by 


t — may be as easy as ible. 

If both these pate ~ oe be fulfilled, all blows will be 
avoided, and all the ot of the carriage and slide will be 
Haag: eaporntan put either in tension or compression, and will 
in the same way return to their normal condition, and this 
is the only way in which they can be worked so as to pre- 
vent injury to the material. 

3. The ength of the recoil should be the same at every 
round, which will be proof of the regularity of action of 
the brake. 

4. The compressor should allow of being regulated at 
once, so as to get the desired recoil at the first round, that 
is to say, that at a determinate position of the ating 
lever there will correspond a fixed length of recoil known 


beforehand. 

5. It should be ectly automatic, that is to say, ready 
to act immediately the recoil begins, without its being 
necessary to touch anything, and should not offer any 
resistance during mancuvring either in running in or 
running out. 

6. For naval carriages the compressor should allow of 
checking the motion of the carriage when the latter 
through the rolling of the ship is running out violently. 

The compressors made use of may be divided into two 


1. Those acting by friction. 

2. Those acting by communication of energy to a liquid 
mass, viz., hydraulic compressors. 

Frictional Compressors.—The most general known type 
of this class of compressors is the ‘‘ plate compressor,” 
which has been adopted almost universally, and is the only 
one at present used in the French navy. 

As we believe that frictional compressors will go out of 
use, we shall only discuss here the plate compressor, and 
shall try to find whether it possesses the qualities just 
enumerated. 

Putting S the pressure between the plates. 

n the number of rubbing surfaces. 
1 the length of recoil 
And supposing for greater simplicity that the slide is 
horizontal, the friction of the plates on each other, and of 
the carriage on the slide, is equal to the energy of recoil, 
we have, calling / the coefficient of friction, 
f(W+n8)1 =~ Spear 

This brake resists the first movement of recoil of the 
system, and the carriage is, so to say, fastened to the slide 
until its elastic energy (which we so designate since it 
results from the displacement of the molecules relatively to 
~ )is sufficient to overcome the resistance f (W + 
nd). 

/ 4 there is always a certain play of the pivot in the eye 
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THE SEVERN RAILWAY BRIDGE. 


MESSRS. G. W. KEELING AND G. W. OWEN, ENGINEERS: THE WINDSOR IRON COMPANY, LIVERPOOL, CONTRACTORS. 


(For Description, see Page 314.) 
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the heat representing internal work, which during the ex- 
pansion is transformed into external work. 

Now, if saturated steam is separated from the water and 
further heat is added to it, that is to say if it be super- 
heated under constant pressure, the temperature increases 
and the volume is enlarged, and additional external work 
(principally represented by the said enlargement of the 
volume, and also by newly added internal work bein 
during the expansion transformed into external) is obtain 
at a much cheaper rate than that at which the same work 
would be obtained by using saturated steam. What causes 
this is that the dropping fluid, water, once being trans- 
formed into the elastic fluid, steam, the additional internal 
work required for extending the distances between the 
—— is very small, and only requires a small quantity of 

eat ; if the superheating were to be carried on until the 
steam came into the state of a permanent gas, the last- 
mentioned internal work, which requires the t bulk of 
the heat when raising steam from water, would require no 
addition by further heating the steam, all added heat would 
then pass into temperature and external work, and con- 
sequently the quantity of heat transformed into external 
work in relation to the whole sum of taken-up heat is con- 
stantly increasing with the superheating. The expansion 
work performed by superheated steam is, with some few ex- 
ceptions between the lowest pressures (and which is of no 
practical importance, such an expansion curve only form- 


ing part of a greater one and not alone representing an ex- | fl 


pansion work of any practical use), absolutely greater, and, 
when the superheating reaches any higher degree, also rela- 
tively (to the sum of taken-up heat) greater than that per- 
formed by saturated steam, notwithstanding that the super- 
heated steam leaves at the end of the expansion with a larger 
volume, and consequently higher temperature, or (if the 
superheated steam has expanded into a saturated state) more 
uncondensed steam, that is to say, more in the exhaust 

n remaining heat, than does the saturated steam, ex- 
panding between the same pressures. But the great saving 
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by superheating consists as above-mentioned in the direct 
enlarging of the volume during the full pressure work, which 
causes the sum of work made duri pressure and ex- 
pansion as compared with the sum of taken-up heat always 
to be much greater when working with superheated than 
with saturated steam. 

Now, as I remarked in my last letter, the advantages to 
be derived from superheating steam cannot be secured by 
making such steam work directly in an engine, because of 
its high temperature, but by transforming a part of the work 
made by it into velocity, and applying the same to exhaust 
steam, the suitable means are at hand whereby the said 
advantages might be secured. Consequently we will have 
to consider the question regarding the transformation of 
heat into external work and of one kind of such work 
into another during the outflow of steam. 

Firstly, then, it should be observed that the formerly 
accepted mode of calculating the work in the velocity as be- 
ing equal to the difference between the pressures inside and 
outside the outflow opening, divided through the one 
weight of the matter, theoretically only is le to 
such matters which do not at all, and icall; 
which do not to any considerable extent, alter their volume 
with the pressure ; consequently if applied to steam it gives 
a wrong and much too great result, and cannot be used. 
We have therefore to go another way to work, and allow 
me now to describe what really takes place by such an out- 


iow. 
I will then first make the perhaps somewhat simple ob- 
strvation, that, when steam, generated in a boiler under a 
certain pressure, is allowed to flow out into another space 
where the pressure is lower (as in the injector), all the ex- 
ternal work which was bei ‘ormed, and all that 
work which was taken up in form of heat (internal 
work), when the steam was raised in the boiler, remains 
with the steam when entering the space where the pressure 
is lower, only that transformed heat deducted, bh has 


to such | to be 








in other words, all the heat taken up in the boiler which 

see nae bereeespermice 

wor it has out, in . 
What thus into velocity is the ing : 


sent precisely the same work for practical use as that which 
theoretically the steam would S i 

it had been made to work there, enteri 
pressure, and nding until it reac! the same pres- 
sure as that in the i , su 


in the velocity, is lessened in the same proportion as 
the said velocity is lessened by being by the nos friction 
transformed into heat, again taken up by the steam. 
ow, the steam having flowed out, we snopes, nena & 
ure in the injector equal to that on the exhaust side of 
he piston in the cyli of an mely, the atmo- 
spheric or the pressure, of the exhaust 


Vargges 
part 

steam which is allowed to enter the injector will carry with 

it a certain amount of the work remaining in the steam in 

the cylinder, at the end of the stroke, and 


veloci 
passed into the kind of work which is called velocity; or, | the exhaust steam. As regards the arrangement required 
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in order to prevent any extra back pressure, I will treat 
about that matter further on. ‘ 

In ge | up oo have Fo ~ disposal for 
the further carrying ou! system for compression 
of the steam mixture, and = pos forward through the 

find it to consist of : 


linder of the engine, we shall 
“71 "That part of the heat and labour (internal and external 
work) of the steam raised in the boiler, which has been 


transformed into velocity. } 

2 Part of the remaining work of the steam when outside 
the boiler, which work in its totality consists from : 

a, The remaining product of pressure and volume (ex- 
ternal work) ——— to the pressure outside the boiler. 
‘lhe reader will understand that the external work performed 
in raising the steam is transported outside the boiler, so to 
say, as if the steam were raised there, only that that 
amount of such work, which has been done in excess (by 
raising the steam in the boiler under a higher pressure), 
of that remaining outside the boiler, is to be found again 
in the velocity. 

b. The remaining heat (internal work) in the steam —the 
temperature heat—and the other internal work performed 
in holding the particles at the distance from each other cor- 
responding to the pressure outside the boiler. This part of 
the remaining work of the steam outside the boiler will not 
count -in the sum of work at our dis for the further 
carrying out of the system, as it will not to any farther 
extent transformed into external work, no further ex- 
pansion or outflow taking place. 

3. The before-mentioned work carried with the exhaust 
steam from the cylinder into the injector. 

Thus, to recapitulate, the work at our disposal is of two 
kinds, one called velocity, the other product of pressare 
and volume, and derived partly from the newly raisetl steam, 
partly from the next before used steam, and in that case 
carried with the exhaust steam into the injector. 

We will now have to consider the work, which is to be 
done with this work at our dis , and which consists of : 

1. The compression of the mixtare of newly raised out- 
flowing steam and exhaust steam to the pressure required 


in the engine. 

2. The pressing or forward of the compressed 
mixture, in order that it might perform the same work in 
the engine, as would have been done had steam of the same 
tension as that of the compressed mixture been raised in 
the boiler, and made to act direct in the engine. Just as 
in the latter case the full pressure work is performed in the 
boiler by the raising of steam, and transported into the en- 
gine, the next before raised steam being pressed away by 
the action of the newly raised, it is here the steam, when 
raised in the boiler, which presses the next before raised 
steam through the outflow opening and through the injector 
and receiver into the engine, this process not being in- 
fluenced by the fact that the outpressed steam on-its wa 
to the engine transforms part of its work into velocity, pon. 

this velocity into tension or pressure again. 

The work to be done is thus, firstly, the compression 
work. This work is precisely the same as ion work 
between the same pressures but in the inverse direction. As 
before shown, part of the work of the steam in the boiler 
has been transformed into velocity; and now this velocit, 
in the delivery tube of the injector gradually, and accord- 
ing to this system partly, is transformed into internal work, 
a and tension again. 

The remaining work to be done is as aforesaid the press- 
ing forward of the mixture, in order that it 
might perform the full pressure work in the engine, and for 
this purpose there remains of the work at our disposal, 
that part of the velocity which has not been consumed for 
the com work, nor transformed into internal work, 
but continues to exist as velocity, together with the product 
of pressure and volume, which remains in the outflowing 
steam, as well as that carried with the exhaust steam. 
These different kinds of external work; pressure, anid velocity 
work in the same direction, and force the compressed mix- 
ture forward in the cylinder of the engine. 

It is evident that the mixture being compressed to the 
tension required in the engine and forced forward, it will, 
when the communication between the receiver and the 
cylinder is being shut off, expand, as steam of the same 
tension would have done if su plied direct from the boiler, 
the quantity of expansion work depending upon the tension 
of the steam or steam mixture, the pressure on the back- 
side of the piston and the allowed for expansion, and 
these conditions being, with an exception about which I 
will treat farther down, the same, whatever system is used 
for procuring the steam. 

As stated in my last letter when eensaing my system, 
and has also herebefore been mentioned, there is provided a 
vessel containing water which I have called a receiver or 
satarator, through which the compressed mixture will have 

so Sher engine that it may be 
In all cases which might practically come into 
question, the mixture will be considerably superheated on 
the compression work being applied to it, if it is not 


satura or its temperature more or less lowered 
daring this said com jon or after the compression has 
been effected, or both. ‘The heat, by such a saturating 


taken up by the water from the com mixture, 
conyerts a certain quantity of the water, corresponding 
to the pressure in the receiver, into steam. This steam 
is to be regarded as if raised direct’ from the heat taken 
up in the boiler from the combustion gases, and by 
means of several transformations carried into the 
receiver. The thus raised steam being generated in the 


ordi : iw te tern te lyn further 
than quan’ steam requi in the engine 
once being ak, the’ daswunt' et the ceupresed mintare 
and also of steam to be raised in the boiler 
NBs ween Shute ’ se secameen anid 
There t ' something about 
ettunh of the wtaleg of tawwatoutng steam and the exhaust 


steam, when they are, as in most cases they will be, of 


different temperatures; several other details also suggest 
themselves as worthy of being mentioned. But these 
matters are of consequence only for calculation in special 
cases and not for the understanding of the general working 
of the system. , 

The fundamental idea of the whole system, viz., the reap- 
ing of the advantages of superheated steam without sharing 
its inconveniences, as I —_ was fully understood by the 
reader of my last letter, will, by means of the exposition I 
have here le, be in such a way appreciable, that the 
reader might be in a situation to trace the mode of carrying 
out the system and find that no vacancy exists in the con- 
struction of the same, that no available work is lost and no 
work to be done forgotten, in enumerating the transforma- 
tions and exchanges of what is called heat and labour of 
internal and external work. : 

There only remains now the matter which I already 
mentioned in this letter as having to be treated further 
down ; that is the mode of carrying the exhaust steam from 
the cylinder into the injector, and the work carried with 
this steam. At the same time allow me to answer the 
objections of persons who think there exists no more pro- 
fitable mode of obtaining external work out of heat in steam 
than by largely expanding saturated steam. _ 

The rule that when I have steam of a certain tempera- 
ture and put it to work in such a way that I deliver it up 
at the lowest possible temperature, there remains no more 
heat to be transformed into external work, is indisputable. 
But it is also a matter of simple calculation, as I have 
already observed, to find out that if steam is superheated 
there will be a so much greater part of the taken up heat 
transformed into external work, that if I exhaust the steam 
at a much higher temperature than that of saturated steam 
expanding between the same pressures (and also, to a 
certain extent, between pressures more distant’ from each 
other), I reap none the less a considerable advantage in 
work done as compared with the sum of heat taken up in 
both cases. Now, this perhaps it might be expected that 
no one would dispute, as:it follows clearly from the theory for 
working with superheated steam. Yet some persons really 
do so. I have told that my system of working has 
appeared several years too late, the pee of saturated 
vee a now practised realising all saving which is to 
be e. 

But there may also be some person who may found an 
objection to my system on the supposition that there is 
to be caused a vacuum in the injector, corresponding with 
that in the condenser, in order that the transportation of 
a part of the exhaust steam to the injector might not in- 
crease the back pressure. For those who do not believe 
4 any ne he only porrite- as in ~ bay letter, that 

e working been practically proved for many years, 
and if I had only the requisite means at my disposal for 
farther experiments, I would show it instantly. I have more- 
over another answer to this objection, but, to begin witb, I 
must ask the reader to —- asa fact that the injector 
really has sucha mr soapy | that the pressure in the same 
depends (constructive details apart) upon the relation 
between pressure and counterpressure, pressure in boiler 
and pressure in receiver. ; 

It will then be obvious that it is only necessary to put the 
injector in communication with the cylinder, constantly or 
occasionally, and the exhaust steam will pass into the in- 
jector just as it does into the condenser, or, condensation 
not being used, into the atmosphere. (In this latter case 
the pressure in the injector need not be lower than that 
¢ the te “pe and how in Ae pre en works 

to be seen by my experimental apparatus). 

The tanagertgiien of the exhaust steam from the cy- 
linder into the injector might be performed in several ways. 
The pressure in the onthe acting side of the 

ton at the end of the stroke is i than that 

the condenser, or of the atmos, when condensation 
is not used, the steam consequently rushes out with 
a certain velocity, which velocity contains the same work 
as the expansion of the steam between the same pressures 
would perform, but not, as when steam flows out from a 
boiler, where the higher pressure is maintained constant, 
the difference between the products of pressure and volume 
corresponding to the said pressures. This velocity. might 
now be utilised in making the outflowing exhaust steam 
compress itself to a certain degree in a chamber provided, 
say, with a movable loaded piston (as mentioned in my 
last letter when describing the diagrams), from whence it 
then will flow out into the injector as required. Whether the 
work done by the transportation of the exhaust steam 
from the cylinder into the chamber is to be considered as 
an outflow followed by compression, as here supposed, or 
merely as an expansion, depends upon the ments 
for putting these two spaces into communication with each 
other, but it is of no importance, the same work being 
carried with the steam in both cases. 

But wo = { having — —_ as to - 
practical worki arrangement for purpose 0: 
utilising the first rash of the exhaust steam, caused as before 
shown by what is called incomplete expansion in the 
cylinder, may allow me to draw his attention to the follow- 
ing circumstances. It is known that the exhaust lead of the 
slide-valve causing the acting steam in the cylinder to com- 
municate with the atmosphere or the condenser before the 
end of the stroke, at the same time causes a certain loss of 
pressure in the cylinder. If then the slide motion were 
arranged so as to open somewhat earlier, not into the 
ordinary exhaust port, but into the before-mentioned 
chamber, where the pressure was being maintained lower 
than that in the cylinder, but higher than that in the con- 
denser or the atmosphere, and this communication were 

some time 








arrangement, as when the communication with the ordi- 
nary exhaust pipe somewhat later was being effected, the 
tension of the steam in the cylinder would be lowered, and 
its quantity lessened by delivering into the said chamber the 
steam intended to be earried into the injector, or in other 
words, the exhausting of the steam would already have been 
partly effected. 

From what has now been said, it will be seen that the 
exhaust steam will have sufficient time to expand into the 
chamber from which the injector, by means of the pressure 
of the loaded piston, will, as already mentioned, be sup- 
plied with an eqaal amount of exhaust steam. The work 
carried with the said steam into the injector would then, 
according to the pressure in the injector being equal to or 
lower than that in the chamber, conzvist of the product of 
pressure (that of the chamber and the injector) and volume, 
or else partly of velocity (to be calculated as derived from 
outflow by constant pressure), partly of product of pressure 
(that of the injector) and volume. 

Here is then an answer to the objections regarding the 
capacity of the injector, viz., it is not necessary, in order to 
secure the advantages of the system, to maintain the pres- 
sure or vacuum in the injector equal to that in the con- 
denser. 

I will here mention that in case of no chamber being used, 
but the injector being kept in direct communication with 
the cylinder during the same time as the cylinder com- 
municates with the ordinary exhaust port, the work carried 
with the exhaust steam into the injector will consist of the 
product of pressure (in the injector) and volume, as next 
before described, but of a considerably smaller amount of 
velocity, the outflow of the exhaust steam being effected 
into the ordinary exhaust pipe as well as into the injector. 

But perhaps the reader does not believe either in the 
capacity of the injector or in the efficiency of the ex- 
podient of using the intermediate chamber in the way now 

escribed. I will then go further and suppose Iam working 
with increased back pressure during part of the stroke. 
The transportation of the exhaust steam may in that case 
be effected in the same way as herebefore described by 
means of an intermediate chamber, the piston in the same 
being loaded so as to correspond to the pressure in the cy- 
linder at the end of the stroke, and the communication with 
the ordinary exhaust port not being effected until the 
piston of the cylinder has pressed into the chamber the 
quantity of exhaust steam required for the injector. The 
exhaust steam will then carry with it into the injector a 
certain quantity of work of the same kind as already de- 
scribed, but greater in the same proportion as the pressure 
in the chamber is higher. 

This system of carrying exhaust steam of higher pressure 
into the injector will cause the average effective pressure in 
the cylinder to be lessened, and consequently it necessitates 
an increase in the diameter of the cylinder ; but at the same 
time it causes the effective pressure to be more equal ; more- 
over, the disadvantage of this lessening of the effective pres- 
sure is mced in some degree by the greater quantity 
of work carried with the exhaust steam into the injector, 
and principally by the advantage for the working of the 
whole system of using a higher pressure in the injector. 
It should be observed that the advantage to be de- 
rived from the steam from the boiler flowing out into a 
space where the pressure is very low—and during which 
outtlow consequently a large quantity of heat will be 
transformed into velocity—is not only counterbalanced 
by the compression requiring likewise more work to be 
done, but more than counterbalanced by the outflowing 
steam, ey hee my system, having to compress not 
only itself but a certain quantity of other (exhaust) 


From what I have now mentioned, it will be found that 
by means of this system of utilising exhaust steam the advan- 
tage will be secured, not only of ery ce omg, ohedy 
of steam, of the pressure prevailing in the injector and whic 
would otherwise have been wasted, on which to apply 
and turn to practical use (by means of the several transfor- 
mations described), the larger quantity of heat transformed 
into external work relativély to the sum of taken up heat, 
which is to be obtained from superheated as compared with 
saturated steam; but also of utilising, as far as regards 
that part of the already used steam which is being ex- 
bausted into the injector, a certain amount of work re- 
maining in this same steam, corresponding to the difference 
between the pressure in the cylinder at the end of the stroke 
and that in the injector, and which would have other- 
wise been consumed in pressing away the atmosphere or 
heating water in the condenser without any use. For the 
gorpese of heating feed water, as well as for artificial 

a. the anaes mg oy - carried to the injector will 
suffice, as corresponding to the smaller quantity of steam 
ge egy ay 

lo not mention now vantage to be derived from 
the considerably smaller condenser ate although this 
pr mare , See é., have to ~ taken into con- 
sideration, w prac y epplying the system and calca- 
lating the work to be done, as it Pree work of the 
air-pump ; but it is more a matter of firstcost, and there- 
about I have not treated it in this letter. I may also 
mention the dimensions of the boiler as being smaller 
in proportion as steam of higher pressure and tempera- 
ture is used, and consequently more exhaust steam 
retarned, which circumstance counterbalances the in- 
crease of its strength. There are also several similar 
matters, such as the smaller feed-water pump and the 


economy in work required for feeding; but as the 
system is applicabie to every kind of and engines 
t matters cannot be treated , but only 


in reference to any special case. the fact ought to 
be specially set forth, that the application of this system 
does, as a rule, not in any way interfere with the engine 
and the system applied for its construction, with the only 
exceptions that the diameter of the cylinder is to be some- 





what increased when working with back pressure, and that 
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THE UTILISATION OF EXHAUST STEAM. 
. Absolute Pressure in Atmo» heres, with corresponding Pressures over | Temperature of Steam gene- Effect (in relation 
Atmosphere in Pounds oar Square Inch, or Vacuum in Inches of | rated in Boiler (Columns 1 Proportion of — working the Engine | 1, Goal used) with a 
4 Mercury. and 8) in Degrees of Fahr. erived from this System, as 3 
4 . compared with di- 
eda say rect wo with eat 
‘ Cylinder at ss —— Pa wi 
° : Receiver and pe ; Added by | After Super- Exhaust fri Generated in @ Effect of the 
Boiler. : the End of Chamter. Injector. Boiler. — —_ tter di £ 
Cylinder. the Gtroke. Superheating. heating. Cylinder. iver, - the ae 5 3 
a, 2. 3. 4. 5. 6. 3 8. 9. 10. 11, 12. 
1 20 4 7.82 = = 360 768.8 0.354 0.592 0.054 1.497 
2 — ones re 720 1128.3 0.238 0.668 0.094 1,812 yon 
” ” ” ” ” ‘ 5 » . . . . 
3 h b ni ” 3 = 360 768.3 0.573 0.352 0.075 1.447 30.90 
(29, . 
4 Po i P e ia 720 1128,3 0.407 0.482 . 0111 1.788 07 
5 R eo . : 360 768,3 0.647 0.264 0.089 1.281 21.96 
(0 Ib.) 
6 r i pe 3 720 1128.3 0.427 0.446 0.127 1.702 41.24 
- vais a S ms ss 360 755.4 0.398 . 0.544 0.058 1.415 29.31 
(235 Ib. 
8 a os ne a ° 720 1115.4 0.262 0.638 0.100 1.720 41.87 
9 bs il 615 “ = 360 755.4 0.333 0.614 0.053 1,558 35.80 
10 On ae omy 720 1115.4 0.225 0.682 0.093 1.923 48.00 
* ” a ” % 7 x r i / 
iL ; sf , e pet > é 360 740.9 0.381 0.562 0.057 1.458 31.42 
(191 Ib. ; ‘ 
12 5, ‘ : ~* = 720 1100.9 0.252 0.649 0.099 1,778 43.75 
13 z 8 4.47 = - 360 740.9 0.306 0.644 0.050 1.666 39.97 
(108 Ib.) (51 1b.) , 
14 ib 2 - ss 720 1100.9 0.209 0.702 0.089 2,028 50.70 
15 it a . - vs 360 729.4 0.357 0.588 0.055 1.540 35.03 
(147 Ib.) 
16 a “ 2 < Se 720 1082.4 0.244 0.660 0.096 1,850 45.95 
17 25 14 7.82 = - 360 786.5 0.308 0.643 0.049 1.597 37.37 
(353 ib.) (191 Ib.) (100 Ib.) 
18 ‘. 3 % a : 720 1146.5 0.215 0,697 0.088 1.897 47.30 
19 30 11 6.15 = = 360 768.3 0.299 0.659 0.042 1.635 38.85 
20 a hae oe”) — 720 1128.3 0.208 0.710 0.082 1.985 48.84 
21 ; 8 4.47 zs = 360 768.3 0.258 0.718 0.024 1.778 43.76 
(103 1b) (51 1b.) 
22 = ™ P ” 720 1128.3 0.178 0.744 0.078 2.207 54.68 
23 8 44 0.7 0.18 360 699.5 0.651 0.255 0.094 1.251 20.05 
(108 Ib.) (59 ib.) (9 in.) (24.6 in.) 
24 “ <j “ - ‘ 720 1059.5 0.473 0.395 0.132 1,506 3.61 
25 . . : os 7m 360 699.5 0.608 0.308 0.086 1.344 59 
(18 in, 
‘en ee eee ae oe ee ee lS CUR 
28 . rs . 3 a 720 1059.5 0.396 0.494 0.110 1.534 3481 
29 ‘ e or pm oa 360 699.5 0.606 0.308 0.086 1265 20.96 
n, 
30 A , C e J “! 720 1059.5 0.444 0.487 0.119 1471 32.03 
L 2. 3. 4. 5. 6. 7. 8. 9. 10, 11, 1 









































Note to cols, 1 to of 


the arrarigement of the exhaust port and the slide motion 
will require some alteration. aE 

Now allow me to refer to the Table annexed containing 
some examples showing several features relating to the 
application of the system, and the advantages to be derived 
from it. It is evident that every decimal of these figures is 
not to be relied upon, as would be the results of practical 
tests, but they are as nearly right as possible as regards 
the working of the system as compared with the ordinary 
mode of using saturated steam. 

I have for each example mentioned two degrees of super- 
heating, viz., 200 deg. and 400 deg. Celsius, equal to 360 deg. 
and 720 deg. Fahrenheit, avoiding what might be considered 
objectionable in this respect, and not, as recently described in 
x, periodical regarding a ere eS 

inventor having pro tripling or quadrupli e 
volume of the pron Mg The ie mf volume at one at- 
mosphere pressure corresponds to a temperature of 2020 deg. 
Fabr. and at 10 atmospheres to 2312deg. These things are 
unreasonable, considering that the temperature of melting 
copper is about 2000 deg. Fahr., and further that the tem- 

ture of the combustion gases scarcely will much exceed 
deg. Fahr. The amount of superheating I propose is 
not detrimental to the material used for the superheating 


apparatus. 

As will be found in looking at the Table, the five first 
columns mention the ures respectively : in the boiler, 
where steam intended for acting in the injector is to be 
ised, and consequently also in the superheater ; in the 
receiver, from whence the steam is delivered to the 
engine ;. in the cylinder of the engine at the end of 
the stroke, after the oxpacion of the steam ; in the before- 

tioned chamber, w that mode of carrying exhaust 
to the injector is used; and in the injector. 
Where the mode of transporting the exhauststeam by means 
¢ puny working with increased back pressure is 

, the Columns 3, 4, and 5 present identical figures. 
The ordinary back pressure in the engine is sup to be 
for Examples 1 to 22 equal to the atmospheric pressure, 
and for, Examples 23 to 30 equal to 0.18 atmosphere pres- 
sure, or, what is the same thing, a vacuum corresponding 
to 24.6 in. of mercury. 

ives the temperature added by sapehening 

and Column 7 the final temperature after superheating. 
The of the Columns 8, 9, and 10 the relative 
es of steam raised in the boiler, steam, and 
steam raised in the receiyer from heat contained in 
the compressed mixture; and these 


FE 


x jher compose the 
unit'of »weight required for working the engine during 





as before mentioned), as compared with the quantity of 
heat required to be delivered from the combustion gases 
(the feed-water temperature taken to 176 . Fahr.) for 
raising this said steam in the boiler, from whence it then 
would be carried in the ordinary way direct to the engine, 
to be represented by the cipher 1, the figures of the Colamn 
11 give the relatively greater effect in work obtained out 
of the same quantity of heat, when applying this new 
system of re-utilising exhaust steam by ing newly 
raised superheated steam compress it and giving the com- 
ressed mixture to work the engine under the same con- 
ditions as ~ per to 0 pomp wakes a po The dis- 
van 0! ly working wi pressure 
(Exam 1, 2, 7 to 22, 27 to 30) and of raising steam of 
higher temperature in the boiler are duly observed, but 
the advantage of less work being required for maintaining 
the vacuum in the condenser (Examples 23 to 30) is not 
— 12 gives th ding saving of coals i 
umn 12 gives the correspon saving o! in per 
cent. of those required for working, as Soleapamentionel, 
with saturated steam. 

Now I come to the special examples: 1 to 22 are all for 
working with high pressure steam, 100 lb. to 2001b. per 
square inch, suitable for locomotive engines. The steam 
supply is supposed to be cut off at three-fifths of the 
stroke, the expansion thus being to 1.67 times the 
original volume. The engine is sappees in all cases to 
be working partly with increased k pressure except 
in Examples 3 a 4, where the pressure in the chamber 
is taken as three atmospheres, and 5 and 6 where the 
exhaust steam is supposed to be carried direct from 
the cylinder to the injector, the pressure in the latter 
then being equal to that of the atmosphere. As to what I 
mean by partly working with in pressure, or 
with a middle pressure being maintained in the chamber, 
or with direct communication between the engine and the 
injector, I refer to what has before been said about 
the several means for carrying the exhaust steam 
from the engine to the injector. The means for comparing 
these different methods, when working with. high-pressure 
tes, Tet cabbenpeenedl iesemembenntet tet 

ly high-working pressure a , is 
unintentionally and quite indifferent, as the data are only 
intended to put the reader in a situation to compare the 
relative advantages of the methods of working above de 


In looking at these examples, 1 to 22, the reader will find 
that an excess of in the boiler over the working 
atmospheres, and the raising of the 
;Snew © very Cras advantuge to 

0 


£ 

‘system, while this 
‘when the 

are raised somewhat more. 


amples 17 to 22 specially show 


The ex- 


influence of a very great 








= Signifies equal to the figures of the next former column of the same line. 
» Signifies equal to the figures of the next former line of the same column. 
— Signifies that nothing is to be pu‘ there, the chamber not being used. 


difference between boiler pressure and working pressure, 
and all these examples the still greater influence of raising 
the temperature. 

The examples 23 to 30 are for working with a low pressure, 
50 lb. over pressure, suitable for marine and several 
stationary engines ; 23 and 24 have direct communication 
for carrying the exhaust steam from the engine to the in- 
ieotor. where the pressure then is the same as in the con- 

nser, 0.18 atmosphere, or 24.6in. vacunm; 25 and 26 
have a middle pressure of 0.4 atmosphere, or 18 in. vacuum, 
in the chamber ; aud 27 to 30 suppose working partly with 
increased back pressure. The expansion is in 23 to 28 
taken as five times the origi volume ; and in 29 and 
30 as somewhat more than eight times. 

The investigation of the of these examples will 
cause the same observation to be made as above regarding 
the influence of eoicing Se temperature. 

Having now with this long tried the patience of 
your ers, as well as your own, I am going to close .it, 
asking the reader especi look at the Column 8, the 
relative ry ey of steam required to be raised new; and 
Column 12, the saving of coals ; and repeating that this in- 
vention is not to be com with improvements in the 
construction of steam boilers of indifferent or doubtfal 
advantages ; itis a new mode of transforming heat into 
useful work, easily applied, extremely advantageous, and 
indisputably correct. 


t 
London, October 1, 1877. Werner Ericson. 





WASTE OF WATER FROM MAINS AND 
SERVICE PIPES, 
To THE Eprror or ENGINEERING. 

Srr,—I have for some years been engaged in detecting 
waste in mains and service pipes and the ear has become 
accustomed to the ordinary turncock’s bar as used for a 
stethoscope, but in the busy thoroughfare this is not _suffi- 
ciently sensitive to indicate a small escape of water. If any 
of your numerous readers will kindly explain through your 
columns any instrument that is more effective for this pur- 
pose they will confer a fayour on a country subscriber and 


TURNCOCK. 
Easthoarne, October 10, 1879. 





_ TELEGRAPH TO Detacoa Bay.—The local representa- 
tive of the Eastern Te’ lh Company gives notice that a 
cable between Durban and Delagoa Bay has been com- 

leted. The section is, therefore, now open to the public. 

he rate from Durban to Delagoa Bay is 13d. per word, 
including addresses for all messages. The Imperial, 
om and Colonial Governments are entitled to half 
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THE BRITISH ASSOCIATION AND THE 
PATENT LAWS. 

In our issue of September 12 we published the 
report of a Committee of the British Association 
appointed for watching and reporting to the Council 
on patent legislation. The report in question bears 
date March 24, 1879, and is sigaed by Dr. Siemens, 
F.R.S., as chairman, and Mr, Bramwell, F.R.S., as 
secretary. As the subject of Patent Law Reform is 
likely to receive attention before the next session of 
Parliament, preparatory to the introduction of Bills 
on the subject, it may be well to offer a few observa- 
tions on the report in question. That the Committee 
is a most influential one cannot be questioned. It 
is composed largely of Fellows of the Royal Society, 
and all the members are gentlemen of standing. 
This being so, the report is undoubtedly deserving 
of most attentive consideration. On the other hand, 
owing to the influential character of its framers, 
there is danger of undue weight being attached to 
the conclusions arrived at and set forth in the re- 
port. The reform of our patent laws is a question 
which concerns not only particular classes, but the 
nation at large. We do not hesitate to say it is at 
this moment a question of paramount importance. 
In View of the increase of competition by other 
nations, everything possible should be done to en- 
courage inventive ingenuity and create new or im- 
proved manufactures in the realm. 

__ Defective as our patent laws have heretofore been, 
it cannot, in the face of history, be denied that they 
have to an incalculable extent promoted the manu- 
facturing industry and commercial activity of the 
country. This has been fully recognised by other 
nations, who have adopted like means with the same 
object. Indeed, the circumstance that some foreign 
countries have now more liberal and encouraging 
patent laws than our own has unquestionably 
teaded to advance their material interests at our 








expense. And astrade revives, unless our patent 
laws be quickly placed upon a more satisfactory 
basis, the influence of the more favourable laws of 
other countries will probably become more notice- 
able. Since therefore the question so clearly affects 
more orless directly the interests of all, it would be in 
the highest degree injudicious were our law-makers to 
be unduly influenced by the ideas of members of a 
particular class or section of the community. For 
our part we incline to think the views of a majority 
of the public could be more correctly inferred from 
a perusal of the discussions at meetings for example, 
such as those of the Society of Arts, to which all 
interested are invited, than from the resolutions, 
however practical and valuable, of such a Com- 
mittee as that whose report is under notice. Un- 
questionably the opinions of scientific and other 
gentlemen of the highest eminence are of im- 
mense value when dealing with such a matter as 
Patent Law Reform; but we think every precau- 
tion should be taken against attaching importance to 
the eminence of individuals rather than to the 
policy of their suggestions. 

The Government would commit a very grave 
error were they to suppose the views expressed in 
the report of the British Association Committee 
might be taken as a true index to public feeling on 
the subject of the Patent Bill of last session. We 
do not think, however, the Government will be 
so ill-advised. Indeed, in view of the wide- 
spread feeling of dissatisfaction several important 
clauses of the Bill evoked, no one could seriously 
regard as a true indication of public opinion generally 
a — containing such a statement as the following, 
which we extract from the report before us: 
‘‘They (the Committee) believed that the Bill if 
altered as they suggest would be a better Bill than 
it is now, but they look upon the general scope of 
this Bill with so much favour that they desire to 
refrain from any insistence of their views in respect 
of detail, if such insistence would be at all likely 
to impede the passing of the Bill this session.” 
It is difficult to understand this in view of the 
well-founded and serious objections contained in the 
report itself. Our readers may remember, for in- 
stance, that whilst approving of the extension of 
provisional protection to twelve months, the Com- 
mittee pointed out that as the patent might be 
opposed at any time within the ‘ prescribed time,” 
and as “ prescribed” meant prescribed by general 
orders, or general rules under the Act, there was 
nothing to render it certain that the ‘‘ prescribed 
time” might not be so extended as to enable oppo- 
sition to be made after the complete specification 
was published, as it must be at the end of nine 
months, at the latest, from the date of the patent, 
The Committee observed that if the ‘ prescribed 
time” were thus extended, all opponents would wait 
until the complete specifications were public, and 
they would have an opportunity of conducting their 
oppositions with the same elaboration and expense 
that would be bestowed in impugning novelty by a 
defendant in a patent action; also, that the appli- 
cant would be put to similar cost, and thus the 
benefit conferred upon a _ inventor by the re- 
duction in the fees. to paid on obtaining a 
patent would be much more than neutralised, 
and in lieu of the average of nine patent causes 
per annum, which prevails under the present 
law, there would in effect be as many causes as there 
were oppositions to the sealing of patents. Surely 
the foregoing alone constituted a sufficiently strong 
argument against the Bill to upset the theory that 
it would have been advantageous to have the Bill 
unaltered rather than not at all. But the defect 
alluded to is by no means the only one referred to 
in the report. The Bill did not provide against 
racing for the Great Seal—a pernicious practice 
which has sprung up under the existing law, and 
which renders provisional protection practically all 
but useless. Clause 19 was very properly condemned. 
It may be remembered this clause rendered a patent 
voidable after three years, on either of two grounds, 
namely, failure to use, or to properly endeavour to 
do so, proof of which was to rest on the patentee ; 
and refusing to grant licenses to proper persons on 
terms to be im by the Lord Chancellor. No 
doubt some members of the Committee have had 
experience of the effect analogous provisions have, 
in practice, in those countries where they obtain, 
ond: we can only assume that these members were 
overruled by a majority inexperienced in these 
matters, when it was decided to say the Committee 
looked upon the general scope of the Bill with so 
much favour that they desired to refrain from any 





insistence of their views in respect of detail, if such 
insistence would be at all likely to impede the passing 
of the Bill. Our present Patent Law is preferable to 
one with such objectionable provisions as above 
alluded to. No doubt, theoretically, it may seem to 
inexperienced persons that such clauses cannot in any 
case do harm, and will in many cases do good. To 
any who may entertain this view we would suggest a 
rusal of the article on ‘‘ Compulsory Working of 
atents,” in our issue of September 5th, wherein 
facts are given which k for themselves, 

Clause 24 of the Bill was likewise strongly con- 
demned in the report, and with very good reason. 
It had reference to what were called imported in- 
ventions, which, as the Committee well pointed out, 
ought to be dealt with upon the same terms as 
English inventions ; and the duration of an English 
patent should not be affected by the determination 
of any foreign patent. The aim of the Patent Law 
is not to confer a favour on the inventor, but to get 
hold of his invention for the public benefit, Hence, 
whether the invention be an imported one or not 
becomes a matter of no real consequence so long as 
we get it well introduced here, and to attempt avy 
legal distinction is illogical and impolitic. 

Strangely enough, the principal concession the 
Bill contained as a set-off — its objectionable 
features, viz., extension of the term of a patent to 
twenty-one years, was objected to by the Committee. 
The chief reason for their objection would seem 
to have been that so long a term, as a matter of 
right, might be objected to and might imperil the 
Bill. Most people, however, will probably think 
the objection might have been left to be raised in 
Parliament. Members of Parliament are in a large 
measure wr genet | outside opinion, and, in- 
asmuch as the proposed extension of term to twenty- 
one years has received very general approval, it is 
difficult to conceive what object the British Associa- 
tion Committee could have in suggesting a re- 
duction of term on the mere assumption that twenty- 
one years might be objected to. Belgium, Spain, 
and other countries grant patents for longer periods 
than they are ordinarily given for in this country at 
the present time ; but, on the other hand, the Privy 
Council has the power to grant a prolongation of 
fourteen years—thus making the total term of pro- 
tection twenty-eight years. As we have before 
pointed out, the strongest objection to the present 
system is that in those cases where a prolongation 
should be granted, the patentee is often precluded 
from seeking it owing to the very circumstances 
which weal justify his application, We cannot 
see any peculiar merit in the term of seventeen years, 
suggested by the Committee apparently because 
that is the duration of a United States patent. If 
we are going to follow the United States law in this 
respect, why not also in others? Why not gg 
that a valid patent may be obtained by the 
inventor at any time, so long as the invention 
shall not have been in public use in the United 
Kingdom for two years prior to the date of his 
application for a patent here? To suggest cutting 
down the duration of the patent without makin 
this and other additional provisions, as in the United 
States, is, on the face of it, inconsistent. Again, it 
will be asked, if we are to imitate the United States, 
why not reduce the total Government charges for a 
seventeen years’ patent to 7/.? 

The fact is the views of many persons on the 
subject of patent law are, to say the least, very con- 
fusing. e are told the Treasury could not be in- 
on consent ae material reduction or the fees 

ble in respect of patents, owing to the loss of in- 
ae this would entail, On the > oa hand, in the 
memorandum printed in front of the Attorney- 
General’s Bill of last session, we were informed 
with reference to Clause 17, which provided for 
amendment by way of supplement, that such a pro- 
vision was new, and would probably getrid of the con- 
siderable proportion of separate patents now taken 
out for small improvements invented in the course of 
the use of the patented invention. Itis easy to imagine 
numerous cases where no such improvements would 
be required to be added to the original patent. Why 
then should patentees in such cases be made in- 
directly to pay extra to cover those cases where 
improvements were added? Getting rid of the 
considerable proportion of separate patents. now 
taken out for small inventions means reduc- 
tion of Government income. It does not mean re- 
duction in the number of inventions which the 
public will for a limited period be restrained from 
using, Reduction in the fees payable on each 
patent would mean offering to the many an induce- 








34 





ENGINEERING. 


[Ocr. 24, 1879. 








ment now available only to the comparatively few. 
This would result in a distinct public gain. 

It would not be unreasonable, were the Govern- 
ment fees largely reduced, to more strictly enforce 
the rule limiting the amount of invention to be 
covered under a single patent. We do not suggest 
this should be done to the same extent as obtains in 
the United States. There it is frequently overdone. 
But when it happens, as we know it does, that an 
American who has had to take out a dozen or more 
patents in his own country, comes here and covers 
the whole’ ground under a single patent, we think 
the time has arrived when reduction of fees may 
properly be considered in connexion with the extent 
of ground to be covered byapatent. We have been 
told, over and over again, that the Americans are a 
more inventive people than our own, This is not 
the case. That the number of patents taken out in 
the United States is much larger than the number 
taken out here is very true, but the explanation is 
to be found, not in the relative iaventiveness of the 
two peoples, but in the limited amount of subject 
matter a single patent is allowed to cover in the 
United States, as compared with what may be in- 
cluded in the United Kingdom. A mére modifica- 
tion of an invention should not be required 
to form the subject of an independent patent, 
On the other hand, two distinct processes or 
apparatus cannot properly be said to form together 
a single invention when their only similarity is 
that the object of both is the same, ‘Two totally 
distinct constructions of steam boiler do not consti- 
~ tute a single invention, because the purpose in both 
cases is to generate steam. 

What we have above stated goes to show that if 
we are to copy from the patent laws of other nations, 
the whole subject of Patent Law Reform must be 
treated in a very comprehensive manner, and not by 
arbitrarily picking out a solitary feature, here and 
there, without reference to the remainder of the 
conditions which go to make up the complete law 
and practice of the country we propose to imitate. 

The British Association Committee, referring to 
the Bill brought in by Mr, Anderson and others, 
expressed the opinion that it should not be pro- 
ceeded with, looking at the comprehensive Govern- 
ment measure then before the House of Commons. 
Mr. Anderson’s Bill provided that the term of 
letters patent should be twenty-one years; and 
also for reduction of stamp duties, There can be no 
doubt suchameasure ould operate most beneficially, 
and although it left untouched several important 
points dealt with in the Government Bill, including 
grace for a of stamp duties, amendment by 
ee supplement, &c., yet it would be far better 
to have even the limited amendment proposed, than 
the more comprehensive alterations provided in the 
Government Bill, with all their disadvantages. 





THE TRIALS OF THE 38-TON GUN. 

We understand that the day is not far distant, 
when the surviving 38-ton gun of the Thunderer 
will be subjected to certain experiments, with a view 
to testing the truth of the various theories put 
forward as to the cause of the unfortunate explo- 
sion, which resulted in the total destruction of the 
fellow gun. If we revert to this subject before the 
experiments have been actually carried out, and 
while there is still nothing new to report, it is 
because the matter is one of national importance, 
involving as it does the efficiency of the fleet, our 
first line of defence, and first means of offence in 
case of war. Whatever may have been the cause, 
this only is certain, that one of the two most 
powerful guns afloat in the Royal Navy burst 
disastrously, under circumstances which differed 
from those of actual warfare, only in so far, that they 
were infinitely more favourable to the gun, than they 
would have been in the heat and excitement of 
action. 

Naturally doubts arose in men’s minds as to 
whether our system of ordnance construction was a 
good one. Unfortunately these doubts have never 

n dispelled, for the two committees of inquiry 
which sat upon the gun have reported differently as 
to the cause of the explosion. The report of the 
second. committee was received with a certain 
amount of incredulity, and was even assailed with 
great ence by many undoubted authorities, 
such as Sir W. Palliser and others, It is now 
the business of the new heavy gun committee, 
to whom is entrusted the conduct of the experiments, 
to set the question at rest for ever. Itis not the busi- 
ness of the committee to defend anybody or to attack 





anybody. Its duty simply is to ascertain the truth, 
and having ascertained it, to furnish the nation 
with the best advice as to how such disasters are 
to be avoided in future, Under these circumstances 
it is of the greatest importance that the course and 
order of the experiments should be wisely chosen, 
so that no doubt may in future arise on the 
subject. There have been three causes of explo- 
sion alleged by as many different parties, viz.: 1, 
double loading through complex and inefficient 
loading arrangements ; 2, an air space between the 
cartridge and projectile caused by the wad having 
been partially withdrawn by the rammer, while the 
barrel of the gun was inclined downward ; and, 3, 
an obstruction in the bore which caused the shot to 
jam and split the barrel, ascribed by some to this 
same displaced wad, by others to an injured con- 
dition of one of the grooves, and by still a third 
party to a piece of the gas-check or some similar 
obstruction having been left behind from the pre- 
ceding round, It is with feelings of uneasiness 
that we hear that the committee have decided 
to carry out their experiments in another order, 
and one which may not improbably leave the 
main question still unanswered. It is proposed, as 
we understand : 1, to test the effect of air spaces ; 
2, to cause the projectile to jam; and, 3 and last, 
To fire a double charge. We may safely dismiss the 
first experiment, but as to the remaining two, we 
submit that their order ought to be inverted. The 
main issue to be decided is, whether or no the report 
of the Malta Committee, which ascribed the ex- 
plosion to a double charge, is correct. -It is clear 
that if the report be confirmed we have a very un- 
trustworty gun, for such mishaps may constantly 
happen in the excitement of a battle. Now it is 
quite possible to contrive such a jam that the gun 
must burst, or be so injured that a double charge 
will inevitably complete its destruction ; hence it is 
not improbable that the effect of double loading ona 
perfectly soundgun may never be tried at all, andthus 
the Malta verdict may go down to posterity neither 
confirmed nor refuted. We cannot imagine a more 
mischievous outcome of the experiments. poo | 
then the sound gun should first be double-loaded, 
and then if not burst it should be carefully examined 
to see what injury, if any, it has suffered. It will 
then be time enough to test the effect of a jam, 
and here we venture to counsel the committee to 
cause the jam by such means only as are likely to 
occur in reality, such, for instance, as a slantingly 
withdrawn wad, or a long piece of gas-check firmly 
fixed in a groove at the exact position in the bore 
where the Thunderer gun is known to have given 
way. We trust that there may still be time to alter 
the order of the programme, for we are convinced 
that in this way alone will it be possible to ascertain 
the exact truth, 





THE THEORY OF THE COMPOUND 
ENGINE. 


Berore the publication of The Engineer of October 
17, there was no book in existence “‘in which the 
theory of the compound engine, or indeed of any 
engine, is stated in language which may be readily 
understood by any one who knows no more of 
mathematics than is represented in arithmetic.” Our 
contemporary has, therefore, published “ an explan- 
ation of part of the theory of the compound engine 
in the — form” in answer to the prayer of a 
bewildered “ student” at Newcastle, whose ‘ chief” 
and himself have had to give up an order for a 90- 
horse compound engine, because neither of them 
could come to any definite conclusion as to ‘“‘ what 
diameter either of the cylinders should be for 90- 
horse power.” 

The progress of our contemporary in the study 
of the compound engine has Pe been a matter 
of interest to us; he has bravely struggled through 
some of the rudimentary arithmetic of the steam 
engine, and this 2 ey ae of his, as his former 
exercises, beautifully illustrates how dangerous is a 
little knowledge. He has some misgiving about his 
‘‘ explanation” and presents it with this apology: 
“« As this article is intended for those who have much 
to learn concerning the compound engine, it can be 
read with little benefit by those who have nothing 
to learn. It is strictly elenientary, and those who 
feel disposed to be critical will do well to bear the 
fact in mind.” This is like labelling soothing 
syrups with the notice that they are intended only 
for infants, and, therefore, analysts who feel disposed 
to test them for poison will do well to bear the fact 








in mind. Certainly they should remember that in- 
fants require the protection of others, and that those 
who have much to learn can be protected only by 
those who know something more than our con- 
temporary does about the compound engine. As 
we have on many previous occasions examined these 
exercises of our contemporary, so will we present 
the substance of this explanation to the light of the 
better knowledge of our readers, who do know what 
a compound engine is, 

The Engineer is writing for those who he says 
‘‘ know really nothing about the matter save that 
the steam is used twice over, first in one cylinder 
and then in another’’—and instead of exposing this 
fallacy the first sentence of the ‘‘ explanation” con- 
firms it. ‘‘The compound engine is one in which 
the steam, having first acted on one piston, is, in- 
stead of being discharged into the air or a condenser, 
then permitted to act on another piston.” The 
action of the steam is not repeated, it is only divided 
into parts or ste Just as a waterfall can be 
applied on one wheel or be broken into two suc- 
cessive falls working two wheels. The water is not 
however used “‘ twice over” in the sense that ‘‘ those 
who have much to learn concerning the compound 
engine” generally understand these words. 

he next sentence is still more mischievous, and 
can serve only to mystify the bewildered ‘ student” 
—‘‘In practice it is usual to make the cylinder 
which first receives steam from the boiler smaller 
than the second cylinder, but this is not absolutely 
a .”’ Then follows a numerical illustration 
with a diagram showing how two equal cylinders 
can be used as a compound engine, the pistons being 
both at the ends of the stroke at the same instants. He 
explains that this construction is not generally 
adopted, only because the strains on the two piston 
rods would not be nearly equal. Would it not have 
been more likely to instruct the ignorant if the very 
a of this had been stated, that the principle 
of the compound engine is the dividing the expan- 
sion of the steam between its small high-pressure 
volume and the large low-pressure volume into two 
steps, and that the compound engine is therefore 
essentially one in which a larger capacity of cylinder 
must succeed a smaller capacity? A horse may be 
mounted at once, or by using a stepping-stone ; the 
stepping-stone is a device to reduce racking and 
straining ; it does not make the horse any higher. 
In reference to that The Engiacer might write, ‘ In 
ractice it is usual to make the stepping-stone of 
ess height than the horse, but this is not absolutely 
nece! .” Of course it is not, sanity itself is not 
at all times absolutely necessary, but why introduce 
such foolishness in the first sentence of an explana- 
tion intended for the unlearned? If after having 
explained compound engines he had gone on to 
‘continuous expansion engines” with cranks pro- 
perly set, there might have nm some reason in the 
remark, but for a compound engine with pistons 
beginning and ending their strokes together, the 
statement is an absurdity. 

In the preface to the “explanation” he rails 
against ‘‘ expansion curves,” ‘ adiabatic lines,” &c., 
but notwithstanding that he introduces what, he 
says, Carnot demonstrated, ‘ that the efficiency— 
that is to say, the power of doing work—of any hot 
air, steam, or gas engine, depended solely on the 
difference between the temperatures T at which it 
received the fluid, and the temperature ¢ at which 
it rejected it.” He proceeds to define these tem- 
peratures as the temperature “‘ fixed by the pressure 
in the first cylinder at the moment the piston begins 
to make its stroke,” and the temperature ‘fixed by 
the pressure chosen for the moment the exhaust 
port opens.” One would have thought that ‘the 
power of doing work” would have been in some 
degree influenced by the size of the piston, or by the 
quantity of steam used. 

Overlooking, however, these, seemingly to Carnot, 
unimportant factors, as The Engineer states it, what 
is it that Carnot did say, and which The Augineer 
travesties in this most erroneous assertion, which 
after making every allowance, must be understood 
to mean that the work of any engine is proportional 
to the product of the weight of steam used by the 
difference between the two temperatures specified 
above? 

The meaning of Carnot will be clearer if we illus- 
trate by a waterfall in which we will take height as 
the analogue of temperature. Let us suppose that for 
ages people making water-wheels and other water 
engines had exhausted their ingenuity in modifying 
the forms of the — the engines in order to 
increase the work done bya given quantity of water 
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without having observed that a fundamental factor 
in efficiency was the effective head of thefall. Let 
Carnot then appear and state that the maximum 
power of a water-wheel is proportional to the 
difference in level between the head and the tail 
race, and that the water engine or water-wheel which 
could pump up again all its own water would be 
giving the greatest possible efficiency, and that no 
engine working with that height of fall, and with 
that quantity of water, could everdo more work 
than that engine did, and that the schemers 
who had thought an indefinite increase of power 
to lie in ingenious complications of levers, weights, 
and wheels were engaged on utter fallacies. 
Would it be in accordance with this announcement 
that engineers should then say, It matters not 
whether we put one wheel, or two wheels, or ten 
wheels in succession on the fall, for the heights of 
the head and of the tail race will not be altered by 
these, and “ the efficiency—that is to say, the power 
of doing work,” depends solely upon the difference 
between these two heights. What Carnot did write 
about is an engine which none of us will ever see, 
an engine that can pump its own exhaust all. back 
into steam of the vriginal pressure to supply itself 
without fuel after the first two strokes. Carnot’s 
statement refers to the measure of the mazrimum 
efficiency under theoretical or ideal conditions, and just 
as in an examination by papers with marks the 
maximum proficiency possible is known from the 
papers set, say a total of 1000 marks, while the pro- 
ficiency of each candidate depends on his own merits, 
and may be anything not exceeding the 1000; so 
in the steam engine the efficiency of heat in any 
engine cannot exceed the fraction whose numerator 
is the difference between the temperature of the 
boiler and the temperature of the fexhaust (taken 
not however ‘‘at the moment the exhaust port 
opens,” as Zhe Engineer states it, but at the tempera- 
ture of the condenser, or of the atmosphere, or 
whatever is the receiver of the exhaust), and the de- 
nominator is the higher temperature, from absolute 
zero. The power of doing work by the expenditure 
of a given quantity of heat, which is efficiency, is not 
therefore dependent so/e/y on the difference between 
the temperatures as Zhe Engineer says it is, for it is 
also inversely proportional to the highertemperature, 
absolute. 

Having introduced the waterfall illustration, it 
may be well to develope its application now to 
Carnot’s function in such a way as to put that clearer 
before the reader. 

Let us suppose that certain water wheels are 
driven by water obtained from a pit in which the 
water level is always 461 ft. below the level of the 
sea. The water has to be all pumped up to the mill- 
dam, of which the water level is, say, 300 ft. above 
sea level, and the tail race is, say, 100 ft. above sea 
level, Carnot’s function tells us about the steam 
engine what any one can see at a glance is true for 
this water-wheel scheme, that as the water has to be 
all lifted 461+300=761, and as only 800-100= 
200 ft, can possibly be utilised the maximum efficiency 


cannot exceed er = 262, and even that would 


be perfection under those conditions. This, trans- 
lated into steam, reads, An engine works with steam 
supplied at 300 deg. Fahr., and exhausts into a con- 
denser at 100 deg. Fahr., what is the maximum 
fraction of the work putinto the steam in the boiler 
in the form of heat that can under even theoretical 
conditions be given out by the engine. Absolute 
zero being 461 deg. Fahr., below 0 deg. Fahr., the 
300.— 100 

pata ME cial E 

38UU + 461 

There is still some scope within the maximum of 
Carnot for judgment as to the number of cylinders, 
length of stroke, ratio of areas, cut-off, &c. When 
some inventor proposes to realise by an.improved ex- 
pansion valve, or by a new piston ring, an efficiency 
exceeding the theoretical maximum of Carnot, then 
is it that Carnot can be brought to the front with con- 
fidence and advantage. It is also valuable to com- 
pare the efficiency realised with this theoretical 
maximum just as the efficiency of a turbine is given 
in percentage of the duty of the fall. 

A simple rule for readily making this comparison 
appe in this journal in 1871, the steam co- 
eflicient as there defined can be read as tenths 
of absolute efficiency. ‘That is to say that an engine 
as above cannot give a steam coefficient greater 
than 10 x .262=2.62. 
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answer is 





We may caution our young readers not to expect 
to be able to see the Why of the steam form of 
the efficiency problem as clearly as that of the pit 
and milldam illustration ; itis not obvious, indeed no 
one has yet solved the Wy of it completely. 

Our contemporary seems to have no idea of there 
being any connexion between the boiler pressure 
and the ratio of the areas of the two pistons, Some 
eminent firms have a rule like the following: Add 
100 to the boiler pressure, point off two figures, and 
you have then the ratio of the diameters of the two 
cylinders. Example, steam pressure 82, gives 1.82 
as the ratio of diameters. The reader will, no 
doubt, like to know whether it is the steam pressure 
by the gauge, or the absolute pressure that is to be 
used. The originators of the rule used the pressure 
to which the safety valve is loaded, but if the atmo- 
spheric pressure be added to that, the result will be 
found to agree better with general practice. 

We have not space to follow The Engineer further 
at present. He assures the apprentice and his 
‘‘ chief” that ‘‘ by following the rules we have laid 
down they may rest content that they will make no 
mistakes.” What a blessed heritage. that. page of 
The Engineer must prove to these two poor men! 
We trust to see the 90-horse tug engine they pro- 
duce, proudly illustrated by our contemporary, 








THE ELECTRIC LIGHT IN THE BRITISH 
MUSEUM. 

On Monday evening last, by the invitation of the 

Trustees of the Museum, a number of gentlemen 
visited that institution to judge of the results of 
some recent experiments which have been made to 
introduce the electric light into the reading-room, 
The experiments which were undertaken in the 
early part of the year, were described in our last 
volume. 
Under the present system two different methods 
are employed to produce the light, the reading- 
room itself being illuminated by four lights of 
5000 candles each, produced by continuous currents ; 
and the seven 400 candle lights, which are dis- 
tributed in the entrance halls, and the outside of 
the Museum, are connected in one circuit of about 
1200 yards in length, to an alternate current machine, 
The regulators in the reading-room are those 
of Messrs. Siemens and Halske, of Berlin. . They 
are so simple as to be managed by even inex- 
perienced persons, They are constructed to take 
carbons 19 in, long, and as these are consumed at 
the rate of about 3 in. per hour, the light may be 
maintained for six hours without renewal of the 
carbons. For the alternate currents other regulators 
are employed, by which the position of the carbons 
depends, not on the strength of the current, but on 
the relative amount of electricity passing. These 
regulators are so arranged that the going out of one 
does not affect the burning of the other lights in the 
same circuit;.and new carbons can be put in any 
lamp in about half a minute, when itis ready to burn 
for another five hours. 

The ines which supply the current are 
laced in a shed behind the pn tag and are driven 
y two eight-horse semi-fixed engines, constructed 
by Messrs. Wallis and Steevens, of Basingstoke. 
They possess some special features which render 
them well adapted for driving electric-lighting 
apparatus, the chief of which is the regularity of 
speed maintained by the governors.. 

The engines, nominally of eight-horse power, 
can be worked up to nearly three times that 
value. At present their speed is 125 revolutions 
per minute, but this can be increased to 135. The 
boilers are worked at a pressure of 75 lb. per square 
inch. The firegrate has an area of six square feet, 
and a heating surface of 165 square feet. ‘The feed 
water enters the boiler at 205 deg. Fahr. 

The leading wires from the machines to the lights 
in the reading-room are brought over the roof of the 
building to the lantern on the top of the dome, 
being a distance of 200 yards, As already stated, 
there are four lights in the room, viz., one central, 
and the remaining three at the apices of triangles 
terminating respectively at the north-east, north- 
west, and south of the reading-room. ‘The follow- 
ing experiments give the results of this trial, chiefly 
io regard to the value of the light for the purpose of 
readers. 

Two books were used that had been employed 
during the day (a clear one) for reference purposes, 
each in small print. On using these at 6 P.M., when 
the light was started, the power of reading was as 
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clear June day, indeed the letters seemed as if 


raised from the paper. But in a few seconds the 
unfortunate rose tint occurred, which converted the 
paper into an appearance as if it had been dyed by 
rose-aniline. ‘These changes were constant with few 
exceptions, ‘To determine the general effects of 
these colours the following further experiments 
were tried. One of the ordinary white blotting 
pads used in the reading-room was successively 
placed under each lamp, the light of all the rest 
being carefully ekiladed. The result was an alter- 
nation of white light and the rose tint, the south 
lamp giving the least of these disturbances, 

But when the whole of the lights were allowed to 
shine on the same pad, placed under one of them 
only, the effect of colour was very beautiful. 
Alternations of light green, olive green, rose, deep 

urple, yellow. A shadow, as from the hand, 
or & moment was deep purple, and in an in- 
stant afterwards olive green. ‘The paper in fact 
frequently could only be described as an illustration 
of a- fine aurora-borealis. On trying each of the 
lights at the apices of their triangles, precisely the 
same results occurred, the light from each other 
lamp producing, by interference or some other 
cause, complementary and primary colours on the 
pad. It may be observed that the lamps now in 
use have frosted glass, while those used in the read- 
ing-room early this year were opal-covered, similar 
to those first employed on the Embankment. They 
only gave the white and rose colours under the same 
circumstances, 

‘The ‘Trustees may be congratulated for theirattempt 
to relieve the readers of what becomes each winter a 
very serious ‘pecuniary loss to them. Frequently it 
occurs during the present season, in fact up to 
March, that the reading-room is absolutely obscured 
by fog. The successful application of the electric 
light would therefore be invaluable, But from the 
trials of last Monday it would seem almost impossible 
to use the light in its present state. Its inconstancy 
is bad, but the production of colours alternately, as 
already described, would become so wearisome to 
the eye as to make it impossible to maintain long 
reading. We believe, however, that by using 
shorter circuits, thicker conducting wires, and abso- 
lutely ~~ power, this difficulty may be got over 
completely. 

On Wednesday evening the reading-room was 
again illuminated by the electric light for the benefit 
of the readers. On this occasion the results were 
more satisfactory, the occurrence of the rose colour 
being less frequent, and the light generally more 
steady, ‘There is little doubt, by the introduction 
of afew modifications, some of which have been 
suggested above, that the new system will be of 
great'use for alleviating the constantly recurring 
appearance of daylight-darkness to which allusion 
has already been pie og 





THE NEW RUSSIAN YACHT. 

Ir has been known for some time that among 
naval circles in Russia a struggle was going on as 
to who should have the honour of designing a new 
yacht for the Czar to replace the Livadia which was 
wrecked in the Black Sea. Few, however, would 
have ventured the prediction that among tlie 
struggling rivals Admiral Popoff, after all the ob- 
loquy heaped upon him during the recent war for the 
supposed failure of the Peter the Great and the 
circular ironclads, would have been the chosen one, 
and still less would it have seemed probable that 
the new yacht would have been a development of 
the ideas which led the gallant admiral to the cir- 
cular Popoftkas. 

It is now abundantly clear that this is, however, 
the case, and that Messrs. Johu lder and Co. have 
contracted to build the new curiosity of naval archi- 
tecture, 

So much has shipbuilding developed a tendency 
to run in grooves that it is really refreshing to meet 
with anything so bold and original as the new 
Russian yacht. The prevailing conservatism is no 
doubt due in great measure to the numerous failures 
that have occurred where novel designs have been 
attempted far from the margin of the beaten track. 
And the same current of thought, the habit of 
reasoning from analogy, rather than looking at the 
real merits of the case, leads most people to predict 
failure for anything novel in naval architecture. 
This stage, however, has hardly been reached yet 
as cea the Russian yacht, for the simple reason 
that very few people believe it is a yacht at all, 





good as that which would have been obtained on a 





the most generally credited theory being that it is 
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a huge ironclad in disguise, intended for the Black| monitors. There is still a breadth of 110 ft. left| is brought into existence, and it is a curious fact 
in which to arrange the state rooms, and owing to|that all the powers of nature which are at the 


Sea, but having to dissemble until the Straits are 
passed, when she will be duly loaded with heavy 
armour and supplied with an enormous armament. 

“A floating fighting island” is the form she 
appears in to a contemporary, who drawing upon an 
active imagination describes her as ‘‘ presenting no 
side to the sea, her upper deck will be flatly curved, 
rising from the water's edge to the middle like the 
upper shell of a tortoise. She will in a word 
resemble a floating island, up whose sloping beach 
the waves will wash, rather thana ship”! And after 
giving her displacement as17,000tons, length 500 ft., 
and various other particularsequally imaginary, and 
discussing the number of 100-ton guns she is likely 
to carry, they say, ‘‘ She can proceed leisurely to any 
destination, and deal death and destruction around, 
while remaining herself practicaily uninjured. If 
used for the purposes of coast defence, she might 
take up a position, let us suppose, in the Bosphorus 
or Dardanelles, It is not easy to see how any 
existing ship could pass her if her crew thought 
proper tosay no. Unless she could be disposed of 
by torpedoes, she must remain an insurmountable 
obstacle to the passage of other craft.” 

This is rather a formidable mountain, or rather 
‘‘island,” to grow out of an emperor's pleasure 
yacht! However, our contemporary was by no 
means alone in the belief that the order secured 
from the Russian Government by Messrs, J. Elder 
and Co. was for a huge ironclad instead of a yacht. 

When the dimensions were announced in the 
Times some time back, and it became known the 
vessel was to be 230 ft. long, and 153 ft. wide, it was 
concluded that it must be an ironclad from the 
simple belief that no one would be mad enough to 
make a yacht 153 ft. wide, especially if she had to 
steam 14 or 15 knots an hour. It shows how little 
belief existed here in the strength of Admiral 
Popoff's convictions, and the courage he possesses to 
carry them through. 

The account of the vessel which appeared in the 
Times of Monday last is doubtless in the main cor- 
rect, and will remove most of the misapprehensions 
existing in connexion with her. She is said to be 
230 ft. long, and 153 ft. beam at the widest part, 
and is to draw 6ft. of water throughout the prin- 
cipal part of her =o but at the stern, where it 
is necessary to get depth of water for the screws, 
the body is carried down probably with very fine 
lines to 16 ft. draught of water. She is guaranteed 
to steam 14 knots per hour, and we believe the 
builders will receive heavy premiums for every 
tenth of a knot the vessel steams above 15 knots. 
Her displacement is given as 3920 tons, with coals 
on board for five days’ steaming, and the indicated 
horse power is estimated at 10,400. She is 
to be propelled with three screws) situated at 
the stern, one in the middle line of the 
vessel, and the other two, one on each side, 
18 ft, from the line of the centre shaft, and 2 ft, 
6 in. before the centre screw propeller. The three 
screws will be each 16 ft. in diameter, and 20 ft. 
pitch, and will be four-bladed. There will be three 
separate engines with three boilers to each, making 
nine in all, The vessel will have one rudder placed 
abaft the centre screw propeller, and there can be 
little doubt that considering the comparative short- 
ness of the vessel, the turning power will be 
quite effective. The shape of the vessel is described 
in the Zimes as a sea palace erected on the back 
of a huge steel turbot, and this is pretty much 
what it will be. The total depth of the vessel is 
said to be 46 ft., and of this 6 ft. are below 
water, but it must not be supposed that the re- 
maining depth of 40 ft. of side rises vertically out of 
the water, The greatest breadth is at the water line 
and above this the side falls in rapidly, so that at 
the middle of the length of the vessel at a height of 
12 ft, above the water, itis 21} ft. on each side within 
the breadth at the water surface. From this point 
the sides rise vertically and enclose the saloon and 
other accommodation, forming a superstructure on 
the turbot-like vessel or raft. Of course if the sides 
rose vertically from the water level there would be 
still greater deck room and space for state apart- 
ments, but the vessel would then be exposed to 
blows from the sea tending to render her uneasy, 
and to thwart one of the main objects of the de- 
signer, viz., ease and comfort at sea for the imperial 
owner. By rounding the sides in so much immedi- 
ately above water the sea is allowed to wash over 
this portion, and becomes to a considerable extent a 


steadying instead of a disturbing element, as has 


the immense breadth and stability of the vessel, 
there is no difficulty in arranging two stories of 
cabin accommodation, each having much greater 
height and roominess than is possible in a vessel de- 
signed on ordinary proportions of length to breadth. 

The lines of the vessel are said to have been de- 
cided upon after a series of experiments on paraffin 
models carried out by Dr. Tideman, of the Royal 
Dockyard, Amsterdam, in conjunction with Admiral 
Popoff, and a model in steel 23 ft. long, is being 
made by Messrs. Elder and Co., for further experi- 
ments on the Clyde, ? 

A feature worthy of notice is mentioned in con- 
nexion with the draught of water. A depth of 16 ft. 
at the stern has been deemed necessary to obtain 
efficient propulsion. This, however, would seriously 
interfere with the usefulness of the vessel in waters 
where shallows abound, and arrangements are to be 
made for letting water into the forward end of the 
ship where the draught of water is only 6 ft., so as 
to tilt her up, and thus lift the stern, In this way 
she will be able to cross the shallows at the mouth 
of the Dnieper on the way to Nicolaieff. 

The vessel will be a remarkable one in appear- 
ance, and is a huge experiment. We are by no 
means, however, among those who think it must 
be doomed to inevitable failure. That the vessel 
will be as remarkable for steadiness at sea as the 
Popoffkas we quite believe, and there can be little 
doubt that with the enormous engine power pro- 
vided, enough indeed to propel a huge ironclad of 
three times her weight at 14 knots, the guaranteed 
speed will be obtained. The great inclination 
which it is necessary to give the screw shafts is an 
objection which, however, is compensated for to a 
large extent by the solid undisturbed water in which 
the propellers will work. There will be risk of ex- 
cessive vibration when the vessel is at full speed, 
and of the vessel altering trim, and the speed 
would probably fall off rapidly in a heavy sea. 
The first of these can be provided against, by 
structural arrangements, the second will depend on 
the position of the engines, and the third objection is 
of less importance in an imperial yacht than it would 
be in an Atlantic liner. The completion of the 
vessel will be awaited with interest by all con- 
cerned in naval architecture, and many curious 
points will doubtless arise, especially in the matter 
of screw es gee and there can be little doubt 
that the whole of the skill and resources at the dis- 
posal of the largest private shipbuilding establish- 
ment in this country will be concentrated with a 
view to rendering the new Livadia as successful as 
she is novel. 








LIGHTING BY ELECTRICITY.—No. V. 
WE have in former articles described the Gramme* 
and the Siemenst systems of electric illumination 
respectively, and have in our last article illustrated 
the apparatus employed by M. Lontin in the system 
of electric lighting, which bears his name.t Before 
ing on to other of the systems at present in use 
or generating or utilising electric currents for pur- 
poses of artificial illumination, it may be well to 
refer to the various sources of motive power em- 
ployed for setting the generating machines in mo- 
tion, and to describe some of the special mechanical 
motors by which those sources of power are made 
to do the work of forcing induction circuits or coils 
through powerful magnetic fields, which action is 
the one general modus operandi of all dynamo-electric 
or magneto-electric generators. 
The various dynamical powers of nature, such as 
solar heat, gravitation, planetary motion, muscular 
energy, and gaseous activity, may all, either singly 
or combined, be utilised for the production of me- 
chanical motion, by which all mechanical operations 
may be performed, and may, therefore, be employed 
for the production of the electric light. Of these, 
the first, gravitation may be divided into terrestrial 
and extra-terrestrial gravitation, and planetary mo- 
tion may be similarly divided. Muscular energy may 
be separated into manual labour and animal power, 
and under the. head of gaseous activity may be 
classed the active principle in all forms of heat 
engines as well as the power of the wind. By a com- 
bination of solar heat and gravitation, water power is 
developed, and by combining both kinds of gravi- 
tion with planetary motion, the power of the tides 





* See ENGINEERING, page 63 ante. 


present moment utilised for the production of me- 
chanical motion may be traced for a considerable por- 
tion of their origin directly or indirectly to the sun. 
The power of the oceanic tide might be looked 
upon as an exception, inasmuch as tidal phenomena 
must be attributed chiefly to the gravitation of the 
moon combined with the axial rotation of the earth 
and the orbital motion of her satellite, but it must 
not be forgotten that the great difference between 
high range of tide and low, is almost exclusively due 
to the sun, for the question whether tides are neap 
or spring is determined by the question whether the 
gravitation of the sun is opposed to or in conjunc- 
tion with that of the moon. 

With the exception of tidal power all the available 
powers of nature may be looked upon as species of 
fuel, which may be traced back for its origin to solar 
energy. ‘The power of the wind by which grinding 
and pumping operations are performed, and by which 
millions of tons are transported across the ocean 
from one part of the earth’s surface to another, is 
the direct result of solar heat and planetary motion. 
Again, water power, by which an elevated lake be- 
comes a source of potential energy and by which 
streams and waterfalls may be made to perform 
gigantic operations, is directly attributable to solar 
evaporation lifting the water from the ocean, solar 
heat producing the winds transporting that water 
over the land, and terrestrial gravitation returning 
it to the ocean again, doing work in its path. A 
water-mill may in this sense be compared to a clock 
driven by a descending weight which is wound up 
by the sun. Muscular energy is not so directly 
traceable to solar activity, but that it is derived 
from the sun admits of but very little doubt. The 
food absorbed by the animal system is fuel, which, 
after being manipulated in the physiological pro- — 
cesses of digestion and circulation, is oxidised or 
burnt in the process of respiration, whereby oxygen 
is introduced into the lungs, which may be looked 
— as a slow combustion furnace producing heat 
which is convertible into muscular energy. The 
food by which the combustion in the lungs is kept 
up, has stored up in it solar energy, the effect of 
solar radiation pouring upon vegetation in bygone 
times, which vegetation is directly converted into 
fuel in plant-eating animals, and indirectly into 
combustible material in flesh-feeding animals, 
through the intermediate conversion of the digestive 
system of the animals on which they feed. 

All heat engines depend for their action on the 
production of gaseous activity, or pressure, by the 
action of heat, and whether their source of energy 
be derived from the vaporisation of water and 
other volatile substances in a closed chamber, as in 
the case of the steam engine, ether engines, &c., 
from the expansion of air, as in a hot air or caloric 
motor, from the rapid oxidation or sudden combi- 
nation of the constituents of explosive mixtures, as 
in gas and petroleum engines, as well as the still 
more sudden effects of the explosion of gunpowder, 
gun-cotton, dynamite, and similar substances, solar 
radiation may be accountable in the original instance 
for the energy produced. Instances of the direct 
conversion of solar radiation intv mechanical power 
may be cited in Mr. Ericsecn’s solar engine, (des- 
cribed in our eleventh volume) and in the steam 
umping engine of M. Mouchot, which was ex- 
ibited in operation in the grounds of the Paris 
Exhibition, the boiler of which was heated by solar 
heat, concentrated upon it by an enormous silvered 
reflector of conical form. 

The motive powers which have upto the present time 
been employed for driving dynamo-electric machines 
are animal power, utilised in hand gear and horse- 
wheels, water power applied through turbines and 
water-wheels, and heat motors such as steam engines, 
gas engines, petroleum engines, and hot air engines. 
We have not yet heard of the application of either 
tidal energy or the power of the wind for this pur- 
pose, but either might be applied with advantage in 
special situations, ‘There are at the present moment 
several instances of electric illumination where the 
motive power is derived from a waterfall at a dis- 
tance, as well as cases where the machines are driven 
by horse-wheels. Hot air engines are employed at 
the Lizard Lighthouses for driving the Siemens ma- 
chines at that magnificent electrical station, the 
special form employed being that known as Browne's 
caloric engine. Petroleum engines are used in 
America for driving electric lighting tus, and 
Dr. Draper, whose name will ever be famous for his 
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repeatedly been proved in the case of low freeboard 
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discovery of the presence of oxygen in the sun, em- 
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ployed one of Brayton’s petroleum motors, an early 
form of which we figured and described nearly three 
years ago,* for driving his Gramme machine, and he 
found that he could obtain with it a speed uniform 
to 1 per cent. of the number of revolutions. 

By far the largest proportion of dynamo-electric 
machines which are at the present moment applied to 
electric illumination are driven either by steam en- 
gines or by gas engines, and the extension of the 
electric light has given an enormous impulse to the 
manufacture of the latter motors. Gas engines 
are especially well adapted for this kind of work 
on account of their being able to be started at a 
moment’s notice and stopped as quickly, thereby 
avoiding the expense of time and fuel necessitated 
by the getting up of steam in ordinary steam 
boilers, In cases where a light may be wanted 
suddenly, and at odd times, or only for short 
intervals, there is no motor so convenient as a gas 
engine, and a very large number of lighting machines 
are driven by the very beautiful ‘‘ Otto silent” gas 
engine of Messrs. Crossley Brothers, which has been 
described in these columns,t and a gas engine, the 

* See ENGINEERING, vol. xxiii., page 124. 
+ See EncinzxR1nG, vol. xxvii., page 565. 








Fig. 1. 


invention of Mr. Dugald Clerk, has lately been in- 
troduced by Messrs, Thomson, Steruve, and Co., 
which gives the most promising results.* 

Of steam engines, agricultural portable engines 
are generally employed for temporary work, such as 
the carrying on of public works, building operations, 
&c., by night or for any special illumination, lasting 
only a comparatively short time. We lately de- 
scribed in these columns} a very convenient form of 
apparatus for such work designed by Mr. R. E. 
Crompton, in which a portable engine is combined 
with a tumbril upon which is fixed two Gramme 
machines with conducting cables, switches, and all 
the necessary accessory apparatus. For permanent 
stations, however, fixed steam engines are employed, 
of which any type is applicable, provided it is regular 
in its speed and steady in its action. 

One of the most convenient forms of motor for 
dynamo-electric work is the well-known three cy- 
linder engine of Mr. Peter Brotherhood, which has 
in its various forms and improvements been de- 
scribed in this journal, afd which, as our readers 





* See ENGINEERING, vol. xxvii., page 580. 
+ See ENGINEERING, vol. xxvii., page 364. 
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are aware, consists generally of three steam cylinders 
arranged radially around a framing at equal angular 
distances apart, their axes converging in a point; 
within the central space around this point revolves 
acrank axle, which is kept in rotation by the suc- 
cessive impulses of the three pistons which are con- 
nected to its crank-pin by connecting-rods, the heads 
of which are provided with brasses bearing against 
it; sad a circular distributing valve revolving with 
tke shaft regulates the admission of steam to each 
cylinder in succession, and determines the position of 
the cut-off, and, therefore the period duriag which 
each cylinder is being worked by the expansive force 
of its imprisoned steam. 

Mr. Brotherhood’s three-cylinder engine is too 
familiar to the readers of this journal for it to be 
necessary for us to describe it more fully, the above 
general description of its principle being sufficient to 
remind our readers of the general type of engine to 
which we refer. 

Since, however, the description of Mr. Brother- 
hood’s engine anes, he has very considerably 
improved it, and for the purpose of driving dynamo- 
electric light machines we know of no steam engine 
which can excel it in compactness, steadiness, and 
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uniformity of speed, which last is the all-important 
requirement in a motor for lighting purposes, The 
compactness and steadiness of this engine are due to 
the symmetrical arrangements of the driving around 
the driven parts, the three pistons acting on the 
crank, in three different directions, symmetri- 
cally disposed with respect to it, and its uniformity 
of speed is partly due to this construction, and 

y to a very beautiful governor—also the design 
of Mr. Brotherhood—which, by actuating a regulat- 
ing steam admission valve keeps the engine running 
with extraordinary regularity of speed. 

The illustrations which accompany this article 
represent two applications of the three-cylinder en- 
gine for driving dynamo-electric machines ; the first 
shown in Fig. 1 is a combined engine and Gramme 
machine; and the second, figured in Fig. 2, represents 
a Brotherhood engine driving two Siemens’ machines, 
which are fixed on to brackets bolted to the founda- 
tion casting, one at each end of the main shaft, so 
that the engine is between the two. 

Referring to Fig. 1, which is taken from the large 
apparatus exhibited by Mr, Brotherhood at the 
Albert Hall Exhibition of Apparatus connected with 
the Electric Illumination, and which was represented 
at the Paris Exhibition by a similar but rather 
smaller apparatus, it will be seen that the engine 
shaft and armature spindle of the Gramme machine 
lie in the same axis, and are coupled direct to one 
another, thus avoiding the use of belting and gear- 
ing with all their accompanying inconveniences, It 
is this form of apparatus which is supplied by Messrs. 
Sautter, Limonnier et Cie, for naval and military 
purposes, and a smaller apparatus of very similar 
design is employed on some of the French Trans- 
atlantic steamers, where they have been attended 
with very successful results, The apparatus shown 
in Fig. 1 is one of four constructed for the British 
Government for use by the Royal Engineers in 
torpedo work, and for offensive and defensive opera- 
tions against hostile forces afloat, and it was in this 
way used in the operations which took place last week 
at Fort Moncton, and in which the naval attacking 
party were decided to have been defeated. The cur- 
rent generated by the machine, which is that known 
as the D size Gramme, was utilised in a Serrin lamp 

laced in the form of one of Colonel Mangin’s pro- 
ectors 90 centimetres in diameter, constructed by 
om Sautter, Limonnier et Cie. The machine 
absorbs about 13 horse power, running at 500 revo- 
lutions per minute, when it produces a light of 
43,000 normal sperm candles. e consumption of 
steam, which is worked at 801b. on the square inch, 
is 41.1 lb, per indicated horse power per hour, and 
the weight of the whole apparatus is under two tons, 
being only 38 cwt., of which the Gramme machine 
alone represents one ton, 

Fig. 2 represents the apparatus as originally con- 
structed for producing the electric light on Messrs. 
Siemens Brothers’ cable ship Faraday, which con- 
sisted of a Brotherhood engine having coupled to 
each end of its revolving shaft a small size Siemens 
machine, each — of producing a light of 1200 
candle power. In this engine the three cylinders 
are bored out of one solid mass of cast iron, forming 
the principal framing of the engine. By this means 
great accuracy of centring in the cylinder is insured, 
and the steadiness of working of the engine is im- 
proved, This ——— has since been altered for 
the generation of alternate currents by the Siemens 
roultiple current machine. For this purpose one of 
the Siemens machines, shown in the figure, was re- 
moved and was replaced by an alternate current 
machine, the other being left in its place for the 
p of exciting the magnets of the multiple circuit 
machine, and as the speed of the engine was reduced 
from 950 to 550 revolutions per minute to suit the 
requirements of the latter machine, the current from 
the exciting machine driven at the slower speed was 
equal to that produced by the ordinary smaller 
Siemens exciter driven ata higher speed. We be- 
lieve that the arrangement has\ given very satis- 
factory results, and we shall hope to refer to it 

in on a future occasion. 

Similar anpeseies to that shown in Fig. 2, but of 
larger size, has been supplied to Her Majesty's 
Government, eight of which are in use by the Royal 
Engineers, and one is fitted to H.M.S. Repulse. In 
these machines a Brotherhood engine of about 
eight horse power is fixed, as shown in the drawing, 
between two medium-size Siemens’ dynamo-electric 
generators, each producing a light of 3600 candles or 
au aggregate illumination of 7200 candles. 

From its exceptional applicability as a motive 
power to dynamo-electric illumination we cannot 








but think that the Brotherhood engine will play; 


an important part in the future development of the 
application of electricity to artificial illumination, 
and we understand that Mr. Brotherhood has in 
progress some very interesting arrangements whereby 
a central engine can drive two machines at different 
speeds to oneanother, and if necessary at different 
speeds to itself ; but as the details of these arrange- 
ments are not yet completed we must postpone to 
another occasion referring to them. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-fron Market.—The market was much de- 
ge at the opening last Thursday, with sales done at 
7s. fourteen days and cash, rapidly improving to 57s. 9d. 
cash paid, but gradually returning to 57s. cash accepted. 
The afternoon market was steady at 57s. to 56s. 10}d. 
fourteen days, and 56s. 9d. cash accepted, closing firm with 
buyers at 56s. 10d. cash, and sellers near. Business was 
done on Friday forenoon at 57s. to 56s. 9d. cash, closing 
sellers at 57s. 9d. cash, and buyers at 57s. 6d. There were 
transactions in the afternoon at 58s. down to 56s. 9d. cash 
and fourteen days, buyers at the close offering 57s. eight 
days, and sellers asking 57s. prompt cash. The warrant 
market was again in a very uncertain state, in fact, prices 
were going up and down in such a way as to render it im- 
possible for any person to form the faintest idea as to when 
prices might settle down to answer the legitimate demands 
of trade. A considerable amount of excitement was evident 
during the market hours on Monday. Prices went back 
with a bound, 54s. being accepted after official hours, being 
a fall of 4s. from the top quotation of Friday. The decline 
was largely due to the fact that the Gartsherrie and 
Eglinton brands were reduced in price 5s. and 6s. per ton 
respectively. In the forenoon business was done at 56s. 6d. 
down to 55s. 3d. cash, and at the close there were buyers 
at 55s. 3d. cash and 55s. 9d. one month, sellers asking 3d. 
more per ton. Iron changed hands in the afternoon at 
55s. 3d. down to 53s. 10$d. cash, closing buyers 54s. 1id. 
cash and 54s. 4}d. ten days, sellers asking 3d. more. Even 
more excitement exis in the market yesterday, and 
prices went down during the forenoon to the extent of 1s. 14d. 
under Monday’s lowest, and touched a figure 15s. 3d. under 
the highest price paid rather more than a fortnight ago. 
Buyers then came in, and speculators following, prices re- 
covered 1s. 3d. up till the official close, and 1s. further 
after hours. Sellers were numerous in the forenoon, and 
business opened at 54s. 1}d., and had a gradual drop to 
52s. 9d. cash, and from 54s. 6d. to 53s. ld. one month, 
closing sellers 53s. cash, and 53s. 44d. one month. In the 
afternoon shipments were repo large, and a good deal 
of buying took place, which sent prices up from 53s. to 54s. 
cash, and the official close was buyers at 54s. and sellers 
at 54s. 3d. After-hours speculation was extensive, and 
rices touched 55s. 3d., and closed with buyers at 55s. cash, 

| one 10}d. over Monday’s close. The warrant market opened 
very strong this forenoon at 55s. 3d. cash, quickly advanc- 
ing to 56s. 7}d. fourteen days, thereafter receding to 
54s. 3d. cash, and closing sellers at the latter, and buyers 
offering the same price ten days to pe . The market was 
likewise strong in the afternoon, and business was done at 
from 55s. to 55s. 3d. cash, sellers at the close asking 55s. 6d. 





one month. Owing to the rapid advance in the price of | ; 


warrants and the subsequent fall, which began about a 
fortnight ago, seem to have had the effect of causing a lull 
in the demand from America for Scotch pig iron ; but from 
recent advices it is concluded that the lull will only be of a 
temporary character. It is certain that a e amount of 
pig iron has been bought for shipment to the United States 
which is being rapidly forwarded to its destination, an 

will take some time to get absorbed into consumption. 
Still, there is a great demand for manufactured iron, as 
also old materials, rails, and iron ore. There are satis- 
factory reports in regard to home trade, as they show a 
somewhat healthy condition of things. Very little pressure 
is being exerted in the meantime by the consumers of pig 
iron who, having bought freely when prices were advanc- 
ing, have still considerable stocks to work off. There is 
rather a better demand from the Continent. Five addi- 
tional blast furnaces have recently been blown in, thus 
bringing up the number in actual operation to 89 as 
against 92 at the same time last year. Last week’s ship- 
ments of pig iron from all Scotch ports amounted to 
23,323 tons, as compared with 9994 in the corresponding 
week of last year. The increase for the year now amounts 
to 121,651 tons. An immense quantity of pig iron is still 
going into the public warrant stores, the total stock with 
Messrs. Connal and Co. up till last Friday night being 
339,665 tons, or an increase for the week of 11,406 tons. 


Public Sale of Pig Iron.—In the Royal Exchange sale- 
rooms yesterday forenoon, Messrs. Robert M‘Tear and Co. 
sold by auction 300 tons of No. 1 Gartsherrie pig iron at 
58s. 6d., and 300 tons No. 1 Eglinton at 54s. Though 
rather less than the makers’ official quotations, these rates 
may, perhaps, be taken as indicating that the panic which 
has led holders of warrants to sell has forced down the 
quotations of warrants to a lower figure than is warranted 
by the actual present state of the trade. There was a 
pretty large attendance of iron brokers at the sale, and, 
no doubt,'the sale was the result of the recent indiscriminate 
speculation. 


Manufactured Iron.—There is a steadily improving de- 
mand for manufactured iron, and though slow it is of a 
nature that will hold, which is all the more satisfactory. 


Garvel Dock Works, Greenock.—At the last meeting of 
the Greenock Harbow® Trust a proposal was brought for- 
ward for the deepening of the tidal harbour from 18 ft. to 
25 ft.; and a report by Mr. Kinipple, the harbour en- 
gineer, showed that the cost would be about 12,0001. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.— Yesterday there was a 
good attendance on ’Change at Middlesbrough, but the 
amount of business transacted was small. Messrs. 
Connal and Co., the warrant storekeepers, had in stock 
84,000 tons of Cleveland iron in their warrant store at 
Middles h, and 342,264 tons in stock at Glasgow. At 
the former they are receiving iron at the rate of about 
500 tons per day, and at the latter place they are taking in 
about 1300 tons daily. Small merchants who bought on 
the rise are so much alarmed that they are offering Cleve- 
land pigs as low as 40s., in order that they may mect 
their ements. Makers are more hopeful than ever 
that a really steady trade will be done next year, and are 
now quoting 45s. per ton No. 3. The advices from 
America are most satisfactory still. 


The Finished Iron Trade.—There are signs of improve- 
ment in the finished iron trade, and inquiries are more 
numerous. 


The Linthorpe Iron Works.—To-day (Wednesday) Mr. 
Edward Williams, of Middlesbrough, the president of the 
Iron and Steel Institute, has purchased the Linthorpe Iron 
Works, Middlesbrough. These works, which were built by 
Messrs. Lloyd and ‘Co. (now in liquidation), consist of six 
blast furnaces and all the appliances for carrying on a large 
trade in pig iron. The furnaces have not been working for 
some time ; they will be put into thorough repair, and will 
be started without delay. The fact that a man of Mr. 
Williams’s experience has purchased the Linthorpe Works is 
— the strongest proof there can be that the early 

uture of Middlesbrough will be prosperous. 


The Blast Furnacemen.—The pig-iron makers of the 
North of England have submitted a sliding scale to their 
blast furnacemen, and it is expected that although the men 
asked for an advance of 10 to 15 per cent., the question 
will be speedily and satisfactorily arranged. 

Engineering and Shipbuilding.—Engineering is in a 
better condition, and orders for bri ork is coming to 
hand. The shipbuilders on the Tees are still on strike 
against proposed reduction of wages. There is very little 
work on hand. 


NOTES FROM THE SOUTH-WEST. 

South Wales Coal and Iron.—The coal and iron ship- 
ments from nearly all the South Wales coal ports are 
again large, but still not much above the average. The 
coal shipments from Cardiff last month to foreign ports 
reached 341,719 tons ; from Newport the foreign coal ship- 
ments were 65,405 tons ; from Swansea, 53,675 tons; and 
from Llanelly, 4754 tons. For September, 1878, the 
foreign coal shipments were: Cardiff, 332,604 tons ; New- 
port, 71,647 tons ; Swansea, 48,711 tons; and Llanelly, 
4838 tons. The coastwise shipments last month were: 
Cardiff, 69,671 tons; Newport, 83,473 tons; Swansea, 
44,437 tons; Llanelly, 9276 tons. The iron shipments from 
Cardiff last month were 12,376 tons, of which New York took 
over 4000 tons, and Montreal 3300 tons ; Newport shipped 
8758 tons, of which New York took 4100 tons, and Balti- 
more 2000 tons, while for several years the United States 
and Canada have taken but s quantities of iron from 
ees. especially from the South Wales ports. Cardiff, 
in ugast, ome | nearly 14,000 tons of iron, and these, 
with September shipments, are the largest returns made 
for several years. 

The Severn Tunnel.—The Portskewet boring was flooded 
on Friday, and the works have been suspended for the pre- 
sent. The flood rose about 150 ft. in the Portskewet shaft. 

Cardif.—The general trade of this port has been 
scarcely so brisk. The coal exports of last week presented 
a decrease of 27,616 tons as compared witb the previous 
week : there was also a falling off of 3250 tons in the exports 
of patent fuel. On the other hand, the exports of iron in- 
creased 334 tons. 


NOTES FROM SOUTH YORKSHIRE. 
: SHEFFIELD, Wednesday. 

A Comprehensive Water Scheme.—Land and water rights 
have been purchased from his Grace the Duke of Rutland 
in order that an abundant water supply may be given to the 
inhabitants of the northern division of the Chesterfield 
Union, and also the towns of Dronfield and Eckington. 
The plans drawn up by Mr. E. Frith, C.E., Carlton House, 
Chatsworth, have been pronounced faultless by the Local 
Government Board. The great reserve is the Ramsley Re- 
servoir, on the moors near Baslow, at an elevation of about 
400 ft. over the district to be —— This reservoir is 
expected to contain an available reserve of 15,000,000 
gules. 

The Purday Safety Lamp.—Mr. Philips in explaining 
this lamp before the members of the Derbyshire Society of 
Engineers at their last meeting, said that since the days 
when the ‘‘ Geordie” and the ‘* Davy” lamps were invented, 
no less than 6400 patents had been taken out for improve- 
ments in safety lamps. The Purday lamp is the invention 
of a deputy underviewer of the Eastwood Colliery. The 
light passes through a thick glass cylinder, the gauze being 
protected by a cylinder of brass. he lamp is locked by a 
spring catch which can — be unfastened by an apparatus, 
of which an air-pump is the principal feature, and which 
would be too bulky to be carried into the pit without de- 














tection. The advantages claimed for the invention are 
that it gives a good light; that the gauze bei es 
iow from 


there is no danger of its being “damaged by a 
a pick or by falling material ; eave is there danger of the 
flame being sucked or drawn through the gauze. No key 
is required to the lock, and it is unpickable. It is further 
claimed that the lamp is instantaneously extinguished by 
the presence of a dangerous quantity of gas. 
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IRON AND STEEL AT HIGH 

TEMPERATURES. 

On some Physical Changes occurring in Iron and Steel at 
High atures.* 

By THOMAS WRIGHTSON. 
(Concluded from page 311.) 
Part Ill.—On the Changes of Volume in Cast Iron when 
pasging from the Solid to the Liquid State. 

In making experiments upon the change of volume in 
wrought iron produced by repeated heatings and coolings, 
the writer’s attention has been drawn to the changes oc- 
curring in cast iron when passing from the solid to the 
molten conditien. 
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the molten iron hy mates of a bentiron fork, the ball rest- 
ew on the two prongs of the same. 
every case the ball went down with the fork, rested 
—— the metal for a few seconds, and then rose to the 
surface. 
From the immersion to the reappearance of the different 
balls the intervals of time were as follows : 














Diameter of : First Second 
Ball. Weight. Experiment. | Experiment. 
in. Ib. oz. seconds. | seconds. 
1 0 2 5 3 
2 1h 25 failure 
3 3 10 20 15 
4 ee 6 15 
5 16 14 5 10 











To account for the difference of time in the same sized 
balls in the two experiments, we must remember that the 
difference between the specific gravity of the cold metal 
and that of the molten metal is only small, and this small 
difference, no doubt, varies with the conditions under which 
the metal balls are cast and cooled, as also with the quality 
and temperature of the molten iron in which it floats. 
Again, the time of flotation for different sized balls must 
depend upon the proportion existing between the surface 
in contact with the hot metal and the whole volume of the 
sphere ; in the small balls the heat is conducted to the 
centre so rapidly that the specific gravity of the entire mass 
is ina few seconds brought to the floating point; but in 
the larger balls the flotation takes place long before it is 
entirely heated to the centre. The outside surface expand- 
ing only to a small degree, affects the volume of the ball 
more in proportion as its diameter is larger (the surface of 
the sphere varying as the square, and the volume as 
the cube of the diameter). Hence five or six seconds of 
heat on a 4in. or 5in. ball may expand the volume to the 
floating point, while a 2in. or 3in. ball may require a 
longer time to produce the same result. 

If the ball be now left in the liquid metal, it will be 


noticed that it gradually rises to a considerable distance ' 


above the surface, until it begins to melt, when it very 





By eattzing oat this plan the writer obtained an exact 
—— the alteration in volume taking place in the 

= hidden from sight below the surface of the 
metal. 

Immediately the ball was immersed and held 2 in. below 
the surface, an assistant called out intervals of seconds, 
while the writer marked on the paper round the dial-plate 
the corresponding positions as the movement of the pointer 
took eae. After obtaining indications of various sizes of 
— = rye were laid down graphically. (Seediagram, 

igs. ‘ , 

The horizontal base line A B in each figure represents 
the position of equilibrium, where there is no tendency 
either to sink or float. Along this line are measured the 
intervals of time, the scale being #; in. to a second ; the 
vertical ordinates, laid down to a scale of in. to the ounce, 
represent the sinking or floating effect, as the case may be, 
the former extending below and the latter above the 
line of equilibrium.* It will be seen by the diagrams 
that for a few seconds in every case there is a sinkin; 
effect; this rapidly passes the line of equilibrium, int 
becomes a floating effect, which gradi rises until 
the maximum volume of the ball is attained. Soon after 
this the ball begins to melt; and as it decreases in size, 
the index returns tothe point indicating the weight of the 
rod alone, with its connexions to the ball, which point corre- 
sponds with the position of equilibrium, although the move- 
ment downwards from the commencement of the melting 
can only be taken as evidence of the speed of the melting, 
the vertical ordinates being useless after that point to infer 
~~ knowledge of the — gravity as the volume of the 

lis being reduced. In these diagrams we thus have a 
complete record of the changes in volume from the cold 
solid to the commencement of the molten state. 

Now it may reasonably be assumed that the diagrams, 
read backwards, should furnish us with a representation of 
we takes place in passing from the liquid to the solid 
state. 

The correctness of this assumption is strongly confirmed 
by the known behaviour of iron Gistiags in pms’ Hey 
_ The mould is generally made about 1 per cent. in its 
lineal dimensions larger than the casting is required to be 
when cool. The metal, being poured in, has always been 
supposed to expand ; hence the sharpness of the sand im- 


quickly subsides, forming part of the molten mass. This | pressions on the surface. This expansion finds expression 


rising is due to the continued expansion of the ball. 

In order to exhibit these remarkable changes in volume 
in passing from the solid to the a state, it oceurred to 
the writer that an instrument ( 


igs. 22 and 23) might be | some minutes after the iron has 


in the sudden red on me Say wen side ¢ the . 
» in carefully observing the coo & cas it 

wit be noticed that a considerable eH pe wo ; 

partially set ; this is best 


constructed which would register the successive changes | seen by watching the “git,” or place where the metal is 


of volume on the following principle : 


poured into the moulds. A few minutes after the “ git’’ is 


A spring balance with circular dial-plate was suspended ! closed and congealed, there is a sudden breaking open of 
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of wrought iron, and may be roughly i paw kT, 





by 
watching the behaviour of a piece of solid cast iron 
when put into a ladle of molten iron. 

It is a currently accepted fact that cold cast iron 
floats - —_ iron, _* much —— ——- 
account for the apparently extraordinary anomaly 4 
that cast iron, which has in cooling contrac : 
lineally in every dimension about 1 cent. from 
- ones ee of the es mere was cast, 
should, with a presuma! igher specific gravity 
than the molten metal, a. the same. After 
investigating this subject, the writer has come to the con- 
clusion that it is an error of observation to suppose that 
any such anomaly occurs. i 

The ordinary way in which the experiment is made is 
to take a small piece of cold iron and throw it into the 
ladle. It first sinks, and then rises with buoyancy to the 
surface. The assumption in the mind of the observer is 
that the — effect is only due to the velocity with 
which the piece falls into the metal, and that as soon as it 
loses this velocity it comes up to the surface, as any su 
stance a little lighter than water would do if thrown into a 
vessel filled with that liquid. 

The ee is ao the — oat to of = 
specific gravi e mo iron ct bei lost 
sight of that x Ae ve the time the iron disappears below the 
surface it is heated by the molten iron, causing an  ex- 
— sufficient to diminish its density to the floating’ 
point. 

In experimenting with pieces of various sizes, the writer 
has observed that the time required for each to rise varied 
considerably, and to make the experiment properly, he had 
spheres of iron cast lin., 2 in., 3in., 4in., 5in. in dia- 
meter. These, when cold, were lowered (not thrown) into 


* Paper read before the Iron and Steel Institute at the 
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molten iron. A rigid rod of wrought iron weighing 2 lb. or 
3lb. was fastened to the moving slide of the spring balance 
and to the end of this rod was attached the cast-iron ball 
to be experimented upon. Before fixing the ball, the posi- 


on a wooden ianing immediately above a large vessel of 


tion of the index of the balance was marked in pencil on a 
sheet of paper surrounding but not covering the circular 
face of the dial. The ball then being attached, another 


pencil mark farther round the dial indicated the whole 


b- | weight of the ball and rod, and one indication subtracted 


from the other represented the actual weight of the ball. 

Now if the specific gravity of the cold were exactly 
the same as that of the hot metal, there would be no ten- 
dency when the ball was lowered into the metal either to 
sink or swim, and in that case the pointer would travel 
back exactly to the mark showing the weight of the rod 
alone. Ifthe ball were of higher specific gravity, there 
would be a sinking effect which would prevent the pointer 
arriving at this mark, the space it fell short representing 
this sinking effect. As the ball expanded in volume it 
would di more metal, producing an upward flotation 
equal to the difference between the weight of the ball and 
the weight of the fluid metal displaced, and which, so long 
as the ball is of the same weight, and is not allowed to rise 
to the surface, could be read off in ounces on the dial-plate 
while the operation proceeded. 









the same, and a sponging out of the hot liquid metal from 
the interior, as thoug’ e internal part had suffered a 
sudden squeeze. This flow of hot metal is sometimes con- 
siderable, although sometimes so small as not to be notice- 
able; the degree, no doubt, being dependent upon the form 
and other conditions of the casting. This phenomenon the 
writer identifies with the somewhat sudden fall on the ex- 
treme left of the diagrams pe pape Bs the crossing of the 
line of equilibrium, and which is bly at the time when 
the bulk of the metal is passing from the plastic to the solid 
condition. 

This property of sudden contraction in solidifying 
appears to the writer to be of great importance in the 
strength of iron castings, as if the outer skin did not con- 
tract immediately the plastic interior solidified, the gradual 
contraction of the interior leaving the outer skin must 
cause & ity much greater than now exists in castings, 


and which w be vi pe ee to their strength. The 
sudden contraction of the outer skin compresses the interior 
and renders the casting of ordinary thickness compact in 


' * The position of this line has been adjusted to allow a 
correction for the weight of the small piece of iron, which, 
though attached to the ball, could not be entirely immersed, 
and hence, to the extent of from 14 0z. to 24 oz., adds to 
the sinking or deducts from the floating effect. 
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its texture, and the evidence of this is Ss seen in 
the forcing back into the “‘ git’’ of someof the more liquid 
interior just at the time of solidification. 

The Table subjoined shows the maximum variations of 
sinking or floating power in percentages of the actual 
weight of the balls : 
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From the above it will be seen that the volume of the 


ball in the first experiment varies from 3.4 per cent. below, 
to 12.8 per cent. above the volume of equilibrium, being a 
total change between the extremes of 16.2 cent. ; this 


is the highest result. For the lowest it will be found that 
the 44 in. ball (fourth experiment) has a variation of 7.5 

r cent. above, and 1.2 per cent. below the line of equili- 

rium, or a total variation of 8.7 per cent. 

While, therefore, we is@ @ very reen 
increase in the volame of the iron from the cold to the 
melting state in all the cases given, we also recognise that 
with different balls there is a considerable variation in the 
results ; this, as in the case of the varying time noticed in 
the floating of the spheres in the first experiments de- 
scribed, must be attributed to variations in the density of 
the balls, and to the conditions of the metal in which they 


"The application of » revolving eylinder’actuated hy clock 
application of a revolving cylinder actua y clock- 
work, x penell atttpabedl te ee inden moving in a vertical 
straight line (instead of a circle) on the spring balarce, 
was an obvious means the apparatus for pro- 
cing these curves of volume automatic. The author has 


he cylinder is 5 in. 
clockwork at two 
used ng to the size 


pa- near 


the variation in weight. The first operation is to hang a 
rod on the balance with a piece of wrought iron at the end, 
which is an exact facsimile of the shank of wrought iron 
fixed in each ball, and which will eventually protrude above 
the molten iron when the ball is submerged. This weight 
brings down the spring-balance to indicate from 1 1b. to 
2lb. The cylinder is then thrown out of gear and moved 
round the pencil, making a straight zero line, which repre- 
sents the position when the cold and molten iron have the 
same specific gravity. Thesmall piece of iron representin; 
the upper part of the shank is then removed, and the actu 
ball put in place. This ball has been accurately weighted 
before, and its specific gravity also taken. Putting 
it in the spring-balance brings the index down below 
the equilibrium line. The is now lowered into the 
mae, the clockwork having been previously put into 
action. 


is registered in the form of a curve, which is seen on the 
various indicator diagrams now exbibited. In these it will 
be noticed that the same c of curve is exhi- 
bited, and a similar —— of sinking and floating 
effect, as shown in the rougher experiments on the 
wall diagrams. The author draws attention to the 
fact, that if the sinking effect, as shown by the dis- 
tance the line of volume is below the line of equilibrium, 
can be obtained rapidly and accurately, the actual specific 
gravity of the molten metal can be inferred if we know 
the exact specific vity of the ball under experiment. 
The difficulty is in lowering the ball into the metal to per- 
3 _ operation with sufficient steadiness and quickness 
combined. 





FOREIGN AND COLONIAL NOTES. 

South African Railways.—There is a prospect of the 
East London and Queen’s Town Railway being completed 
by the Ist of May next. During June, 2178 men were 
employed on the works, and the expenditure on construc- 
tion in the course of that month was 25,6851. An embank- 
ment at Toise river is p ing as rapidly as a scarcity 
of native labour will allow, and tbe masonry of a bridge is 
completed. The iron girders are on the spot. Some bridges 

over the Thomas river are also in course of completion. 
Gas in Sydney.—The Sydney Gaslight Company have 
just completed a large gasometer, in the vicinity of the 
Ha t. The works in connexion with it have been 
three years on have involved an ex- 
ya of 80) ing like 33,0001., the tank costing about 
,000¢., and the holders 11,0001. The were designed 
by the late engineer for the company, . Stephen, who 
superintended the works during his connexion with the 








has a metallic oe, 


surrounding the 


i 


company ; and since then they have been carried on under 


The combined motion of the cylinder and the spring index | &&' 


the direction of the present engineer, Mr.T. J.Bush. The 
tank, built of solid masonry, which contains the holders, is 
105 ft. 6 in. in diameter, and 36 ft. deep. The outer gas- 
holder is 108 ft. 6 in. by 36 ft. The water in the tank to 
ae mee the leakage of gas amounts to 1,500,000 gallons. 
he tank was designed by Messrs. Mansfield Brothers, and 
Mr. Wallace was the contractor for it; the holder was 
made in England by Messrs. Westwood and Wright, and 
Mr. C. Lewis, of the London Iron Works, Philip-street, 
Sydney, contraeted for its construction as well as for the 
iron framework, the columns of which are about 80 ft. in 
height. The holder, when filled, will contain 580,000 cubic 
feet of gas. That the new gasometer was needed is proved 
by the increasing demand made upon the works, where at 
present about 1,000,000 ft. of gas are manufactured daily. 


A Bold South Australian Railway.—A railway re- 

ty undertaken over the Mount Lofty range of hills, 
re eee pe will in years \. wae hom ed 7 one 
of the greatest engineering works at the ipodes. How- 
ever insignificant gradients of 1 in 45, and ascents of 
2000 {t. may now be, any one who travels on the future 
line, or inspects the earthworks and tunnels as they are 
now being made, cannot fail to the line as a 
bold step for a small community to take. Nearly 750,0001. 
will be spent on the 33 miles between Adelaide and Nairne. 
Within a trifle the railway is estimated to cost 22,0001. per 
mile ; and that, too, through a country where the cost of 
the land is a mere bagatelle. In some parts the expendi- 
ture will be fully 30,000/: per mile, —° the ~— 
amount of tunnelling to be done and the height of the 
viaducts and embankments to be formed. The summit of 
the range will be reached in 18} miles from Adelaide, at a 
point about a mile to the west of Chafers, and at an alti- 
tude of 1630 ft. above sea level. Here a station to be 
named, after the range, the Mount Lofty Station, will be 
built. The ruling gradient, 1 in 45, will be between 
Government Farm and this point, and the descent from 
the summit to the Aldgate oo will be by a similar 
gradient. Powerful engines will have to be used, and they 
will come down to Mite without the aid of steam. The 
mountain section begins about Mitcham, and with but small 
exceptions the ient is 1 in 50 until the Government 
Farm is approached. But in order to secure even this 
gradient creeks have to be crossed, steep hillsides hugged, 
mountains tunnelled, sharp curves made, and ravines 
spanned by viaducts of great height. : 

South African Telegraphy.—Telegraphic communi- 
cation between Maritzburg and Pretoria ts expected to be 
completed in 3 

The Austrian Iron Trade.—The Austrian iron trade has 
been somewhat improving of late. Manufacturers complain, 
however, that they are realising scarcely any profits. 
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TREATMENT OF MERCURY IN NORTH 
CALIFORNIA, 
By T. Eaveston, Ph. D. 
(Continued from page 277.) 

Mop1rieD IpRIA FURNACE.—REDINGTON WORKS. 

Tue practice of the Redington with the old Idria 
furnace is the best example of non-continuous work 
in shaft furnaces. These are the st works 
in Northern California, and are likely to have no 
rival except, perhaps, at the Sulphur Bank Mine. 
As everything relating to this variety of furnace, 
which is destined in future years to disap alto- 
gether, is of historical interest, I have given a few 
details of the New Almaden furnace of the same 
general type, which I visited shortly after, though it 
is south of San Francisco, 

The most important question in the metallurgy 
of mercury is condensation, and it is of even more 
importance than the construction of the furnace. 
The two questions are, however, intimately con- 
nected, and are engaging the serious attention of all 
persons interested in the metallurgy of mercury. 

The Redington Quicksilver Company own a large 
property or hacienda, which has been called Knox- 
ville, and a small village connected with their works 
is known as the Redington Mine. They formerly 
had at this mine two modified Idria furnaces, which 
have since been reconstructed into Livermore's fine 
ore furnaces. These furnaces were situated within 
a few feet of the ore shaft. The mine produces 
700 to 800 tons of cinnabar per week. It occurs in 
serpentine. A very large quantity of high grade 
ore is found, but the average yield of the mine is 
about 3 per cent. Cinnabar and metacinnabarite 
are both found crystallised in considerable quantity. 
Epsomite resulting from the action of iron pyrites 
on the serpentine is also found in very great abund- 
ance in acicular crystals over a foot long. The ore 
is very intimately associated with iron pyrites. 
About one-tenth of it comes from an opening made 
in the side of the hill) From the mine the ore is 
dumped on to screens, two of which are placed one 
over the other. The upper screen is made of bars 
14 in, in diameter, 2 in. apart at the top, 2} in. at the 
bottom. The screen is 8 ft. long, 5 ft. wide at the 
top, and 54 ft. wide at the bottom, What passes 
over this screen only is hand picked. What passes 
through falls upon a wire screen of #in. mesh. 
What passes this screen goes directly to the fur- 
nace, and is charged with hand-picked ore. What 
passes through it is treated as fine ore, All the large 
pieces are broken by hand. The fine ore was 
formerly made into adobes, which were used in the 
modified Idria furnaces exclusively. No dirt is 
mixed with the adobes. The ore is so filled with an 
easily decomposing iron pyrites that the action of 
the water effects a partial decomposition of the 
magnesian rock that binds the particles together. 

Under ordinary circumstances, but for the large 
amount of magnesia present, the pyrites would dis- 
integrate the rock, The adobes are made in wooden 
frames roughly put together by the workmen, and in- 
tendefl to be 9 in. by 4 in. by 4 in. When such adobes 
are dry they weigh about 12 lb. They are sometimes 
made 12 in. by 5 in. by 5in., when they weigh about 
25 lb., which is an unusually large size, The smaller 
size is the one most generally used. Seven men at 
2dols. per day can make 6000 adobes ; each man 
can mould 1000, but six men require one helper. The 
adobes therefore cost about 2.33 dols. thousand. 
The actual cost is difficult to ascertain, for adobes 
are not like ordinary ore which can be dumped any- 
where. ‘They are really more tender than ordinary 
sun-dried brick, They are generally made during 
the dry season only, and they must then be carefully 
stored in sheds until wanted. They will therefore 
have to be handled at least three times after being 
made, once in storing, once in being removed to the 
furnace, and once in charging, which causes many of 
them to break up and become entirely reduced to 
powder and useless; broken in two or three pieces 
they still can be used, but there comes a limit when 
the pieces are too small, which limit is reached all 
the more rapidly as the adobes contain less binding 
material. No account is usually taken of this loss ; 
it has not been considered worth while to estimate 
it, and it will probably never be done, as in the 
future, adobes will probably not be made, as some 
of the best metallurgical ability in California is 
being expended on special furnaces for the treatment 
of fine ores. The cost of the adobes, delivered at 
the furnace ready for charging, as near as can be 
estimated, including making and storing them, is 
about § dols. per thousand. 

The modified Idria furnaces, Fig. 2, are built on¢ 





on each side'of the condensers E, which are at 
right angles tothem. Each of these furnaces treats 
100 tons of ore and 4000 to 5000 adobes per week. 
They are built of a very porous sandstone found a 
short distance from the works. ,Each furnace has 
a double fireplace A, 20 in. wide, 17 ft. long, and 
15 ft. high. e total inside height of the fireplace 
compartment is 20 ft. The ore chamber B has on 
both ends ‘a brick screen with fourteen openings of 
the size of one brick, and two bricks apart, across 
the furnace, and fourteen openings in height, also 
two bricks apart. The fireplace screen had to be 
rebuilt once in seven years ; it is made of firebrick. 
The condenserscreen is built of red brick. . The ore 
chamber B is 13 ft, by 10 ft., and 20 ft. high ; its walls 
are 4 ft. thick. It has two openings, Fig. 3, H, for 
discharging the ore, 32 in. by 20 in., 4 ft. above the 
und on the outside. The car for discharging the 
runs under a swinging apron of cast-iron, 

The ore which has been treated is raked out over it. 
The holes in the fireplace and condenser wall are 
the starting-points of flues made in the charge. As 
the condenser side is constantly exposed to acid 
vapours it rapidly wears away, and is renewed about 
twice in five years. To secure it against a 
it is strengthened with an abutment. From the 
action of the ore and vapours the inside walls of 
the ore chamber are worn away to a considerable 
depth, making it larger than it formerly was. 
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Beyond the ore chamber each furnace has two sand- 
stone condensers C, 4 ft. wide, 13 ft. long, and 20 ft. 
high. Very little mercury ever condenses in them, 
not more than two flasks a week. They are con- 
nected with the main condensing chambers E in the 
upper part by a flue D supported on arches, which 
enters the top of the first chamber of the main coa- 
denser. The length of this flue D is 8 ft. 

The furnaces are independent, so that each may 
work, without reference to the other, into the con- 
denser, the connexion being cut off at will. The 
total length of each furnace, including fireplace, ore 
chamber, and the two condensing chambers, is 36 ft. 
Its total width is 17 ft., and its outside height 24 ft. 
The main condensers E consist of a series of twelve 
chambers, each of which is 4 ft. wide, 20 ft. long, 
and 90 ft. high on the outside, common to both 
furnaces, Each one of these chambers has an iron 
door, Fig. 3, H, on each side at the bottom. The 
partition walls between each are 1 ft. thick; the 
outside walls are 18in, They are braced by wooden 
beams 8 in. by 10 in. on the outside, which are tied 
together by 3 in. round iron rods. These rods pass 





—— the interior of the furnace, and must be 
carefully watched, as they are likely to become 





corroded through, and allow the wall to fall. All 
the walls of these chambers are very soon saturated 
with m . They rapidly become soft from the 
effect of the acid vapours; some of the side walls 
have been corroded to a depth of 6 in. only, while 


the partition walls, as they are wu both 
sides, have been corroded entirely bh. Wher- 
ever they have been re ith brick it has been 
found to resist better the stone. The relation 


of the condensing surfaces to that of the char 
compartment is much too small. The ratio of the 
condensing volume to the volume of the furnace 
should be as 24 to-1. In this furnace it was not 
half the amount. The condensing chambers are 
really only large enough for one furnace. On this 
account the walls have become super-saturated 
with mercury, and after a little e re, even after 
they have been thoroughly cleaned, they still exude 
mercury in globules, The flue F leading to the 
chimney G is built of cut stone, and is 250 ft. long. 
It is over 4 ft. in the largest diameter, with walls 
2 ft. thick. It is built against the side of the hill. 
‘Lhe chimney is also of stone, and is conical, 50 ft. 
high, 5 ft. in interior diameter at the base, and the 
walls 3 ft. thick. 

The ore is charged by a windlass from above ; the 
buckets used for charging are of iron 3 ft. in dia- 
meter and 30 in. high; the adobes are charged on 
platforms 3 ft. by 24 ft., and 2} ft. high, that carry 
150 adobes weighing about a ton. To make the 
charge the. ore compartment is first. lined with 
adobes two to five thick, pi together, but not 
crowded close. Inside of this the ore is placed in 
pieces from a size not larger than 12 cubic inches, 
down to one-quarter of this size in layers 18 in. to 
20 in. in thickness. Adobechannels are then built, 
communicating with the openings in the wall of the 
fireplace and condenser side of the furnace, Their 
number depends upon the size of the ore, four for 
coarse and five for fine ore. They are made as flues 
to carry the heat into contact with all parts of the 
ore, and also have the effect of preventing the charge 
from packing together. A part of the soot that 
either has been worked, or is too r to work in 
the retorts, is charged over — ayer of ore. A 
new layer of ore is' then put in over the adobe 
channels, and so on until the chamber is cre te 
over the top, fine ore mixed with poor soot is-p ‘ 
and the whole is covered over with clay and ashes, 
which the heat bakes, so that it becomes hard after 
the furnace has been fired a short time. 

When the charge is being drawn these compart- 
ments are closed on the top with cast-iron pans, 
which are either filled with water or covered over 
with ashes, in order to prevent the heat of the charge 
setting fire to the building above. The joints be- 
tween the pans and the masonry are made tight 
with ashes to prevent the escape of the fumes. 
These pans are § in. deep, 44 ft. wide, and 10 ft. 
long. They are provided with two eyes on each 
end, so that they can be removed by a crane. 

One furnace is charged Monday, and is fired 
Monday night, and kept burning until Thursday 
morning. o cords of wood are burned during 
this time, The sulphur takes fire and answers for 
fuel for the most part, for there is always an excess 
of sulphur as iron pyrites in the ore, The other 
furnace is charged Tuesday and fired Tuesday 
evening, and kept burning until Friday. One 
furnace will thus be cooling on Saturday and Sunday, 
the other on Sunday and Monday. A small quantity 
of mercury runs in C on Tuesday, and in the first, 
second, and third compartments of the main con- 
denser. It runs most freely Wednesday and 
Thursday. By Thursday a very small quantity 
of mercury is condensed in the extreme cod of the 
condenser ; 150 to 200 flasks are collected from both 
furnaces during the week, most of it from the fifth 
andsixth condensers. On Wednesday it commences 
in the fifth and sixth, and runs from this point until 
the furnace. is discharged, Most of the mercury is 
obtained when’ the furnace is cooling down. When 
the draught is good, and the ore of moderate rich- 
ness, the yield will not be less than 200 flasks per 


week. 
The bottoms of the condensing chambers were 
originally built inclined towards the centre, Fig. 3, 


with the intention of having all the mercury in the 
condenser run: out through a common ning 
made for the purpose at the bottom of the incline, 
The openings, however, became rapidly clogged, so 
that the flow of mercury was prevented, and instead 
of flowing to the outside of the furnace it became 
absorbed in the masonry. This method was aban- 
doned; as it was not worth while to change the 
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construction of the furnace, iron pans were placed 
over this floor, sloping from the centre towards the 
outside, Fig. 3. These are placed 3 ft. above the 
old furnace bottom, so that there is a space under 
the bottom of the pans, which are made of three 
pieces overlapping each other. This construction is 
necessary, as when the walls get old and fall, as they 
ra sc do, the whole pan would be liable to be 
broken ; but by. this disposition only parts of it are. 

Tiles have been used to protect the surfaces of the 
pans, which thus protected have lasted during four 
years constant use. Without this covering they last 
only two years, at which time they were entirely 
corroded by the acid fumes. 

On Saturday the iron doors of the condensing 
chambers are taken off, and a workman collects the 
soot on the pan and from the walls about 2 ft. above 
its bottom, with a long hoe. What accumulates 
above is left until it falls by its own weight. Seventy- 
five to a hundred bushels of soot are collected in this 
way which yields from five to twenty flasks of mer- 
eury. The soot isa mechanical mixture composed 
of ordinary soot, fine ore, ashes, dirt, volatilised 
cionabar, and sublimated mercury in very fine 
globules, carried over from the ore chamber. On 
account of the condensation of the steam from 
moisture in the fuel and ore, it is usually damp 
when removed from the furnace. The soot buckets 
are 33 in. high, 30 in. in diameter at the top, and 
14 in. at the bottom. Each side of the condenser 
will fill such a bucket twice, a foot high. 

It takes two men two days to clean all the con- 
densers and work the soot. The amount collected 
varies very greatly, When the furnace is stopped 
for repairs, it cools; a large quantity of soot becomes 
detached as soon as the furnace is lighted again. 
The amount of mercury collected from the soot will 
— from five to twenty flasks a week. The flue 
leading to the chimney is cleaned once in three 
weeks, and about a bushel of soot is taken from it. 

It takes ten men one day to charge each furnace, 
and six men one day to discharge it. These men are 
paid 35 dols. per month and board, which amounts 
to about 1.90 dols. a day. There is one foreman, 
and one man to clean and repair the flasks, and fill 
them. They work during the day only. Each 
shift of twelve hours has its own foreman. When 
the draught is not good, a fire is placed at the foot 
of the chimney to increase it. This chimney is 50 ft. 
high. The draught depends for the most part on 
the way the furnace has been charged. ‘The draught 
furnace is oftenest used when the ore furnace is 
allowed to get cool, but occasionally when the 
direction of the wind is unfavourable. Less than a 
cord of wood per month is required for its use, In 
the fall, winter, and spring no trace of mercury is 
found in the flue, but when the weather is hot it 
collects near the chimney, and in very hot summer 
weather it sometimes escapes. The accident of 
salivation is very rare except from the carelessness 
of the men. It generally occurs amongst those who 
are in the habit of using tobacco. As soon as the 
workmen experience any sensitiveness about the 
mouth, they are instructed to go to the office, and 
are there furnished with a mouth wash consisting of 
two parts of cinchona, one part tincture of myrrh, 
and three parts water. 

Twice a year a general clean up is made. This is 
done by putting into the compartment C pipes 24 in. 
in diameter, and three in the flues leading to the 
chimneys. This is done both to cool and to ventilate 
the chambers while they are being cleaned. The 
walls of the condensers are scraped to remove the 
soot. As there is a considerable quantity of dust 
arising from the fallen soot, it is necessary for the 
workmen to protect themselves with a wet sponge, 
which is held over the mouth and nose by a thin 
cloth tied behind the head. No one man is allowed 
to work more than fifteen minutes. After having 
been thoroughly scraped, the walls are carefull 
washed. They are so thoroughly impregnated wi 
mercury, that after having been scraped and washed 
every day for a month, when exposed to the sun 
for afew hours only, they still show bright mercury 
globules all over the surface. As an illustration of 
the absorbing power of the masonry, the first time 
that the farnace was charged, the ore was picked. 
At the top of the charge 6 ft. to 7 ft. of rich soot 
was put in, but the heat did not reach it. The charge 
should have yielded 500 flasks of mercury; all but 
nine flasks were absorbed by the walls. 

It takes eight men two days to wash the walls, 
flues, and condensers. ‘T'he soot in the first condenser 
is often 6 in, thick, and in concretions which are 
sometimes hard and solid. This same concretion is 


sometimes found below the iron pans; it consists of 
soot, hardened by the acid, and mercury in globules. 
In all the other condensers, however, it is soft and 
light. On the walls it is of very variable thickness, 
generally from ] in. to 2in., but sometimes is as 
much as 6 in. thick, when they have had a long 
run without cleaning. When the soot is very rich 
it may accumulate to 6 in. on the bottom of the 

an. The richest soot is taken from the fourth, 

fth, and sixth condensers. From a general clean 
up, a8 many as 100 flasks have been collected. 

The furnaces were in use eight years, during 
which time they were repaired three times, parts of 
six partition walls having fallen down at the flue end. 
At the furnace end the wall is good. All the stone 
taken out from the condensing chambers during 
repairs, is put on one side and treated as very rich 
ore. The furnaces originally cost 100,000 dols. to 
125,000 dols. ‘They are now abandoned at the 
Redington Mine. e masonry has been altered 
into Livermore’s inclined continuous furnace for fine 
ore, the cost of the alteration being 1200 dols. 
The average cost per week of reducing one ton of 
ore in the modified [dria furnace, No, 1 and No. 2, 
at the Redington Mine in 1874, was: ii 

ois. 


5} cords of wood at 5 dols. one vom 27.50 
36 days, furnacemen, fireman and assis- 
tant 


20 days, labourersc ing furnace ... 38.60 
12 days, labourers dinckaeing furnace 23.15 
8 days, iabourers working soot eee 14.55 

8 days, fireman ... coe iui ose 14.55 
9000 adobes at 5 dols. per m. 45.00 
Total charge of 200 tons cost... ee 249.35 
Average cost per ton for reduction .. 1.25 


(To be continued.) 








ENGINEERING PRECEDENTS. 
By Mr. J. Ricwarps, 
WOOD-CONVERTING MACHINES, 

IN some previous writings on the subject of wood- 
converting machines and tools the writer has in two 
cases, and at considerable length, described the early 
inventions of Sir Samuel Bentham, of London.* 

These notices were as full perhaps as the circum- 
stances permitted, but unaccompanied by specific 
and technical description, they partook in some 
measure the nature of opinions and inferences 
rather than facts. At the time of preparing these 
notices it was resolved that when opportunity per- 
mitted the subject would be again taken up, and 
treated in a manner which would permit Sir Samuel 
Bentham’s inventions to be clearly understood by 
the profession generally, and especially by those 
engaged in manufactures wherein these inventions 
apply. 
mre attain this object I have endeavoured to illus- 
trate the various inventions by simple diagrams, 
following in some measure modern practice, but in 
all cases conforming to and never exceeding a fair 
inference from Bentham’s wonderful descriptions. 
[ say wonderful because it is to be questioned if in 
the whole range of engineering literature there is to 
be found words which so fully convey to the mind 
of a reader every detail of construction and opera- 
tion as does the specification of his patent No. 1951 
of 1793. 

This patent, containing 49 pages of printed matter, 
and comprehending nearly all known operations 
in cutting and shaping wood, was in 1848 referred to 
in one of the law courts in the following words: 
“The specification of this patent is a perfect treatise 
on the subject, indeed the only one worth quoting 
which has to this day been written on the subject.” 
The descriptions apply mainly no doubt to machines 
constructed at the ‘‘ works,” Queen’s-gate, West- 
minster, and operated there, because Professor 
Willis, who is a careful authority, said in a lecture 
before the Society of Arts, 1852, ‘‘ There were con- 
structed machines for all general operations in wood- 
working, including planing, moulding, rabeting, 

ving, mortising, and sawing, both in coarse and 
ne oak in curved, winding, and transverse direc- 
tions, shaping wood in complicated forms. Further, 
asan example, all the parts of a highly finished 
window sash were prepared, also all the parts of an 
ornamental carriage wheel were made so that 
nothing remained to be done by hand except to put 
the component parts together.” 

There is no complete copy of this paper at hand 

to be referred to, but my recollection is that the facts 


* “A Treatise on the Construction and Operation ‘of 








Wood - Worki Machines.’”” London, 1872. ‘‘ Wood 
Conversion by Machinery.” London, 1876. 











are taken from the report of a Parliamentary Com- 
mission appointed to examine into the inventions of 
Sir Samuel Bentham, with a view to determine their 
applicability to the penitentiary labour system pro- 
pas by his brother, Jeremy Bentham, the well- 

nown author of various writings on legislation and 
jurisprudence. 

The absence of drawings in this patent will to 
most persons seem a strange omission, and is, in 
fact, a most unfortunate one, because it is from such 
drawings instead of written text that patented in- 
ventions become popularly known, and if Bentham’s 
patents had been fully illustrated by drawings, they 
would no doubt have formed for fifty years past the 
most familiar as well as the most complete reference 
in judging of novelty in the various contests over 
new discoveries in wood-cutting machines and tools, 

Nothing would have been easier than for Sir 
Samuel Bentham to have supplied drawings, not 
only of the machines which he constructed, but also 
diagrams to illustrate modifications of inventions 
not reduced to actual practice ; and their absence I 
attribute to a most natural conclusion on his part 
that the inventions being new, his claims would be 
broader and of more value if not confined to what he 
calls a “‘ particular mode.” 

A description clearly drawn may comprehend an 
operation in all of its variations, while a drawin 
will explain but one, so that on the whole, an 
having in view the state of the artin 1793, Bentham’s 
patent, in so far as it conferred rights on him, was 
stronger and more comprehensive than if it had con- 
tained drawings. 

Referring now again to the descriptions from 
which ample quotations will appear in future places, 
no engineer or mechanic can read a single page 
without being impressed with a power of words 
unknown, I believe, in any other printed matter 
relating to technical operations, the more remarkable 
when we consider the paucity of terms and lack of 
formule at that period (1793). 

These powers of describing mechanical operations 
with words alone was not wholly a natural gift ; it 
was the result as well of systematic training, because 
in a letter written by Mr. George Bentham, of 
Knightsbridge, London, in 1876, he says, ‘The 
facility my father had in describing machinery 
without the aid of illustrations, was probably de- 
rived from a practice he had acquired in drawing up 
the propositions in Euclid without reference to 
figures, as he had, on the other hand, represented 
them in figures without written text; both having 
been exercises of his youth.” 

This somewhat lengthy notice of the circumstances 
attending on Sir Samuel Bentham’s inventions, and 
his patent of 1793, I have thought necessary because 
of the possible good results which may follow from 
attention being directed to the power of words in 
describing machinery, and also in support of a claim 
which I will boldly advance, that Sir Samuel 
Bentham’s inventions comprehend nearly all that is 
now known of wood-converting implements, and 
had these inventions been surrounded and aided by 
modern circumstances in respect to constructive 
tools and processess, and had the world been ready 
to receive them, not much would have remained for 
less able engineers to contend about. 

There is also a further and perhaps greater 
reason for bringing these inventions once more to 
notice in the fact that Mrs. Bentham, widow of 
Sir Samuel Bentham, in writing his memoir, pub- 
lished in 1862, had not at control the required data 
from which to give an account of his inventions in 
wood-cutting machinery, which inventions were made 
prior to his marriage, and of which I am informed 
by Mr. George Bentham no complete records exist. 

The material for a biography was naturally drawn 
mainly from Sir Samuel’s public life and official acts, 
instead of his private engineering works, a matter 
not to be wondered at, even if full records existed, 
because of the technical character of the latter, and 
the fact that they could not be popularly under- 
stood. Viewing, however, the ultimate development 
of skilled industry as the greatest of the country’s in- 
terests, and the relation which Bentham’s inventions 
bear to that interest, there are but few who will not 
in the various machines and processes to be 
described see the greatest of his many useful works. 

Une more thing may be noticed in respect to the 
method to be followed in treating upon these old 
inventions. When opinions are added, such opinions 
will be based upon analogy to modern practice, and 
certainly no better measure of utility can be assumed, 
nor any fairer standard be set up in respect to early 
improvement in any of the constructive arts. An 
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THE LLANDULAS VIADUCT: DETAILS OF TEMPORARY WORKS. 
: (For Description, see Page 343.) 
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invention which has come down to modern times 
without material alteration, and can be traced 
throughout common practice, was most likely con- 
ceived in a consummate knowledge of the operations 
to which it pertained, and when such inventions 
are increased to scores, all having the same practical 
characteristics, inference becomes certainty. This 
remark I feel called upon to make, because in some 
cases it has been claimed that Bentham was a 
theoretical professional man without the power of 
applying his inventions to useful purposes. 

e test of ‘‘ continuance” as a measure of merit 
I feel safe in assuming, not only in respect to 
Bentham’s and other precedents in wood converting, 
a in regard to metal-working machines and 


_ The first quotation to which attention will be called 
is in his earlier patent of 1791. In speaking of planing 
wood by power, he says, ‘‘ Hence three capital ad- 
vantages : firet, the quantity of force used at one 


time can be increased at pleasure ; second, the force aye 


of men may in this way be exerted to a greater ad- ¢; 
vantage than while confined, as in present practice, 
to a particular mode by the necessity of care and 
dexterity ; third, the labour of the awkward and 
unpractised may be used . . .” This quotation, 


taken from Bentham’s first patent on machine tools, 
is given to show that mechanical scheming was made 
su 


rvient to ultimate results, and that practical 
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Fig.6. utility and economic effect were the objects con- 
: tinually had in view. 
Goss Section through A.B. Referring now to the inventions described in 
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Bentham’s patent, No, 1951, of 1793. The first 
sections related to the formation of wooden tubes 
by rolling and glueing scales or veneers, on which 
subject there is a long dissertation, without much 
interest, however, because paper, papier-miche, 
caoutchouc, and metal are now employed for such 
purposes, so that however complete and ingenious 
the various processes described, they could scarce 
be regarded as precedents of modern practice. 

The first mechanical device to be noticed is the 
spreading wedge to be employed in connexion with 
saws, which is described as follows: ‘‘ For sawing a 
veneer that the saw may work the easier, and the 
sawdust have the more room to escape, I fix to the 
bench or floor a wedge, the edge of which applies 
itself as near as possible to the back of the saw so 
as to enter into the saw kerf as the piece is advanced 


; and open it more or less according to the sharpness 


of the wedge. Ifa thin piece is to be cut froma 
thick one, a veneer for example from a thick block 
or log, then one side of this wedge should stand in 
line with that side of the saw which is towards the 
thick part of the piece, so that the inclination of the 
wedge will bear off the thin part only. If the piece 
isto be cut in the middle, or nearly so, then the 
wedge may stand so as for the middle line of ite thick- 
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ness to be straight with the middle thickness of the 
saw ; thus by varying the position of this wedge, the 
two parts into which a piece is to be cut may be 
borne off from the saw, each more or less with 
respect to each other according to their relative 
degrees of flexibility. If two cuts are to be made 
in a piece so as to divide it into three parts, each of 
the two side parts may thus be borne off from the 
middle part. If the friction of the piece against the 
wedge be considerable, you may place a cylindrical 
roller close behind the wedge, or you may put 
friction rollers in these wedges, 80 that when a piece 
is advanced so far as to bear upon these rollers 
the sides of the wedge will be no longer rubbed 
against. If the action of the wedge by thus bearing 
off one of the parts isso strong as to bend the whole 
piece out of its direction, this effect may be counter- 
acted by a roller stationed just before the teeth of 
the saw, so as by a spring or weight to press against 
the side of the piece and keep it to its direction. 
If to make a saw stiffer or stronger it be made 
thicker at the back like a knife or razor, although it 
would work very hard until, the whole of the saw 
had entered the piece, yet by placing a wedge or 
cylindrical roller close behind the back of the saw, 
e thin piece or veneer would as soon as it reached 
the roller be borne off so as to no longer be touched 
by the back of the saw; this back might be of the 
same substance with the saw or fastened to the side 
of it.” . 
This somewhat lengthy 
understood by referring to 


Fig.l. 


uotation will be better 
ig. 1, where a represents 
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the piece or log, 4 the veneer, c the saw, and ¢ the 
spreading wedge. This careful description, although 
confined to reciprocating saws, comprehends nearly 
or quite every known modification of such spreading 
wedges, which are an essential part of machines for 
cutting or sawing thin scales or veneers. The 
“ground off” saw, which is the most simple ex- 

ient, is described, and so far as I am able to see 
only one thing known to modern —— is wanting 
—the rolling wedge which is employed on large log 
sawing mare Nate in America, on in some cases on 
similar machines in this country. 

Rotary segment saws now used for making 
veneers were not overlooked by Bentham, who, on 
page 24 and 25 of the specification referred to, says, 
in ~ my | of rotary tools: “ In some instances, 
however, there may be an advantage in making it 
in pieces, for instance, in annular segments fastened 
to an included cylinder. The larger it is the 
greater will be the advantage of thus composing it, 
and if a part only is worn out or damaged, that part 
may be replaced without injury to the rest.” 

After such instructions it would require no great 
skill to make a segmental saw, although it is doubt- 
ful if such saws were made at the time, because the 
reciprocating form was then almost wholly em- 
ployed. 

In respect to inserted teeth, which is generally 
considered quite a modern invention, practised in 
America for the large forest saws employed in reduc- 
ing rough timber, Bentham says, referring still to 
composite rotary tools: ‘‘ Another mode of com- 
position is to make the teeth. distinct from each 
other as well as from the cylinder from which they 
project; they will thus be separately bedded in the 
cylinder and can be taken on or off as occasion may 
require. This is a mode I have practised with par- 
ticular advantage in the instance of. the moulding 
cutter and the planing roller above spoken of.” 
Fig.2. 
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In connexion with saws and sawing there is on 
page 8 of the specification a description of what is 
at this day ed a stone frame, corresponding 
so exactly to modern practice that its reproduction 
will be a matter of interest. Fig. 2 isa diagram, top 





view of a common frame or gang, except that key 
buckles are more commonly used than screws for 
straining ; a a is the reciprocating frame, c ccc the 
saws, and ¢ the stone to be cut or sawn. 

The description just referred to says: “‘ When 
several cuts are to be made in a stone at one time, 
the ap 
the following : conceive an oblong frame composed 
of two parallel longitudinal bars joined towards each 
end by two parallel transverse bars. Between 
these transverse bars are fixed the requisite 
number of saws so as to be stretched by screws 
or otherwise, in the same manner as saws for 
cutting wood. This frame is of such dimensions as 
to receive within it the largest block which the 
apparatus is intended to saw in such manner that 
the saws in cutting sink into the block, the 
block may thus rise up as it were within the frame ; 
moreover, in point of length, to the longest which 
the machine is intended to cut, must be added a 
further length equal to the stroke.” 

In the diagram, Fig. 3, is shown the method of sup- 











porting what are called in America “‘ muley” saws, 
by means of stationary guides fixed both above and 
below the timber being sawn. In the figure, a isa 
log, c ¢ the saw, and ee guides, generally made of 
wood. The same method of guiding has during 
recent years been employed for band saws. 

Relating to such guides we read on page 10 of 
Bentham’s specification, that, ‘‘ To confine the saw 
better to its direction and prevent it being twisted 
by the above or any other cause, I sometimes em- 
ploy a pair of guides, consisting of pieces of hard 
wood or metal having each of them a slit in which 
the saw moves, and by the sides of which the whole 
breadth of the saw, the teeth only excepted, is em- 
braced. One of these guides is fixed as near as 
possible above the upper surface of the piece, the 
other as near as possible below the under surface. 
It is plain that to move easily in these guides the 
thickness of the saw must be very regular.” 

The last paragraph will serve to remind us at 
this day how very imperfect were the processes of saw 
making eighty-five years ago. No doubt saws were 
then “plated out” by hammers instead of being 


rolled to parallel thickness, a supposition which is in| } in. 


a degree confirmed by the descriptions of machinery 
< grinding saws which will be noticed in a future 
ace. 
, For cross-cut sawing the inventor says: “I give 
the saw a sort of frame, in which, instead of the 
saw being stretched between the uprights, the hori- 
zontal bars are made to extend beyond the upright 
ones, and the saw is stretched at the extremities of 
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the horizontal bars, the saw being fixed in a direc- 
tion which, with respect to the frame, is at right 
angles to that which it assumes when fixed for 
longitudinal cutting, that is to say, in a direction 
across the sliding bed instead of parallel to it.” 
This mode of operating is illustrated in Fig. 4, 
which is in every respect an embodiment of 


tus will require some such variations as} j 





Bentham’s description, and is also very similar 
to a machine recently designed by the writer for a 
special purpose. In the figure, a is the wood to be 
cut, cecc the frame, or, as it is sometimes techni- 
cally called, a ‘‘sash,” ¢ is the end of the connexion 
where power is applied. This arrangement of pro- 
jecting arms and overhanging saws is a very com- 
mon one for scroll sawing, and for cross cutting 
would no doubt be the best possible modification if 
reciprocating saws were used for this purpose, 
Rotary saws are now employed, however, in all 
cases unless for very large logs that such saws 
will not reach through. 
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In Fig. 5 there is an attempted delineation of a 
‘ radius guide,” described on page 11 of the specifica- 
tion. Such a guide as this for sawing segmental 
er was shown by Newberry, the inventor of the 
and-sawing machine, in his specification of 1808, 
and does not, it is true, involve much invention, 
but it must be remembered that in 1793 circum- 
stances were vastly different from the present day, 
or even fifty years ago. These radius bars are now 
in common use for cutting out fellies for carriage 
or other wheels, and similar segmental pieces. 
Bentham describes them thus: ‘In cutting cir- 
cularwise, the fillies of wheels for example, the 
business of directing the course of the piece may be 
— by a pair of calipers lying flat on the 
nch or floor, and moving about a centre, which 
calipers are at their extremity furnished with teeth 
roper for laying hold of the ends of the piece. 
he arms of these calipers must be of a length at 
least equal to the radius of the piece to be cut. In 
the figure a is the caliper, c the piece to be cut, x 
the centre or pivot, and ¢ the saw in section. 


(To be continued.) 








CiTy AND Guips InstrtuTEe.—The City and Guilds of 
London Institute for the Advancement of Technical Edu- 
cation, announce the opening of their technical classes, 
at Cowper-street School, Finsbury. In the section of 
— Physics, Mr. W. E. Ayrton will deliver a course 
of twelve lectures on ‘‘ Some of the Practical Applications 
of Electricity and Magnetism,” commencing Monday, 
November 3, at 7 p.m. In that of Applied Chemistry, 
Dr. H. Armstrong, F'.R.S., will deliver a similar course on 
“The First Principles of Chemistry,” commencing Wed- 
nesday, November 5, at 8p.m. An inaugural lecture 
will be delivered by Mr. Ayrton, on Saturday, November 1, 
at 8 p.m., on “The Improvement Science can Effect in 
our Trades, and in the Condition of our Workmen.” A 
syllabus of each course of lectures can be obtained at the 
of the companies uf Mercers, Clothworkers, and 
Drapers, or at the schools, Cowper-street. Intending 
— should = in j= pmengeg ty? or 

wper-street hools, Fins’ » EC. e ina 
lecture will be free. 7 





_ METROPOLITAN Gas ComPANIES.— Whatever other. 
interests may have suffered owing to the depression of 
trade, the gas companies seem to have been fortunately 
excepted. At three meetings recently held of the London 

Pp luding the Crystal P, , the London, and 
South Metropolitan, the past half-year in each case showed 
signs of increasing profit. The report of the latter com- 
pany, for the half-year ending June 30 last, states that 
owing to the prevalence of dull and cold weather there had 
been, on the If-year, the unprecedented increase of 14 
per cent. in the consumption of gas, which was now be- 
coming extensively used, besides as an illuminating agent, 





for heating, cooking, and manufacturing purposes. This 
company is about to te with the Surrey Con- 
sumers’, with the consent of the Board of Trade. The 


rofit of the half-year enabled the directors to declare a 

vidend of 114 per cent. The companies seem to have 
lost all fear of competition by the electric light, and at the 
same time have done very wisely in attempting to extend 
the use of gas in domestic and other arrangements besides 
that of lighting. It must be borne in mind, however, that 
the low pie _of metals and of coals which has, until 
recently, been in favour of the gas companies, seems likely 
to take a different turn, and, perhaps, from this cause the 
future dividends may not be so favourable to the share- 
holders. In reference to the amalgamation of the South 
Metropolitan and the Surrey Consumers’ Companies, the 
Board of Trade very wisely insisted on the application of 
the sliding scale conditions, us applied to the whole of the 
joint capital. 

















OcrT. 31, 1879.] 


ENGINEERING. 


335 











LIST OF PROVISIONAL ORDERS DEPOSITED WITH THE BOARD OF TRADE UNDER 


THE PROVISIONS OF THE TRAMWAYS 
WORKS FACILITIES ACT, 1870. 


ACT, 1870, AND THE GAS AND WATER 


SESSION 1879.—TRAMWAYS. 























» ee ues 
Sursect oF BILu. to be raise ‘ : 
ote, tees Engineer or Surveyor. Parliamentary Agents. 
of Bill. 
£ . . 
1. Bristol (Extensions) 32,700 J. Kincaid Toogood and Ball. 
2. Briton Ferry and Swansea ... aoe 10,700 Alfred Clayton and Fry. 
$. Burnley and District ... pies ca 21,500 E. E. Allen Tahourdins and Hargreaves. 
4. Chesterfield, Brampton, and Whit- ’ 
tington su ‘a ees a 15,725 Nimms and MacNay Stevens and Co. 
5. Crewe and District 6,000 F. C. Winby Milne, Riddle, and Mellor. 
6. Derby ... a sa = ed 32,800 J. Kincaid W. Webb. 
7. Dewsbury, Batley, and Birstal (Ex- 
tensions) ma ose a sad 3,880 M. Sheard W. Webb. 
8. Ipswich .. ove 17,250 Peter Bruff Tahourdins and Hargreaves. 
9. Leamington and Warwick 22,000 E. E. Allen P. Burrowes Sharkey. 
10. Liverpool (Corporation) 43,000 G. F. Deacon J. M. Clabon. 
11. Newcastle-upon-Tyne Corporation ... 50,000 ‘A. M. Fowler Dyson and Co. 
12. North London Suburban pe eee 40,000 Russ and Minns Hanly and Carlisle. 
13. Oxford poe 27,675 J. and W. A. Brunton Rose and Fry. 
14. Staffordshire _... eee eos ade 18,000 J. Kincaid W. Webb. 
15. Stoke-upon-Trent, Fenton, Longton, 
and District ... me jak en 22,500 C. Lynam W. P. Slater. 
16. Sunderland (Corporation) 89,375 C. Thwaites W. Webb 
17. Sunderland ( Extension) 5,100 J. Kincaid 'W. Webb. 
18. Swansea (Extension) ... 4,400 J. Kincaid and H. Hunham W. Webb 
19. Tynemouth and District 25,000 Menzies and Blagburn Wyatt and Co. 
20. Wigan 31,305 C. H. Beloe Sharpe, Parkers, and Co. 
21. York 13,500 J. Kincaid Best, Webb, and Co. 
GAS AND WATER. 
Proposed Capital 
SuBsEctT oF BIu. to be raised Engineer or Surveyor. Parliamentary Agents. 
under Powers 
of Bill. 
£ 
1. Aldershot Gas and Water 31,250 ose dea Norton, Rose, and Co. 
2. Cleethorpes Gas . 25,000 R. W. Cooper. 
3. Dorchester Gas ea ne 25,500 e on Baxters and Co. 
4. Dorking Water... i ese 10,000 J. Mansergh Rooks and Co. 
5. Dronfield Gas ... _ as oes 30,000 os a G. Norton. 
6. Eckington Gas ... roe ove o 6,500 ooo os J.C. Rees. 
80,000 includes 
7. Enfield Gas {11,25 for pur- Jabez Church R. J. Pead. 
chase money 
8. HavantGas .. ron jin one 13,250 G. Garnett R. J. Pead. 
9. Herts and Essex Water as oid 40,000 Russ and Minns Hanly and Carlisle. 
10. Longridge Gas ... ese ies ee Dyson and Co. 
11. Maidstone Water 20,000 ee on Dyson and Co. 
12. Margate Water ia Me 10,000 ee pe J. M. Clabon. 
13. Mexbrough and District Water 10,000 C. Tomlison Sherwood and Co. 
14. Northfleet Gas ... of = 15,000 er ke Baxters and Co. 
15. Oystermouth Water ... a on 8,000 W. Whittington Simson and Wakeford. 
16. Rhyl District Water ... 15,000 ‘ul ash Paine, Layton, and Co. 
17. Saint Albans Water ... 25,000 ose a Marriott and Jordan. 
18. Shoreham and District 20,000 C. O. Blaber W. Bell. 
19. Stourbridge Water ons ind 25,000 eee ee Dyson and Co. - 
20. Thirsk District Water... “ ose 20,000 J. H. Rhodes J.C. Rees. 
21. Ventnor Gas and Water 37,500 is on R. J. Pead. 
22. Wantage Gas ... = 13,300 J. and E. Belcher E. Walmisley. 
23. Wellingborough Gas ... 21,875 bes oe Baxters and Co. 
24. Ystrad Gas and Water... ooo 50,000 W. Bell. 











THE IMPROVEMENT WORKS AT 
ANTWERP. 
(Continued from page 281.) 

THE construction of the new quay wall is one 
of the most important parts of the work connected 
with the Antwerp harbour improvements, and the 
conditions under which it had to be constructed 
are unusual. The level of the tops of the founda- 
tions is 26 ft. 3 in. below lowest tides, the thick- 
ness of their foundations varies from 8 ft, 3 in, to 
16 ft. 6 in. or even more, and the depth of the wall 
at the base was fixed at 29 ft. Gin. The best mode 
of carrying out this extensive work, not only as 
regards the foundation, but also for that portion 
of the wall below the water level, was the object of 
careful study on the part of the contractors, who as 
usual with them found a solution at once novel and 
practical, and which was as follows. ‘They resolved 
to divide up the whole length into sections of 82 ft. 
each, one section following another continuously, 
and to get in these lengths of foundation by 





means of iron caissons with compressed air, an 


arrangement which would permit of the excava- 
tion and subsequent refilling being carried on with- 
out interruption. Above the foundation, and up to 
the level of low water, that is, for a height of 
26 ft. 3 in., it was determined to build the wall within 
a kind of iron cofferdam having the same form as 
the caisson, and sunk with it, to be removed after 
the section of wall had been completed, and 
attached to the next caisson for the adjoining length. 
Spaces of about 39 in. were to be left between each 
section or block of wall to accommodate the ends of 
the cofferdam. This space was to be afterwards 
filled in with béton up to low-water level, above 
which height the wall would be continuous and 
solid. So far as the works have proceeded, this 
lan has been carried out. The iron caissons for the 
oundation are constructed complete on the 
river bank, and launched down an _ inclined 
lane. They are being made by MM. Rollin 
rothers, of Braine-le-Comte, and the Ville- 
broeck Company. For putting these caissons in 
place, a floating scaffoldin is employed, which 
also serves for handling the cofferdam secured 





successively to each caisson. This scaffolding, of 
which we recently published illustrations (see ENaI- 
NEERING for the 10th inst.) is composed of two iron hulls 
85 ft.6 in. long, and 16 ft. 5 in, wide, carrying each 
an iron framework or staging strongly braced, and 
connected together at a height of 39 ft. 6 in. above 
the water, by cross girders, the length of which 
keeps the boats separated by a distance of about 
33 ft. These stages are also rigidly connected 
together at the ends. The dimensions of the s 

enclosed are such that there is room for the caisson 
and cofferdam attached, and chains and winches are 
distributed over the vessels for manceuvring these, 
The cofferdam is a large iron box 82 ft. long, 
29 ft. 4 in. wide, and 39 ft. high. The length and 
breadth correspond to the caisson, and the height 
is sufficient to protect the work from ordinary tides 
(see Figs. 9 to 14, page 336). At the bottom there 
isan enclosed space where the connexions with the 
caisson can be made under water with the help of 
compressed air. Entrance to the caisson is effected 
by means of four shafts with air locks passing down 
through the cofferdam. The rigidity of this latter 
is secured by bracing at the upperend, and by being 
bolted to the caisson at the bottom. There are also 
within the structure a number of movable stays 
which are successively removed as the work advances. 
In the hulls, which form a base for the floating 
scaffolding, are placed the engines and boilers by 
which the winches are driven which control the 
cofferdam, as well as the air compressors, hoisting 
engines, and steam bpm for emptying the coffer- 
dam. The form and construction of the caissons are 


shown by Figs. 6, 7, and 8 on page 336. 
Work is commen by dredging the site of 
foundations as uniformly as ible. The floating 


scaffolding then raises the cofferdam until its lower 
edge is about 3 ft. above water, the floating caisson 
is guided beneath, and the connecting bolts are 
adjusted. The compound structure is then moved 
with the floating s ig exactly over the place where 
the wall section is to be built. Béton isthen discharged 
on to the top of the caisson and the masonry is com- 
menced, and to ballast the structure additional 
weights are added and water admitted to sink it, 
the edges of the caisson gradually penetrating into 
the ground as the soil is excavated from within the 
caisson, with the assistance of compressed air. When 
the water is pumped out the temporary loading is 
suflicient to maintain the work in its proper position. 
The greater part of the material excavated consists 
of mud and sand, and this is removed by means 
of a syphon; the subsequent filling consists of 
béton which is introduced through special locks, 
After the chambers of the caisson have been 
thus filled, the working shafts are removed, the 
cofferdam is pumped dry, and the masonry of the 
wall is continued; this part of the work being 
carried on in the open air is of quite an ordinary 
character, special care only being necessary that the 
faces of each section are absolutely in line. As 
soon as the wall is carried up to low-water level, 
the cofferdam is unbolted, raised, and shifted by the 
floating stage to be attached to another caisson, 

For those parts of the wall built in a cutting of 
the foreshore, a similar form of construction will be 
adopted, but the floating scaffolding will, of course, 
not be required. It is proposed to excavate the 
ground in short lengths to low-water level, to bring 
the caissous into their exact position, and then to 
proceed with the sinking, carrying up the masonry 
as the subsidence goes on. 

(To be continued.) 





CENTRAL AsIAN Raruway.—A despatch from St. 
pea my f says that Russia has completed a survey of a 
route for the proposed railway in Central Asia. 





TorPepo Boats.—Messrs. Yarrow and Co., of the Isle 
of Dogs, have just completed two torpedo boats for the 
French Government, which they delivered at Brest last 
week. Asa record of a long run for boats of this class— 
by far the longest that has ever been made yet—it may be 
mentioned thut they steamed the whole distance of slightly 
over 500 miles, that they were under way 34 hours, that 
a mean speed was maintained of 15 miles an hour. The 
consumption of coal was eight tons, which amount the 
boats are designed to carry without uiring a fresh 
supply. This gives 525lb. per hour, or 35 lb. per mile. 
The above data are important as showing that long dis- 
tances can be accomplished by small craft of the kind pro- 
vided an excessive speed is not required. Should a speed 
of 23 statute miles an hour be wanted, the consumption of 
fuel-would-be at the rate of 17 cwt. per hour, or 83 lb. per 
mile. The vessels were subsequently tried on their arrival 
at Brest for three hours’ continuous running at full speed, 
and were also tested for their turnitig powers, and in every 
respect they were found to exceed the best performances of 
any torpedo boat in the French Navy. 
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IMPROVEMENT WORKS AT THE PORT OF ANTWERP. 
MM, HERSENT AND COUVREUX, ENGINEERS AND CONTRACTORS. 
(For Description, see preceding Page.) 
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EARLY AMERICAN MARINE ENGINES. 





ENGINE AND BOILER OF THE RIVER STEAMBOAT “CLERMONT,” 1807. 
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ENGINE OF THE RIVER STEAMBOAT ‘‘ CHANCELLOR LIVINGSTON.” 


Some time since (see ENGINEERING, vol. xxv., page 72), 
we published drawings of an engine and boiler made by 
J ohn Stevens, in 1804, for propelling a small vessel; we, 
this week, give illustrations of two other early Ame- 
rican marine engines, the one being that of the Cler- 
mont, made in 1807, and the other the engine of the 
Chancellor Livingston, which was constructed at a some- 
what later date. Both these were designed by Robert 
Fulton, one of the great pioneers of steam navigation. 
In the admirable work called “A History of the Growth 
of the Steam Engine,” by Robert H. Thurston, the author 
gives some very interesting particulars, not only of these 
machines, but of their designer also, and of his later 
work. It is from this source that we obtain the infor- 
mation for the present notice. 

Robert Fulton was born in Lancaster County, Penn- 
sylvania, in 1765; educatéd as a watchmaker, he early 
developed both artistic and mechanical tastes, and, as a 
Protégé of Benjamin West, he came to England to study 








painting about the year 1785. This profession he aban- 
doned about eight years later for that of an engineer, es- 
pecially devoting himself to the construction of torpedoes 
and torpedo vessels, and later to the mechanical propul- 
sion of vessels. He found in Mr. Robert Livingston, 
who in 1801 was the American ambassador in France, 
one of his most valuable advisers and influential friends, 
and it was in or near Paris, that he made his first work- 
ing model of a side-wheel boat, which was experimented 
with on the Seine in 1802. This first experiment was a 
failure, the vessel giving way under the weight of the 
machinery, and another hull, 66 ft. long and 8 ft. beam, 
was built, and the engines placed in it. The first experi- 
ments with this vessel were made on the Seine in July, 
1808, when a speed of 44 miles,an hour was attained; 
the trial, however, attracted but little attention in France, 
and Fulton came to England in 1804, where he prepared 
plans for new engines that were constructed by Boulton 
and Watt, being completed in 1806, when Fulton returned 





to the United States, taking the machine with him 
Arrived there, he, in connexion with Mr. Livingston, who 
had also returned to America, built a boat 133 ft. long, 
18 ft. beam, and 9 ft. indepth; the machinery was placed 
on board, and the first trial trip was made in August, 
1807, between New York and Albany, the distance of 
150 miles being made in 32 hours by steam alone. The 
illustration above shows the engines fitted to this vessel, 
and made, as already stated, by Boulton and Watt; they 
had vertical cylinders 24 in. in diameter and 4 ft. stroke, 
the crossheads of the piston rods being connected to side 
levers attached to bell-cranks, which transmitted the 
motion, through gearing, to the paddle-wheels, which had 
floats 4 ft. long, and were immersed 2ft. The illustra- 
tion, as well as that of the engines of the Chancellor 
Livingston, are copied from Fulton’s own drawings. 
This was the inauguration of steam river navigation in 
the United States, and immediately after the trial trip 
just referred to, the Clermont plied regularly between 
New York and Albany as a passenger boat. In the 
winter of 1808 she was enlarged and repaired, and two 
other vessels were added to the service. In 1812, Fulton 
built the first steam ferry boat between New York and 
Jersey City, and the next year two more were constructed 
for running between New York and Brooklyn. They were 
twin boats with parallel hulls decked over, and could 
each carry eight vehicles, thirty horses, and 300 or 
400 passengers. They made the journey between 
New York and Jersey City in fifteen minutes, or only 
five minutes longer than the same journey requires to-day. 
Fulton’s most interesting work, however, was com- 
menced in 1812, when he designed a steam-propelled war 
vessel to have a speed of four miles an hour and to carry 
heavy guns, some of which were to be discharged below 
the water line. The time taken in the building of 
this vessel was remarkably short; her construction was 
authorised by Congress in March, 1814, she was com- 
menced the 20th of June following, and launched on the 
29th of October of the same year. This vessel was 
called Fulton the First, and the following are some of 
her particulars: She was 156 ft. long, 56 ft. wide, and 
20 ft. deep, and she measured 2475 tons. She was com- 
posed of two hulls placed parallel to each other about 
15 ft. apart, the space between being decked over. Her 
engine had a cylinder 40 in. in diameter and 5 ft, stroke, 
and steam was supplied from a copper boiler 22 ft. long, 
12 ft. wide, and 8 ft. high; the engine drove a wheel 
14 ft. wide and 16 ft. in diameter, and having an immer- 
sion of 4ft. The engine was placed in one of the hulls 
and the boiler in the other; the vessel was practically 
armour-clad, for the sides were 4 ft. 10 in. thick; and the 
spar deck was protected by musket-proof bulwarks ; she 
was armed with thirty 32-pounders and designed for 
firing red-hot shot. The trial trip of this, for that time, 
truly formidable vessel took place in July 1815, when 
she ran from New York to Sandy Hook and back, a dis- 
tance of 58 miles in eight hours, and at a subsequent trial, 
when the vessel was thoroughly equipped, her measured 
speed was 54 miles an hour. Robert Fulton did not live 
to see this triumphant conclusion to his important work, 
since he died on February 24, 1815. 


NEWFOUNDLAND.—We understand that the Govern- 
ment of Newfoundland have instructed Messrs. Kinipple 
and Morris, engineers of Westminster and Greenock, to 

on the drainage, and pre a scheme of sewerage 
for the town of St. John’s; this firm some time ago was 
‘ - in carrying out an extension of the water works 
. John’s. 
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NORTHERN TRADE PROSPECTS. 


Tue sudden display of animation in the iron trade of 
the North, and the very large increase in the prices of 
iron at a time when it was least expected, have given 
great interest to the consideration of the trading pro- 
spects of the North of England, It may be pointed out 
at first that though the increase is sudden in its ac- 
tivity, yet there have been for the last few months pre- 
monitory symptoms. There has been for some months 
a fluctuation in the stocks of pig iron in the hands of 
the makers—first a rise for a month or two, and then a 
fall ; and with this there has been a gradual briskness 
in some of the branches of the coal trade, so that at last 
the Northumbrian collieries have been fairly, and, in 
some instances, fully employed. But the circumstances 
under which the demand for iron from the United States 
developed itself gave the great impetus which the iron 
trade of the North has received, for it became manifest, 
when the output had been reduced to a lower amount 
than had been known for years, and when the stocks, 
though very heavy, had been brought down by the de- 
mand, that has now been reduced, from Germany. 
There was from such an addition to the demand a very 
large effect, and the stimulus which was thus given 
has not yet been lost, 

If the future prospects of the trade of the North were 
to be judged from present appearances, it may be said 
that these prospects would be judged of as only having 
the tokens of a partial improvement. In the coal and coke 
trades of the North there is a decided change for the 
better ; and the same remark holds good in regard to the 
crude iron trade and to its dependent industries; but 
there are not as yet the same full tokens in regard to the 
manufactured iron trade, nor to the iron shipbuilding in- 
dustries. There is a growth of the output at the iron 
and coal mines, and also at the blast furnaces, but there 
is not such a growth at the mills and forges nor in the 
iron shipyards. At the latter, indeed, dulness is now 
very marked ; at Stockton for instance, at the time of 
writing, there is not one vessel on the builders’ stocks 
—the usual number thus in course of erection being 
from six to ten. And it is a matter of notoriety that a 
very large amount of capital is idle in the closed rolling 
mills—an amount of capital which is not over-estimated 
at 1,400,0001., whilst a portion of the remainder of the 
capital invested in rolling mills is only partially pro- 
ductive. 

But we have to look beyond present appearances in 
estimating prospects. It is certain that the stocks of pig 
iron are being reduced further—the rate of shipment 
from the Tees ports of pig iron being nearly equal to 
the whole output of Cleveland at the present time. 
This large shipment is likely to continue at least for 
some time, and hence we may assume that there will 
be for the fuller output of crude iron in the North, a 
fairdemand. In the fuller output there is bespoken an 
enlarged production of ironstone, limestone, and coal, 
and it is more than possible that there will be with larger 
production of these, higher wages to the miners-—though 
probably not to any very great extent. As to the manu- 
factured iron trade, there are orders placed which will 
give more employment to the works still in operation, 
for some time to come, and some large works are 
quite full; but it does not appear probable at present 
that there will be any considerable addition to the 
puddling furnaces in operation. There is little or no 
present probability of the fulfilment of the prophecy 
of one of the old pioneers of the northern manufactured 
iron trade—to the effect that before the close of the pre- 
sent year all the now cold furnaces would be lighted 
up, though the tendency is in that direction, rather 
than in that of a further contraction of the output. As 
to the shipbuilding trades, the difficulty in regard to 
wages is the cause of the present extreme dulness, 
but this is answering the end of lessening the over- 
production of vessels which has forced down the freight 
market. With the removal of the labour difficulty, 
though work will not be so full as it was a year ago on 
the northern rivers, yet it seems clear that there will be 
recovery from the present extreme dulness, and in that 
recovery the marine engine factories and foundries will 
participate, 

In the subsidiary industries of the North there is less 
fluctuation, though the iron trades have suffered from 
the general dulness that has been known in constructive 
trades. Any improvement in these will be preceded by 
one in the great controlling industries of the North, and 
we have seen that this is to be expected, though slowly 
and gradually. The bounds which have been known in 
prices have here no justification, such as that which is 
a partial apology for the greater rise »rives in the iron 
trade in the United States have taken. These great 
fluctuations rily impede revival when the full 
effect is known, for it is clear that with pig iron at, say, 
2/. a ton a profit might be made on its shipment to 
America, which is not likely when prices have risen to 
2. 10s, per ton, and when a part of the demand for iron 
in the United States has been gratified. There is 
nothing to give ground for the belief that we shall have 
such “leaps and bounds” in prices. We can largely 
increase our output—nearly double it indeed; and in 
the largeness of the available resources we have a 
guarantee against such an effect of over speculation. 








But it may be pointed out that there is a probability that 
that capacity of production will possibly be more fully 
drawn upon in the future. Germany will in all meagre J 
have again to increase its demands for the cheap crude 
iron of Cleveland, and whilst the production of Scotland 
remains low, and the difference in price between the two 
districts lasts, with iron at a normal price, large ship- 
ments will be made there. Our home trade in iron shows 
strong symptons of revival, and that revival would 
cause a further inquiry for cheap pig iron. With ani- 
mation in the crude iron trade there will be fuller 
inquiry for the raw material, and more work for the 
miners; whilst so far as northern coal is concerned, the 
better days in store for the finished iron works will also 
contribute to briskness. In a sentence, the increase of 
prices in the North of England for both crude and manu- 
factured iron have made the trade profitable, and as 
these trades control other great industries, more re- 
munerative work in the North may generally be expected. 
The great resources of the North will be more drawn 
upon, but far from fully as yet, and what may be 
looked for is, then, larger, steadier, and more profitable 
trade, which in a future a little more remote may develop 
into still more enlarged dimensions. 








DEMENGE’S PORTABLE ENGINE. 

WE give, this week, on page 340 engravings of a port- 
able engine constructed by the Compagnie de Fives- 
Lille, on the plans of M. Demenge, this engine possessing 
several special points of interest. It is of the compound 
type, having one high-pressure and one low-pressure 
cylinder, both single-acting, as will be seen from Fig. 1, 
which also shows how the engine proper is mounted on 
the top of a boiler which is slightly inclimed when the 
engine is in its working position, but horizontal when it 
is being moved about from place to place. 

The engine and boiler are mounted on a single pair of 
iron wheels 4 ft. 7 in. in diameter and 7 in. wide on the 
rim, their axles being firmly rivetted to the boiler. A 
pair of removable shafts is provided and the total length 
of the engine including shafts is but 13 ft. 11 in., or 
6 ft. 63 in. with the shafts removed, so that it can be 
very readily moved about in confined situations. When 
in its working position the boiler is steadied by wooden 
blocks placed as shown in Fig. 1, tie-bolts keeping the 
front wedge block in place. 

As will be seen from Figs. 1, 2, and 3, the boiler at 
first sight resembles in many of its features a type long 
used on French portable engines, the front plate being 
connected to the shell by a bolted joint so that it is re- 
movable together with the furnace and tubes. The 
boiler, however, differs from the ordinary type in its 
axis being inclined instead of horizontal, and this inclina- 
tion—which is a special featare of M. Demenge’s arrange- 
ments—although apparently a very slight matter, enables 
important improvements to be made in the constructive 
details. Thus in place of the combustion chamber at the 
rear having to be of irregular form, to keep the top below 
the water line, it is cylindrical and fitted with aspherical 
end, its construction being thus simplified, while a 
greater area of tubeplate is obtained. With the boiler 
in its working position the front part of some of the 
tubes comes above the water line, giving a certain amount 
of superheating surface. 

The particular engine illustrated is rated as six effec- 
tive horse power, and the boiler is intended to evaporate in 
regular work 2201b. of water per hour at a pressure of 
seven atmospheres effective, or 103 lb. per square inch. 
The boiler is 5 ft. 11 in. long over all (including smoke- 
box) and the shell is 2 ft. 74 in. in diameter outside, 
There are nineteen tubes 2.76 in. in diameter outside 
and 2.52 in. inside, the average clear space between the 
tubes being 1.18 in. The total heating surface is 70 square 
feet and the grate area 1.72 square feet. The firebars 
are of wrought iron of trapezoidal section and coupled to- 
gether, while the bridge is formed of two wrought-iron 
plates kept comparatively cool by the current of air 
passing between them. The boiler carries a steam dome 
as shown. The construction of the smokebox and general 
arrangement of the boiler fittings are clearly shown by 
our engravings and will require no further explanation. 

The engine proper is shown in longitudinal section by 
Fig. 1, and in sectional plan by Fig. 4, and from these 
views it will be seen that the two single-acting cylinders 
are placed facing each other with the crankshaft between 
them. The engine only measures 3 ft. 3in. over all, so 
that notwithstanding the shortness of the boiler, there is 
room for it clear of the steam dome. The frame which 
connects the two cylinders is of a cylindrical form cut 
away at the upper part to give access to the crankshaft 
bearings which it carries, The frame is also continued 
downwards to form a base for the attachment of the en- 
gine to the boiler. 

The form of the pistons, to which the connecting rods 
are directly jointed, is clearly shown by Figs. 1 and 4, 
and we need only point out that the pins of which the 
connecting rods take hold are so fixed as not to allow of 
any steam leakage along them. The pistons are very 
deep, their depth exceeding their stroke, so that no part 
of either cylinder which comes into direct contact with 
the steam is brought into contact with the atmosphere. 
The piston and cover of the low-pressure cylinder have 








formed in their inner surfaces dovetailed recesses, in 


which lead plates are fixed with a view of reducing the 
internal condensation. Each cylinder is fitted with two 
lubricators, one a simple syphon lubricator delivering the 
lubricant at the upper part of the mouth of the cylinder, 
and the other fixed on the upper side of the cylinder at the 
middle of its length. The pistons are respectively 
5.9 in. and 7.87 in. in diameter, while the stroke is 4.72 in., 
and the regular working speed 300 revolutions per 
minute. 

The connecting rods, which are always in compression, 
are of cast iron, and abut on the crank-pin, the arrange- 
ment being clearly shown by Figs. 1 end 4. The slide 
valves of the two cylinders are diiven from a single 
eccentric, and the valve chests are so placed as to get 
short direct steam passages. Each valve is fitted witha 
back-plate forced up against it by the pressure of the 
steam, this back-plate having two openings in it corre- 
sponding to two ports in the valve. These two ports 
unite into a single port, which pierces the face of the 
valve, and through which the steam enters the port in 
the cylinder. The ports in the valve and openings in the 
back-plate have such relative positions that the admis- 
sion and cut-off of the steam depend upon the movement 
of the back of the valve past the openings in the back- 
plate, while the exhaust depends upon the face of the 
valve as usual. This arrangement of valve and back- 
plate, which practically gives a double-ported admission, 
will be familiar to many of our readers, as having been 
applied in a slightly different form some thirty years ago 
to locomotives on the London and South-Western and 
the Great Eastern (then the Eastern Counties) railways 
by Mr. J. V. Gooch. In the arrangement used by Mr. 
Gooch the double-ported admission was obtained by 
allowing the steam to enter through one opening in the 
back-plate communicating with a port through the valve, 
at the same time as it entered past the edge of the valve 
in the ordinary way. 

The eccentric gives motion to the slide valves by 
means of a kind of “ dog-crank” arrangement, the valve 
spindles carrying a cross slide fitted with cast-steel 
shoes or blocks in which the eccentric works. The parts 
of the cross slide are adjustable for’ wear. The valve 
spindle stuffing-boxes are fitted with metallic packing 
formed of rings made of a very hard alloy of antimony, 
the stuffing-boxes, however, also containing some soft 
ordinary packing for maintaining the lubrication. The 
glands are tightened up by the pressure of springs. In 
the engine under notice the steam is cut off at 0.6 of the 
stroke of the high-pressure piston, giving an effective ex- 
pansion of about threefold. 

The governor is very neatly arranged in a casing 
mounted at one end of the crankshaft as shown in Fig. 4. 
The weights, which are of peculiar form, are hinged to one 
side of this casing and have levers cast in one with them, 
and abutting against a steel pin which passes through the 
centre of the outer side of the casing, the arrangement 
being such that as the weights fly outwards radially the 
centre pin is forced outwards axially. The outer end 
of the centre pin bears against a lever fixed on the 
spindle of a butterfly valve which forms the throttle 
valve, this spindle also carrying another lever which 
carries an adjustable weight, this weight opposing the 
outward movement of the governor weights under the 
action of centrifugal force. 

As will be seen from our illustrations, and the par- 
ticulars we have given, M. Demenge’s engine includes 
many special features and bears evidence of having been 
carefully designed. 





German CoaL.—The exports of German coal are con- 
stantly increasing. More than 5,000,000 tons were ex- 
ported in 1878. 





LonDoN ASSOCIATION OF FoREMEN ENGINEERS AND 
DRAUGHTSMEN.—At the sitting of Saturday, November 1 
ome ies Gately iateeel aie Aenea ont 

@ paper iously illustrated wi i Ss, an 
prismoidal, ceattenal, and other lens lights), on ‘‘ Optics as 
Applied to the Illumination of Dark Localities.’’ The 
reading will commence at 8 p.m., and members and non- 
members alike are invited to be present, and to share in 
the subsequent discussion. Mr. Newton will preside on 
the occasion. 





THe MANCHESTER TIDAL NAVIGATION.—A meeting 
has been held in Manchester for the purpose of considering 
the expediency of the proposal for the construction of a 
tidal navigation for sea-going steamers between Manchester 
and Liverpool. At this meeting Mr. Hamilton Fulton, 
the engineer, explained the nature of the pagel, and 
stated that the h of the channel between chester 
and Liverpool would be about 36 miles. The minimum 
width of the navigation would be 200 ft. and the minimum 
depth at low water spring tides would be 10ft., or about 
2ft. more water than exists at low water over the bar at 
the mouth of the Mersey. A basin would be provided at 
the Manchester end of 81 acres with 16,000 lineal feet 
of well-constructed wharves, and all requistes for 
shipping accommodation on a large scale. The estimated 
cost of the undertaking is 3,500,000l. Mr. George Hicks, 
of Manchester, presented a statement as to the probable 
om which, stip i me ro gis a Na ef 2 aon 

roposed outlay. Owing e sev 
cw ham of Parliament and others to attend, the further 





consideration of the subject was adjourned.— Warrington 
Guardian. 
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NOTES FROM THE NORTH. 

Guiascow, Wednesday. 
Glasgow Pig-fron Market.—There was no market last 
Thursday on account of the occurrence of the Autumn 
Sacramental Fast Day. On the following morning the 
market opened firm at 3d. over Wednesday’s close, and im- 
proved 7$d. further. Towards the close, however, @ 
weakness set in, and the final price was the same as at the 
opening. The week closed 1s. 9d. per ton under the 
previous week’s close, but 2s. Sd. above the lowest figure 
accepted during the week. Business was done during the 
forenoon at 55s. to 55s. 6d. cash, and at 55s. 3d. to 
55s. 9d. one month, closing sellers at the highest figures 
and buyers 14d. less. In the afternoon prices touched 
55s. 74d., but thence receded to 55s. cash, and from 56s. to 
55s. 6d. one month, closing buyers 55s. cash and 55s. 44d. 
one month, and sellers 1jd. per ton over. Monday’s 
market was a little firmer during the forenoon, but prices 
gradually gave way, and the close was at the weakest point 
9d. under last week’s final quotation. Business opened at 
55s. 1}d., or an advance of 1}d., and thence improved to 
55s. 6d., but returned to 54s. 11d. cash, and from 55s. 9d. 
to 55s. 44d. one month, closing sellers at 54s. 11d. cash and 
55s. 7}d., and buyers near. In the afternoon there was a 
further reduction, from 54s. 104d. to 54s. 3d. cash, and 
the market closed with sellers at 54s. 44d. cash and 54s. 9d. 
one month, with buyers at 54s. 14d. cash and 54s. 6d. one 
month. The warrant market was again backward yester- 
day, and prices had a further decline in consequence of un- 
favourable reports from America regarding pigiron. The 
close of the day’s transactions was not at the lowest point, 
but still the final price was 1s. 9d. under that of the day 
revious, and 2s. 6d. under last week’s close. During the 
orenoon there were transactions at from 54s. 3d. cash and 
fourteen days to 52s. 9d. cash, and the market closed with 
buyers at 53s. cash and 53s. 44d. one month, and sellers 
1}d. over. Prices went down in the afternoon from 53s 
to 52s. 3d., recovering to 52s. 6d. cash, and from 53s. 6d. 
to 52s. 9d. one month, closing buyers at 52s. 44d. cash and 
52s. 9d. one month, and sellers asking 1}d. per ton higher. 
On Tuesday of last week prices got down to 52s. 9d., but 
there was an immediate recovery to 54s. It was stated 
yesterday that in consequence of the continued decline in 
prices, and the final quotation being 5s. below the sum 
fixed for the second advance of 6d. upon the wages of the 
miners employed by the ironmasters, that the latter were to 
meet to-day to consider a proposal to reduce the men’s 
wages by 1s. per day, thus leaving the men with the first 
advance of 6d. per day. The marketopened flat this forenoon 
when business was done at 52s. 3d. cash, but the price quickly 
advanced to 54s. cash, closing with sellers asking 53s. 104d., 
cash and 54s. 44d. one month, buyers offering 3d. per ton less. 
The afternoon market was also flat, and business was done 
at 53s. 9d. to 54s. 43d. cash, and at 54s. 7}d. one month. 
The feeling now prevailing in the pig-iron market is a very 
restless and uneasy one, and it is quite evident that a pre- 
judicial effect has been produeed upon the trade by the 
recent erratic movements of speculators in warrants. For 
the present consumers are My! bmp | holding off. The 

demand from America has en off to 

certain brands, and ont there prices have come tumbling 
down in Yankee fashion, just as the shipments from this 
country have been arriving. It is stated that there are 
still somewhere about 30,000 tons of pig iron at Glasgow 
under contract for shipment to America, and that it is 
questionable if all that quantity goes out within even the 
next two months. The Continental demand for pig iron is 
quiet, the home trade, however, though only creeping as 
yet, shows visible signs of improvement. t week’s 
shipments from all Scotch ports amounted to 22,945 tons, 
as compared with 8923 tons in the corresponding week of 
last year. There are now 93 blast furnaces in actual 
operation, as against 90 at the same time last year. The 
deliveries of pig iron into the public warrant stores were 
in large last week, and the total stock with Messrs. 
Connal and Co. up till Friday night amounted to 348,434 

tons, thus showing an increase for the week of 8769 tons. 


Institution of Engineers and Shipbuilders.—The first 
general meeting of the twenty-third session of the Institu- 
tion of Engineers and Shipbuilders in Scotland was held in 
the Hall of the Institution, Corporation Buildings, Dal- 
housie-street, last night. There was a large attendance, 
and Mr. Robert Mansel, the president, occupied the chair. 
Mr. R. 8. Newall, F.R.S., F.R.A.S., &c., Gateshead- 
on-Tyne ; Mr. James Tait, civil engineer, Wishaw ; and 
Mr. John Young, ironfounder, Glasgow, were elected 
members; and Mr. Jonathan L. Dean, pupil civil engineer, 
Glasgow; Mr. Donald M‘Taggart, foreman engineer, 
Glasgow ; and Mr. Wm. Willox, M.A., pupil civil engi- 
neer, were elected uates. The Institution Medal, 
awarded to Mr. Charles C. Lindsay for his paper on “‘ The 
Design and Construction of Partick Bridge,’’ read durin 
session 1877-78, and the Marine gineering Medal, 
awarded to Mr. James Howden for his paper on ‘‘ The 
Action of the Screw Propeller,” read during session 1877-78, 
were presented. The president delivered his introductory 
address, in the course of which he spoke in feeling terms 
of several eminent members of the Institution whose deaths 
had been recorded during the past year, including Mr. 
Charles Randolph, Mr. William Froude. F.B.S.; Mr. Robert 
Curle, shipbuilder ; Mr. Alexander Whitelaw, M.P., of 
the firm of William Baird and Co., Gartsherrie; and Mr. 
Robert Steele, shipbuilder, Greenock. He also discussed 
at some length, and in continuation of the remarks in his 
first presidential address, the question of Force and 
Energy, and endeavoured to show the true meanings 
which those terms should convey to the mind. A paper 
me ee. Ce. by mil gg ig Jun., on “A 

w and Pe ompoun: ction Piston Packing,” 
which excited an interesting discussion. ’ 


Dock Extension at Burntisland.—With the view of 
viding further dock accommodation, the Harbour Com- 


small parcels of | wall 





mittee of the Burntisland Town Council have agreed to re- 
commend that borrowing powers for a further sum of 
30,0002. be applied for in the ensuing session of Parliament. 


The New Dock Works at  Srenquent, — Tape Jani 
last excavations have been ied on at the Grangemou' 
dock works by day and night, with the result that above 
the entrance lock a large portion of the ground to be 
hollowed out for the new docks has been removed. The 
wall which is to bound the dock on the south stands com- 
pleted, with the exception that the granite coping has yet 
to be placed on it. The foundations of the north wall are 
laid, and the erection of the north wall itself is rapidly 
going on. A good deal of time and labour have been ex- 
pended in the formation of the dock entrance, but under 
careful supervision this part of the work has also been 
successfully grappled with. ing the timber basin, 
it is to be situated at the extremity of the new docks, which 
will have a depth of 8 ft., will be connected with the canal, 
whose waters will run through a part of it and give an 
additional depth to the basin of 7in. in the channel through 
which they will flow. A complete network of railroad 
covers the entire area, and several locomotives are kept in 
continual activity. Steam navvies, steam hammers, and 
stationary engines, together with various other kinds of 
machinery, are seen at work on all sides, while manual labour 
is represented by several hundreds of workmen, masons, 
joiners, and labourers. some stone and brick struc- 
ture, in which will be placed the powerful h; lic machi- 
nery for working the locks, has been erected, and is all but 
in a state of completion. 


The James Watt Dock, Greenock.—On Friday of last 
week, Mr. John Waddell, Edinburgh, the contractor for 
the great undertaking which is to be called the James 
Watt Dock, at Garvel Park, Greenock, took a very large 
party of gentlemen over the new works in which he has 
now for several months been actively engaged. In addition 


*| to the harbour and municipal authorities of Greenock, and 


the leading officials, there were present a very la 
number of the most eminent contractors in Scotland. The 
object was to inspect the works generally, and more speci- 
ally to witness the manner in which the excavations are 
being conducted by the aid of four steam navvies. The 
visitors generally were hy 4 much surprised and delighted 
with what they saw, and they heartily complimented Mr. 
Waddell on the success which was attending his great skill 
and enterprise. A luncheon was given by that 
in Garvel Park Mansion House, at which several interest- 
ing speeches were made, particularly one by Mr. Kinipple, 
the engineer for the works. 


The Railway Works at Oban.—These works are pro- 
gressing apace. On the Dalmally and Taynuilt section a 
considerable portion of the permanent way has already been 
completed. Although the Taynuilt and Oban section is 
not quite so far advanced, all the heavy work has been got 
through, and before many months are over something like 
completeness will have been attained. The branch line 
and harbour works in the hands of the Messrs. Watson 
are being pushed vigorously forward. j qua; 
are getting into form. The sub-contractor for the 
——— of the station buildings has also got his men busily 
at work. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Spming of Firth College.—On Monday last the Firth 
College, Sheffield, was formally opened by Prince Leopold 
in the presence of a brilliant assem . The college has 
been built at the expense of Mr. Mark Firth, of Sheffield, 
at a cost of 20,0001., and by him handed over to trustees 
for the benefit of the town. It forms a portion of a large 
group consisting of the —— the School Board offices, 
and the great central school, all of which buildings are 
after the pom of Messrs. Flockton and Gibbs, of Sheffield, 
and Mr. E. R. Robson, F.S.A., of London. The style of 
building was suggested by the Clare College, Cambridge. 
The principal apartment is the great lecture hall, in which 
the opening ceremony took place. It is a plain hall, with 
low side galleries and well lighted from the ceiling. 
Throughout the work there is an absence of lavish orna- 
ment, and the whole style is one of substantial neatness. 
In the spandrels over the principal doorway are figures, 
a science and art, from the chisel of Mr. Onslow 

ord, of Blackheath. It is pro to form an endow- 
ment fund amounting to 25,0001. Of this some 15,500l. 
eae subscri already, Mr. Firth contributing 








South Yorkshire Colliery Owners and the New Railway. 
—A ting of the pri 1 colliery owners of South 
Yorkshire was held yesterday at Barnsley to consider the 
Hull and Barnsley Railway scheme. Nearly ascore of the 
largest collieries in the district were represented. Colonel 
Smith after describing the project said they proposed to 
poe new dock accommodation at Hull and appliances 
or shipping 14,000 tons of coal per day. The meeting re- 
solved that the new line, with its dock and shipping ap- 
pliances, so as to place the South Yorkshire coalfield on an 
equality with the ports of the Tyne, was a pressing neces- 
sity, and pledged itself to support this scheme. 

Profits of Lead ing.—A meeting of lead miners has 
been held at Bradwell for the of considering their 
position and inviting ‘‘ bu ’ tocome amongst them. It 
was stated that with lead at only 171. per ton the present 
monopolists made a handsome oe a Thus, 26 cwt, of 
lead ore would yield one ton of lead; one ton of lead at 
present price of ore 101. 19s. ; cost of coal to smelt it, 10s. ; 
wages, 6s.; carting of ore, 5s.; carriage of lead to Man- 
chester, 10s. ; s' , 5s. ; total cost of one ton 
of lead, 121. 15s.; which at 171. per ton would leave a 
profit of 41. 5s. per ton. 

Proposed Diversion of the River Hull.—A very curious 


ntleman da 





scheme is before the Hull authorities in connexion with the 
Beverley and Barnston drainage. It is to divert the River 
Hall ut a quarter of a mile above Stoneferry, and 
make a navigable cut of sufficient breadth and depth to 

vessels such as at present navigate the river; what 
is called the Old Harbour is to be constructed into a float- 
ing dock. The estimated cost of the scheme is 230,0001. 
exclusive of the land required. 


Trade.—The improvement recently noted in the iron 
trade is maintained. Hematite pig is quoted 82s. 6d. to 
83s. per ton. The blast furnaces in the district are fully 
employed. Bessemer steel manufacturers fully engaged on 
all classes of railway material, both for home and colonial 
consumption. 





NOTES FROM THE SOUTH-WEST. 


The Severn Tunnel Works.—A new shaft is being sunk 
on the Sudbrook Farm, near Portskewet, in order to 
facilitate the pumping out of the water which has flooded 


the works of the Severn Tunnel. The task will be one of 
no ordinary difficulty. 

The Forest of Dean.—The improvement in the coal 
trade in this district is maintained, and mention is made of 
a probable advance in quotations on the 1st prox. At the 
present time summer prices prevail ; and, inasmuch as in 
many inst these reached a minimum not within re- 
membrance, an advance will be acceptable and necessary. 
The better condition of the iron trade in other districts is 
making but little perceptible difference here in the output 
of iron, the preapess of re-blowing in at Parkend or 
Sewdley wena still apparently remote and doubtful. For 
tin’plates the demand continues good, and the manufactories 
are once again in full operation. 


The Marshfield Works, Llanelly.—These works, which 
have been a long time idle, have been purchased by Mr. R. 
Nevill, Mr. B. Morris (son of Sir John Morris, Bart.), Mr. 
J. Jenkins, and Messrs. Harrison, Smith, and Forster, of 

w-in-Furness. Two of the mills will be put in opera- 
tion at once, and it is expected that the whole of the works 
will be in action before the close of December. 


Oyfarthfa.—The Cyfarthfa Iron W orks, Merthyr, which 
have been closed for five years in consequence of the de- 
pression in trade, were reopened on Monday. The occa- 
sion was one of general rejoicing, and is looked upon as the 
wn of prosperity to this district. It may be interestin 
to known that the first rail order to be worked off is a sho 
rail about 460 tons per mile. The conveyance of the iron 
will be, as in past times, by canal, and for the better 
passage of the heavily laden canal boats, the canal is being 
cleared out. The proprietary have a fine range of coke 
ovens which will also be put into work, the coal used being 
supplied by Messrs. Baddoe, of Liancaiach. The first fur- 
naces put into blast will be those near the office. 


Tron Shi: ts from Cardiff.—The exports of iron 
from Cardiff last week were: on , to Baltimore, 1400 
7m, 


tons, by Messrs. Ropner and ; to New York, 





pany 
¥ | 500 tons, by Mr. E. J. Howard ; to Port Adelaide, 693 tons, 


by Messrs. E. Jones and Company; to Yatsdad, 650 tons, 
and to Genoa, 500 tons, both by the Dowlais Iron Com- 
pany. Pig, to Amsterdam, 250 tons, by Messrs. Guest and 
Company ; total, 3993 tons. 


Trade Prospects at Fleur-de-Lis.—A new trial pit is 
being sunk by the Wi ld Colliery Commas in the wood 
near Glan Ramney Drift, not far from the ‘oed Sta- 
tion, in search of coal. The Old Place Colliery, at Pengram, 
which was closed a few years since by the owners, the 
Messrs. Prothero’s trust, is being reopened by Messrs. 
Price and Evans, who, it is rumoured, wi 
shortly to sink a pit below the Gilfach Colliery for the coal 
under the “‘ fault.’’ . 


Coal Contract.—The London and South Wales Coal 
Company have secured a contract for the supply of Risca 
coal to the Royal Mail Steam Packet Company. 


The Welsh Coal Trade.—We learn on the authority of 
one of the leading coalowners of South Wales and Mon- 
mouthshire that an order has been secured at an advance of 
6d. per ton. This amount, though small, indicates em | 
the course of affairs, and shows that the Teo 
turn in the Welsh coal trade has at length en place 
Coke, best brands, has advanced 1s. per ton. Extensive 
building is forthwith to be carried out at Harris’s Naviga- 
tion, and 400 houses are to be built at once at Penrhiwceiber, 
near Mountain Ash. 


Gas at Bristol.—The new works erected by the Bristo 
Gas Light Company at Stapleton are now finished, and in 
fact gas is being manufactured at them, operations having 
commenced on Monday. Bristol has grown so rapidly that 
these new works were —— a matter of necessity. The 
old works in Canon’s Marsh and St. Philip’s were found 
uite insufficient to meet the growing demand for gas, and 
the consequence was that the directors had to take imme- 
diate for supplying a demand which was becoming 
more more pressing. Fortunately they were able to 
secure about 40 acres of land at Stapleton, and this has 
enabled them to lay out and build new works. At prosent 
only a sixth 4 of the plan has been completed, but it is 
so arranged that if the demand arises the other sections 
can be added. The plan of the works was prepared by 
Mr. Walter Fiddes, C.E., the engineer of the company. 

Rhymney Iron Comp (Limited).— No. 6 blast 
furnace at the Rhymney 4 Works, has been blown in, 
and will em a large number of men. Preparations are 
also being e for blowing in No. 5 furnace at once. 





Routine Stock 1n Iraty.—MM. Galopin, Sue, Jacob, 
and Co., of Savona, have obtained a contract for 200 
covered trucks of 12 tons each, for the Upper Italy Rail- 
way. The contract price is 152l. per truck. 
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DEMENGE’S PORTABLE ENGINE. 


CONSTRUCTED BY THE COMPAGNIE DE FIVES-LILLE, FROM THE PLANS OF M. DEMENGE. 
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NOTICE OF MEETING. 
PHYSICAL SOCIETY.—Saturday, November 8th, at3p.m. “Ona 
Standard Cell,” by Captain Armstrong, R.E. 


ENGINEERING. 


FRIDAY, OCTOBER 31, 1879. 














THE ART OF REFERENCING. 

Tus being the witching time of year when 
engineers bring forth and place upon a practicable 
footing the various schemes requiring Parliamentary 
sanction with which their brains have long been 
teeming, the present may not be an inappropriate 
opportunity for making a few observations upon 
the above vocation and those who practise it, the 
brain of the engineer being the source from which 
they derive vitality. 

Gloomy November has its historical and tradi- 
tional associations, such as Guido Fawkes, the Lord 
Mayor’s banquet, and the intensest fogs which this 
eminently foggy country is capable of producing, 
but to the referencer it possesses a great redeeming 
brightness, it in fact comprises the entire term of 
his existence, in it he lives and moves and has his 
being, and on the 30th of the month he (in a 
business point of view) expires. 

Our professional readers are well acquainted with 
referencing in all its phases, but to the uninitiated 
both the calling and its followers are probably alike 
mysterious and require explanation, which may be 
briefly furnished as follows. 

When the applications to Parliament for railway 
Bills became numerous and every deposited plan re- 
quired a corresponding book of reference, the call 
for people competent to supply the latter became 
80 great as to create what may in compliment to 
those who practise it be styled a new profession 
under the title of referencing. 

The railway mania (1844 to a the period at 
which referencing may be said to have culminated 


into an art. Up to that time a knowledge of the 
work had probably been confined to surveyors 
and estate agents, but the kind of life it involved 








and the emolument it yielded appeared then so 
enticing that the old adage ‘with the occasion 
comes the man,” was amply verified in this instance, 
and idlers from — calling to which reading and 
writing are essential flocked to the referencing 
works. Much of the glory then attending it arose, 
however, from novelty, and has now departed, 
although the occupation still contains enough of the 
Bohemian element to render it attractive to some 
spirits, but the £ s. d, portion of it has assumed the 
same decorous and economical aspect as characterises 
other English pecuniary matters. Referencing as 
regards Parliamentary Bills consists in compiling a 
book containing a a of the property within 
the limits of deviation shown upon the plan of the 
work proposed to be authorised, together with the 
names of the owners, lessees, and occupiers of it. 
The most important branch is that relating to Rail- 
way Bills, with which we intend exclusively to deal, 
but it may be noted in passing that all reference for 
Parliamentary Bills is similar in character, though 
sometimes differing slightly in detail. 

As arule the work is undertaken in couples, that is 
one man takes the plan the other the book, but 
some old stagers prefer to do it single-handed. 
Country~reference to be thoroughly sifted and 
accurately completed, seldom averages more than a 
mile a day throughout to one set of hands, but the 
details and intricacies attaching to London work 
defy all limits of that kind, and must be estimated 
by the locality in which it is situated ; for instance, 
that portion of the Inner Circle Completion Line of 
last year which is to extend from the Mansion 
House to Aldgate was only one mile one furlong in 
length, but it passed through twenty-three different 
parishes, and included 526 separate houses or other 
properties, 

he inquiries necessary to be made about every 
particular property constitute the hardest part of 
referencing. In country work a journey of five 
miles is sometimes requisite to procure a piece of 
intelligence which can be compressed into half a 
dozen words, and even then numerous slips between 
the cup and the lip often occur before the informa- 
tion is ultimately obtained. 

But in London these difficulties are enormously 
multiplied, for to one house in such a thoroughfare as 
Cannon-sireet there may be half a dozen owners, 
three times as many lessees, and thirty occupiers. 
In order to substantiate the reference before the 
Standing Order Committees of both Houses of 
Parliament (if the Bill is opposed on technical ob- 
jections) and prove that due diligence was used in 
endeavouring to obtain the particulars required, the 
promoters of the Bill must be able to show that sepa- 
rate inquiry was made of these 54 people, and the 
agent or solicitor, any one among them, might refer to 
multiply that labour by the 526 ag org mentioned 
as scheduled for the Inner Circle Line, and a notion 
may be formed of what preparing a book of reference 
for a London railway sometimes involves, 

Three prominent impediments to locomotion in 
country work are parish boundaries, wide streams, 
and large woods ; the boundaries are best checked 
by the parochial rates levied upon the particular 
property through which they run, which is the surest 
index to the parish the land belongs to, but the 
streams and woods must be — somehow. The 
time occupied in achieving this, unless provided for 
beforehand, is often tantamount to a mile of straight- 
forward work. When the referencer sees these rocks 
ahead upon his plan he will do well to make arrange- 
ments for meeting them before leaving his inn in the 
morning. : 

There are, however, many minor difficulties to be 
encountered, conspicuous among them being a strict 
prohibition not to enter certain land upon the route 
of the line, the ee of — is determined Py 
oppose the proposed railway by every means in his 
aaaen, po a feudal proclivities impel him to 
adopt this course.as one of them. ; 

It is stated before Parliamentary Committees 
regularly every year that nothing improves propert, 
so much as bringing a railway into proximity wit 
it. The last person capable of appreciating this view 
of the case appears to be the landowner himself. The 
consequence is that he is often up in arms against 
the engineers, who thus voluntarily interest them- 
selves in his behalf, and summarily orders them and 


| the referencers off his land. This clever proceeding 


defeats its own object in two ways; in the first place, 
it would most probably be a sufficient excuse to the 
Standing Order Committees for any error that 
might arise in consequence of it, but principally 
because, so far at the referencer is concerned, the 


fact of being ordered off shows the referencer 
that the property belongs to the individual from 
whom the prohibition emanates, and enables him to 
schedule it accordingly. 

Simplicity of style in describing property is of 

aramount importance, the opposite course being 
fighly calculated to bring the work to grief ; for 
instance, such a description as ‘‘ grass field, stone 
quarry, and cowshed,” might involve three errors if 

e titles mentioned were inaccurate, whereas ‘‘ field, 
pit, and building,” would cover all that is requisite. 
Again, ‘“‘ house and garden” is quite enough for all 
that could be included in ‘‘dwelling-house, shop, 
outbuildings, yard, garden, and premises.” The 
point which the referencer should keep in mind is 
that so long as the number on the plan covers the 
_— he is describing that is all he has to deal with, 

tly, upon this head we would bid the referencer 
remember there are two kinds of allegations in a 
memorial before the examiner, one being public, 
for which anybody may sign, the other private, and 
requiring the signature of the party affected. De- 
scriptions of property are included in the first class. 

Another evil to which the work is exposed is the 
short time generally allowed for completing it. 
Nobody works er or faster than railway en- 
gineers when they can get work to do, but even 
their powers are limited, and thus it frequently 
happens that what might have been effected by one 
set of referencers, if time had permitted, has to be 
divided between three or four, so as to insure its 
completion. It is decidedly preferable to confine 
the work as much as possible to a few hands, be- 
cause in the event of opposition on Standing Orders, 
the expenses of witnesses to substantiate the 
reference are a great consideration. 

The omnipotent point, however, in referencing 
calculations, before which all others pale, is the 
weather ; a fine frosty morning puts life and spirit 
into the work, but an umbrella forms no part of 
either an engineer’s or a referencer’s equipment, rain 
consequently prostrates both of them. Fog is 
equally bad, so in making arrangements and calcu- 
lations for completing work this element requires 
to be prominently borne in mind. 

Having now dealt with what is included in 
referencing, we will devote a few words to the class 
of persons who follow it as a vocation. There are, 
of course, degrees of proficiency among these as in 
every other calling, but for the present purpose 
je may be divided into two classes, the spry artist 
and the plodder ; the first is he who takes the plan 
and, in fact, directs the whole affair, while the 
second takes the book and notes down what his 
superior dictates. 

One advantage in adopting referencing as a pro- 
fession is that it requires no capital to start with 
the stock in trade is ae by the employer, an 
consists of a book and a blacklead pencil; thus 
equipped the referencer is ready to commence 
business with equal indifference as to whether his 
work is located in the parish of Bloomsbury or the 
confines of Scotland ot indent. 

Shortlived as the referencer’s existence is, it 
brings him into contact with all sorts of people, and 
affords ample opportunity for the study of his fellow 
man if he chooses to avail himself of it, As regards 
country work the first object is to provide himself 
with a guide acquainted with the district, and with 
the names of the tenants occupying the jand he is 
about to traverse; the choice of this individual 
ranges between agricultural labourers out of em- 
—— professional mole-catchers, rat-catchers, 
and poachers, the guiding star to their whereabouts 
being the village inn, while their capabilities are 
purely matters of speculation ; it may, however, in- 
variably be taken for granted that to them the 
world ends at their parish boundary ; the district 
beyond that is as foreign to their intelligence as if it 
were on the other side of the English Channel. 

These humble individuals undoubtedly require 
management to properly develop their faculties, but 
skilfully handled may be useful and amusing com- 
panions, and as the referencer has mainly to depend 
upon them for his primary information, as well as 
to enliven the tedium of his work, it is his interest 
to make the most of them. The professionals are 
decidedly preferable, business requiring them to 
practice a sort of sauviter in modo, which removes 
them out of the labourer’s groove ; their anecdotes 
turn principally upon the instincts of animals, but 
the poacher has ever an eye to business; those 
furtive glances of his are big with the subject of 
game, he is, in fact, ing an opportunity to ask 





whether his patron would like to invest in that line, 
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The best way of avoiding complicity in a breach of 
the commandment is to suggest his dealing with the 
landlady of the inn; faili 8 that, it becomes a 
question of conscience versus lust. 

The guide in each parish furnishes first the names 
of the occupiers of the land, and then takes the 
referencer to them, which brings him into contact 
with a set of beings — according to the lo- 
cality in which they are found. 

Some farmers are hospitable by nature, but many 
are so perforce, or upon the reciprocity system of 
payment for what is supplied; this latter practice 
arises from the farmers’ aversion to public-houses 
as a snare to their labourers ; and in districts where 
the custom prevails strangers are invited to partake 
of the meal which happens for the time being to be 
pending, but in the course of doing so receive a 
pretty broad hint as to the basis upon which it is 
supplied. 

e referencer, in the course of his perambula- 
tions, is doomed to hear much wisdom and receive 
many valuable hints in connexion with the work he 
is engaged upon, it being the inflexible opinion of 
every owner and occupier he comes into contact 
with, that although the proposed line is admirable 
as a connecting link between the two termini, it has 
tuken a wrong direction in passing through his 
land. Information of this description may have its 
value if some one would take the trouble to analyse 
it; but it certainly, to the impartial observer, 
presents this drawback, that if acted upon early in 
the railway history of this country, the present 
system would be a perfect blank, 

In all parts of the country allotments of land to 
poor people are to be found, and as the referencer 
approaches a town or large village he will find much 
land let out in small patches. These kinds of 

roperty are difficult to obtain information about, 
Put they introduce him to the agricultural labourer, 
a being who is, and has now for some time past been, 
occupying a considerable share of public attention. 
If we in his normal condition, he is harmless and 
civil enough, but viewed in his popular character of 
legal inheritor of the soil, he isa out of water, 
and acts as such. 

The referencer also, when he enters great trading 
localities, makes acquaintance with that other 
political enigma, the working man as defined by his 
admirers. It is a noticeable fact in passing from 
rural to manufacturing districts that the poorer 
classes of the former are more cleanly and better 
behaved than the latter. There can be little doubt 
but that the thrifty farmers’ argument as to public- 
houses before alluded to is at the bottom of this. 
The noble savage of whom it has somewhere been 
said that nature made him a man, but civilisation 
turned him into a beast, is largely represented in the 
manufacturing districts of this kingdom. 

At the bottom of the social grade the referencer 
encounters the miner with his grim aspect and un- 
couth demeanour, but who still induces sympathy 
by his dangerous and unwholesome means of earn- 
ing a livelihood, and who taken for all in all is 
nothing like so black as he is often painted. 

Every one coming into contact with these three 
latter sections of the genus homo upon the familiar 
terms which the referencer does, will probably admit 
that the maxim of ‘‘ Heaven preserve us from our 
friends and we will protect ourselves against our 
enemies,” can scarcely receive better illustration 
than in their respective cases, 

The final though not least consideration to the 
referencer is the selection of quarters ; in continuous 
work two nights are about the utmost he can devote 
to one inn, and it, therefore, behoves him to choose 
it at the most convenient place available. 

The house should never be at the commencement 
of the work, but if practicable about three miles 
ahead ; this enables him to clear up casual inquiries 
on his road out and home and to make arrange- 
ments overnight as to guides in the intervening 

ishes. As regards comfort there are many 
Fittle boxes strewed about the ng Fr wags 
by huntsmen and shooting parties. which may be 
safely relied upon, the inns, too, where magistrates 
meet or farmers’ local clubs are helc generally pro- 
vide good larders, but under any circumstances the 
referencer must banish fastidiousness and make u 
his mind to rough it in this respect, and once settl 
in this happy frame of mind he will soon become 
used to his fare and well pleased with it, 


Collaterally with inns naturally comes the sub. 
ject of vehicles, although the referencer’s experience 
under this head is not alw 


carriages, but ranges thro 


8 confined to licensed 
every description of 





conveyance on wheels that the ingenuity of man 
has invented, and he must accommodate himself to 
a farm cart without springs, and thank his stars 
that Providence has vouchsafed even that rickety 
machine to him in a district where it is the only 
alternative to travelling from fifteen to twenty miles 
on foot. 

And now, trusting that some of our remarks upon 
this humble branch of Parliamentary private busi- 
ness may prove useful to those whom they concern, 
we take our leave of the subject. 








THE TEMPERATURE OF THE CARBON 
POINTS IN THE ELECTRIC LAMP. 
Earty in the development of the electric light a 

difference was observed in the appearance of the 
two carbon terminals, The positive was blunt and 
hollowed out in the centre; the negative was 
conical, pointed, and covered with the particles dis- 
integrated from the positive. This, together with 
the difference of brilliancy noticed when the image 
of the carbons was projected on a screen, led to the 
same conclusion, viz., a difference of temperature 
between the incandescent points, 

In 1844, Foucault and Fizeau wrote a paper upon 
this subject in which they described the general 
phenomena, but gave no data from which the heat 
condition of the two poles could be inferred. It 
was not until 1862 that any careful measurements 
were made, In that year, the late M. Becquerel 
made a series of experiments on the temperature of 
the positive carbon. The current was supplied by 
a battery of 80 middle-size Bunsen cells, and the 
temperature was taken at the moment the light 
flashed forth. M, Becquerel concluded that this 
temperature was not constant, but that it varied 
between the limits of 2070 deg. C. and 2100 deg. 
C. Unfortunately an assumption was made b 
the French physicist which has since been disproved, 
and hence the above figures have not been generally 
accepted. 

It may be remarked that this determination is 
beset with considerable practical difficulties. The 
radiating surface must be small, a mere slice of the 
glowing carbons, and yet it must be measured with 
great accuracy. osetti, an Italian physicist, 
who has been following up the work begun by the 
late Professor Henry and Father Secchi on the 
temperature of the various parts of the solar disc, 
has recently applied his method to this electric 
problem. He Tas found that the temperature of 
the incandescent carbons, at the moment of ignition, 
is not the same throughout and is effected by a 
variety of circumstances, ¢ey., the thickness of the 
terminals, the number of cells in the battery, the 
way in which they are ae together, and the 
time they have been charged. 

Thus in one series of experiments, the temperature 
of the positive terminal was found to be 2980 deg. 
C. By using a thinner terminal, it rose to 
3065 deg. C.; and by changing this for a third of 
still smaller dimension, it reached 3136 deg. C. 

The effect of the number of cells in the battery on 
the temperature is shown in the following Table : 


Number of Cells. Temperature. 
80 2784 deg. C. 
70 2536 Po 
60 2334, 
50 2190 9 


Foucault showed photometrically that the light 
produced by a battery of 80 Bunsen cells lost one- 
third of its intensity in less than three hours. Hence 
M. Rosetti was obliged to make a large number of 
determinations including all the varying conditions 
above mentioned before he could arrive at any very 
definite conclusion, In every case, however, he 
found the temperature of the positive pole higher than 
that of the negative; and, summing up his experi- 
ments, he concludes that the temperature of the 
positive carbon _— cannot be less than 3200 deg. 
C. whilst that of the negative is at least 2500 deg. C, 








THE HALIFAX BOILER EXPLOSION. 

On Thursday, October the 9th, a serious and very 
fatal boiler explosion occurred at Halifax, under 
circumstances which call for some comment. The 
accident took place at the work of Messrs. Balme 
and Pritchard, stuff finishers, the exploded boiler 
being the end one of a group of four, all of similar 
construction. The general arrangement of these 
generators will be understood from the somewhat 
imperfect sketches on page 348. The exploded boiler 





ine to all four the same description applies) was 
O ft. 4 in. long, and 7 ft. in diameter inside. It 











contained an internal flue consisting of two tubes 
each 2 ft. 74 in. in diameter, which were connected 
by a U-shaped section near the front end. The ends 
of the tubes passed through the back plate, one of 
them serving as an inlet for the heated gases, which 
passed along the whole length of the flue, returning 
along the other tube which opened into the uptake, 
The boiler was externally fired, and was not set in 
the brickwork, but was suspended from girders laid 
on the top of the setting. The plates of the shell 
were specified to be } in. thick, and those for the end 
to be # in., and there appears no reason for supposing 
that in this respect, nor in regard to — or work- 
manship, any deficiency existed. The arrangement 
for internal staying will be gathered from thesketches 
above alluded to. The upper part of the end plates 
was secured to the shell by six angle-iron and gusset 
stays, and a little below the centre line, by two 
similar stays marked land 4. The lower part of the 
plate was not stayed atall to the shell. There were 
however, certain attachments between the U end 
of the flue tubes and the end plates as follows: 
underneath the flues there were the stays marked 
2 and 3, consisting of a horizontal plate extending 
across, and rivetted to the two flues, double angle 
irons were rivetted to the plate, and a web ex- 
tended from each pair to the end plate, where they 
were rivetted up to angle irons as shown. Stay 5 
was made up of angle irons and a plate, between 
the end of the U and the end plate of the boiler. 
Similar angle irons for a similar stay 6 were 
also on the U tube, but the stay does not ap- 
pear to have ever been put in. Finally, there was 
a hanging stay from the top of the U tube to the 
boiler shell. It will thus be seen that while the 
upper part of the end plate was well supported, 
the lower half was not only unstayed but was ex- 
posed to the constant strains arising from the ex- 
pansion and contraction of the flues through the 
connexions 2, 3, and 5. One of these (3) had been 
apparently harmless for some time, as it had yielded 
— to the explosion, but doubtless it had already 

elped to place the boiler in its highly dangerous 
condition. This and the other boilers were made 
in 1871 by Messrs, Savage and Norton, of Halifax, 
to conform with a general specification supplied by 
Mr. J. W. Balme, one of the partners of the firm 
owning the works when the accident occurred. 
From the time of their installation they had been 
insured for 100/. each with the Manchester Boiler 
Insurance and Steam Power Company, by whom 
an external examination had been made only a few 
days before the accident; this report was satis- 
factory, though how it could have been so it is 
difficult to understand, since the boiler was covered 
with non-conducting coating. 

The explosion occurred, as already stated, on the 
morning of Thursday, October 9, when there was 
a pressure of about 45 lb. of steam in the boiler. The 
lower and unstayed half of the front end plate was 
rent away, tearing the stays 1 and 4 and partially 
some of the upper stays, as well as the connexion 
between the plate and the U end of the flue. The 
force of the explosion projected the boiler from its 
setting for a distance of 102ft., and after passing 
through one of the workshops it was es by 
striking the angle of a house. The works were 
converted instantly into a ruin, not only the boiler- 
house but some of the principal shops and machinery 
being entirely destroyed, and unfortunately six 
lives were also sacrificed, including those of Mr. J. 
Pritchard, the senior partner of the firm, and 
the manager of the works. 

The official inquiry into this catastrophe was not 
by any means a difficult one. The cause of the ex- 
plosion, so far from being obscure, was obviously 
due to the absence of staying in the lower part of 
the end plate, which was still further weakened by 
the strains set up in it by the conaexions with the 
flue. But one fact of exceptional importance was 
elicited at the inquest, namely, that the last internal 
inspection of this group of dangerously constructed 
boilers was made on June 17, 1875, nearly 44 years 
ago, although they were under the charge of a re- 
sponsible company, whose obvious duty and ap- 
parent interest it is to properly inspect all boilers 
under their charge. Such a neglect as this merited 
even more than the strictures passed both on the 
owners and on the insurance company by the jury, 
and it is clear that the reason urged—that the owners 
always raised difficulties in the way of internal in- 
spection—could not justify such neglect. It must, 
or should, have been obvious to the engineer of the 
Manchester Insurance Company that the boilers 
were structurally weak, and that if they accepted 
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them at all, they were bound to exercise especial 
watchfulness over them ; and, in the event of oppo- 
sition to proper inspection on the part of the owners, 
to decline further risk. 

This is another illustration that insurance and 
efficient inspection do not harmonise. We are very 
far from supposing that any boiler insurance com- 
pany would deliberately prefer the risk of possible 
explosions to the cost of frequent inspections, but iu 
an association of this nature, established to make 
money, the criminal folly of an owner in placing 
obstacles in the way of inspection, is more easily 
accepted as an excuse, than if its object were that of 
securing life. That the Halifax juryjfully appreciated 
this is shown by the concluding sentence of their 
verdict. ‘‘ They are further of opinion that some effi- 
cient action should be taken by Government tocompel 
the various insurance companies who undertake the 
insurance of steam boilers to insist on a periodical 
and thorough inspection of all boilers and their 
fittings under their care, and that in all cases each 
— should have a separate and independent steam 
valve.” 


THE LLANDULAS VIADUCT. 

No more striking example of rapid bridge con- 
struction exists than that afforded by the restoration 
of the Llandulas Viaduct on the main line of the 
London and North-Western Railway between 
Chester and Holyhead, and not far from Rhyl. The 
disastrous floods which occurred during August last, 
destroyed the old viaduct which carried the railway 
over the River Dulas, severing one of the main 
arteries of the London and North-Western Railway 
system, and interruping one of its most important 
branches of traffic. The old viaduct was a heavy 
masonry structure consisting of seven arches about 
28 ft. span, and of six piers, the approaches on 
either side being formed of embankments. The 
accident occurred on Sunday, the 17th of August 
last, at four o’clock in the afternoon, and only a 
quarter of an hour after a train had passed over the 
bridge ; the flood water, which converted the Dulas 
for a time into an overwhelming torrent, swept 
away the viaduct, throwing piers and arches into one 
mass of ruin. It was not until the early morn- 
ing of Tuesday, the 19th of August, that it was 
possible to commence the temporary works which 
had to be constructed pending the permanent 
restoration of the viaduct ; these temporary 
works consisted of a timber trestle bridge and a 
diversion of the line on each side. The nature and 
extent of this diversion are shown on the plan, Fig. 1, 
which we publish on page 333; from this plan it 
will be seen that the diversion commenced about 12 
chains on each side of the river, and the temporary 
line descended with steep gradients of about 1 in 24 
to meet the trestle bridge. This latter is shown in 
Figs. 4, 5, and 6, and will be seen to consist in one 
main = 50 ft. 10 in. long, and of four smaller 
ones. e roadway was supported by four longi- 
tudinal timbers stiffened by strutsin the main span, 
and carrying transverse bearers to which the close 
planking forming the floor was secured. Fig. 6 
shows this construction clearly. These temporary 
works were completed by the end of the week, and 
on Sunday the 24th of August, at 2 P.M., the first 
goods train passed over, followed the next day by 
passenger trains; the interruption to the traffic, 
therefore, lasted only a week, during which time 
passengers and luggage were transferred by road 
from the station at Abergele to that of Llandulas ; 
these temporary works were carried out by Mr. 
Footner, one of the officers of the company, in 
three hours less than seven days, including two days 
of enforced inactivity while the flood was subsiding. 

Meanwhile the preparations for the permanent 
restoration of the viaduct were being actively 
pushed forward, and at the same time the débris of 
the old bridge was removed, a work of no small 
difficulty. The distance to be spanned is 224 ft., 
and it was decided that the superstructure should 
consist entirely of steel, the girders resting upon 
masonry piers, The total distance was divided into 
seven openings, each of 32 ft. in length, and the 
height of the tallest of the six piers is 50 ft.; the 
lower part of these piers, which are about 4 ft. in 
thickness, are of masonry, and the upper part of 
brickwork, and they are connected together near 
their foundations by masonry inverts, which are 
protected up and down stream by aprons; the whole 
of the work is set in Portland cement. The two 
lower illustrations of the two-page plate which we 
publish this week, give a good idea of this portion 
of the work. As soon as the general plan of the 











bridge was decided upon, Mr, F. W. Webb, the chief 
mechanical engineer for the London and North- 
Western Railway Company, commenced the manu- 
facture of the steel plates for the superstructure. 
There were in all 42 girders, each 32 ft. long, be- 
sides transverse girders, flooring plates, &c. ; but the 
work was simplified by adopting the bold device of 
rolling all the plates and angle irons for the top and 
bottom girders of each span in single lengths; the 
upper figure of our two-page engraving, which 
shows one of the spans erected in the yard at Crewe, 
will convey a good idea of the character and design of 
the bridge. In the incredibly short space of seven days 
the whole of the material was turned out ready for 
erection, the steel having been manufactured, rolled, 
and worked up at Crewe; as rapidly as possible 
the material was despatched to Llandulas, so that no 
time should be lostin the erection, which was indeed 
completed seven days after the last of the steelwork 
had been delivered at the site. One of our illustra- 
tions shows the manner adopted for erection, and 
from this it will be seen that the work was carried 
forward from one end of the viaduct, each span 
as it was completed serving as a platform for the 
erection of the next; some slight delay was incurred 
during construction, from the fact of the piers 
not being completed as soon as the superstruc- 
ture. In somewhat less than a month from the 
time of the accident, the traffic was diverted on to 
the re-established line, and the temporary works 
became useless. The official inspection of the 
Board of Trade took place on Monday, September 
22, when it was found that the deflection in the 
centre of the spans under a passing load was 
only sin. In recording this feat of rapid bridge 
construction, we must not omit to mention the 
names of the officers of the company who carried 
out the work. These were Mr. F. W. Webb, the 
chief mechanical engineer and locomotive superin- 
tendent, Mr. Frank Stevenson, the chief civil engi- 
neer, Mr. Smith, the district engineer, and Mr. 
Footner; it must not be forgotten either that an 
additional interest is attached to the viaduct, from 
the fact that it is built wholly of steel, and that 
there are no cover or joint plates used in it through- 
out. 

It is almost unnecessary to state that the work 
was carried on continuously, night and day, the 

rtable electric light apparatus, devised by Mr. 
R E, Crompton, and illustrated on page 364 of our 
twenty-seventh volume, being employed, 





THE SANITARY CONGRESS. 

Tue Sanitary Institute of Great Britain commenced 
its congress on the 21st inst. at Croydon, After the 
formal opening of the Exhibition, the general 
business of the Institute was commenced in the 
evening by an address by the President, Dr. Richard- 
son, who, in a kind of scientific romance, endeavoured 
to impress on his audience his ideal of a happy 
people supposed to reside in a “+ Salutland.” Leav- 
ing this idealistic picture, we select the following 
among the many really valuable, because practical, 
addresses, or papers read before the congress. 

Dr. Carpenter took as his subject, ‘‘ The First 
Principle of Sanitary Work.” He pointed out that 
the first ‘principles of sanitary law were frequently 
at variance with private interests, and this, with 
other causes, had long prevented the progress of 
sanitary improvement. He dealt with the varieties 
of diseases resulting from blood poisoning, showing 
that however they might differ in external symptoms, 
their cause was a identical. e urged 
that the present system of the registration of the 
causes of death was generally of no scientific value. 
He referred to the disease of animals used by us as 
food, and stated that he was not surprised when he 
heard it remarked on oath by an inspector from the 
Metropolitan Meat Market that 80 per cent. of the 
meat sent to London was the subject of tubercular 
disease. To this cause he assigned the occurrence 
of many diseases among us. Dr. Carpenter's con- 
clusions, in reference to the general conditions of 
sanitation in towas, were to the following effect: 
1. That sewers are necessities for crowded popula- 
tion. 2. That such sewers might safely be used as 
water carriers for human excreta, &c. 3. That 
sewage smells and gases are not a necessary con- 
— of the system. 4. That sewage should be 
judiciously applied to the land, by which the spread 
of enthetic pee would be impossible. 5. That 
the effluent of such use of the sewage might be 
safely sent into any watercourse. But the most 
important part of Dr. Carpenter's conclusions, as 


bearing on the last questions, involves a serious 
qualification, for he remarks (6), that the application 
of sewage to land must be conducted on scientific 
principles, otherwise failure, financial and sanitary, 
must the result; and (7) a local board is che 
worst possible body to manage a sewage farm—the 
manager of a sewage farm must be an. autocrat. 
Does not Dr, Carpenter remember that even with 
such scientific autocrats, sewage farms have become 
failures, equally with those governed, managed, or 
—— by loeal mena ? y 

assing over a variety of papers dealing with the 
subject of drinking water, water analysis, alcoholic 
drinking, &c., we turn to an address delivered by 
Captain Douglas Galton. He remarked that there 
were few subjects in which so many professions of 
progress had been made during the last few years 
as in the theoretical knowledge of how to provide a 
healthy dwelling. Yet, in spite of all efforts, there 
were few houses, and very few towns, where sani- 
tary blunders could not be easily detected. General 
ignorance of sanitary science prevailed, for it had 
never yet been brought toasystem, From this and 
other causes, much money that had been advanced 
under Government sanction had been literally 
wasted. He thought that the Government should 
have limited its action—first, to the enactment of 
laws requiring the removal of existing sanitary de- 
fects; secondly, to the promotion and diffusion of 
sanitary knowledge among the people, instead of 
attempting to dictate exactly the measures to be 
adopted in each individual case, He pointed out the 
evils resulting from houses being built on foundations 
composed of refuse of all kinds, instead of the 
virgin soil. He urged that the health of every 
building depended on the free access of air to and 
through it. He entered into the general question of 
the water supply, and conandad that it was the 
duty of Government to take the question up in a 
national point of view, in place of leaving it in the 
hands of local authorities. He stated that abundant 
statistics were already in the hands of various de- 
partments to enable such a scheme to be at least 
originated, but he thought that the responsibility of 
the matter should devolve on the Local Government 
Board. As to the question of sewage, he observed 
that this must always remain a problem for the 
sanitary engineer to solve. He strongly urged that 
a systematic course of instruction should be given 
to all who were to attempt officially to undertake 
sanitary construction, and that no person should be 
appointed to the office of surveyor without he 
possessed a certificate of his competency given by 
some duly qualified institution. e will add one 
more suggestion as supplementary to Captain 
Douglas’s remarks. Let ev medical officer 
undergo a similar examination before he receives an 
appointment. Our experience teaches us that there 
are at least as many medical officers as surveyors 
who are deficient in the necessary qualification for 
their sanitary duties. 

Interesting papers were read by Mr. J. Bailey 
Denton on certain points in sanitary engineering ; 
by Major General Scott on the effects of long con- 
tinued a of sewage to the same land, &c., 
Dr. Corfield delivered a lecture on ‘‘ Sanitary Falla- 
cies,” which dealt with the history of some portion 
of sanitary science. He ex the various 
fallacies of the faculty in regard to the science and 
art of medicine. In dealing with modern sanitary 
science he showed the errors we laboured under, in 
regard to the communication of infectious diseases, 
to the removal of refuse matters from the vicinity 
of habitations, to the nature, quantity, quality, and 
other conditions of water supply, sewers, &c, This 
address had the advantage of at least showing how 
little had really been done, despite the great sup- 
posed advances which modern sanitary science 
claims to have made, 

We have only room to select a few remarks on 
the address of Mr. G. J. Symons on meteorology, 
geology, and sanitary practice. He pointed out the 
errors prevalent as regards the veutiiotion of private 
houses, and the waste of money which occurred by 
the bursting of mains and pipes during frost, and 
the terribly unhealthy character of our churches, 
theatres, &c, He described some simple arrange- 
ments by which, at little cost, large buildings might 
be effectually ventilated. He drew attention to 
local impurities of the air and their causes, and to 
the effects of mists, miasma, and rainfall on the 
general health. In regard to the geology of sanitary 
questions he did not think that a clay soil was 
necessarily more unhealthy than a gravel soil. 





conclusion, he strongly eget a better system of 
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registration in regard to deaths caused by zymotic 
diseases. 


We have been compelled thus only briefly to 
notice some out of the forty papers and addresses 
that formed the business of the congress. It 
appears to us as one of the most valuable because 
most practical that has yet been held on sanitary 
subjects. We are glad to find that the Institute is 
not only making moral but material progress. Ina 
future article we shall notice in detail some of the 
most interesting features of the Exhibition of Sani- 

Appliances at Croydon, which will be kept 
open until, and inclusive of, the 8th of November. 
It is well worthy of a careful inspection, not only 





form, but greatly differing in size, thus showing 
the effect of alteration in size of a particular type, 
and its scope may be briefly stated as follows : 

The Admiralty system of estimating speeds up to 
that time had been to compare the proposed new 
vessel with the nearest one to hand, whose per- 
formances were known, and, having fixed upon the 
probable value of the “constants,” the speed was 
obtained by the Admiralty formule which were 
based on the supposition that the resistance varied 
as the square of the speed and the area of midship 
section, and a certain power of the displacement. 





Now, Mr. Denny and Mr. Inglis both discarded 
this system and obtained for each ship a complete 


curve of coefficients or ‘‘constants,” therefore, 
applies to all size vessels of the particular ype by 
taking them at the corresponding speeds. Having 
got the constants for any particular sized ship at the 
ifferent speeds, a curve of indicated horse power 
can be formed for this sized vessel. Similarly an 
indicated horse power curve can be got out for any 
number of ships of the type differing in size. 

From this brief description the speed diagrams 
shown on Figs. 1 to 12 will be easily followed. 
They are for vessels of the following dimensions : 
Figs. 1, 2, and 8 pertain to the screw steamer 
Flinders of 947 tons, dimensions 227 ft. by 28 ft. by 
20 ft., mean draught of water 11 ft. 64 in., and dis- 



































by those who may be connected with various pro- 
fessions, but also | private individuals who may 
there gather many hints for the sanitary improve- 
ment of their households, 








SPEED CURVES. 

Since the introduction of pro ive steam trials 
for ships by Mr. W. oo and the investigations 
by Mr. Froude of the results obtained therefrom, it 
has been becoming more and more evident from 
year to year that this is a direction in which naval 
architects must look for valuable information on 
the resistance of ships and on marine propulsion. 
By his discovery of the important part played at low 
2 by the constant initial friction of the engines 

r, Froude considerably advanced people’s know- 
ledge in a direction that had previously been very 
cloudy. He had previously demonstrated his law 
for the corresponding speeds of ships and models. 

Following in the same direction Mr. J. Inglis, 
Jun., shipbuilder, of Glasgow, who had been one of 
the earliest to adopt progressive trials, read an in- 
teresting paper before the Institution of Naval 
Architects in 1877 ‘‘ On a Method of Recording and 
Comparing the Performances of Steam Ships.” The 
object of Mr. Inglis’s paper was to afford a means 
of comparing the performances of vessels of similar 




















curve of resistance, or curve of indicated thrust 


from slow speeds to high ones. 

Combining this system of progressive speed trials 
with Mr. Froude’s law for corresponding speeds, 
Mr. Inglis in the paper referred to, advanced an im- 
portant step on the ladder. The process may be 
again described briefly: He gets from the speed 
trials of a particular ship the curve which shows the 
relation between indicated horse power and speed. 
He next gets the curve of “indicated thrust” in 
terms of the speed, and this indicated thrust minus 
a constant quantity due to the initial friction 
of the engines is proportional to the resistance 
of the ship at the different speeds. From these 
results a curve is obtained showing a varying 
coefficient of performance from the equation 


Augmented surface x V* _ ¢, 
LHP. 

Instead of this latter might be taken equally well 
the Admiralty formula ap =e: Mr. Inglis’s 
system of comparison rests on the assumption 
which appears quite a reasonable one, “that for 
vessels similar in form and similarly propelled, 
but dissimilar in size, at corresponding eee, a 
coefficient of performance such as the Admiralty 
so-called ‘ constant’ is really constant.” The same 





placement 1243 tons, tried January 16,1879. Fig. 1 
shows the form of the line at the water surface, 
and at a parallel water plane at half the vessel’s 
draught of water. It also shows the greatest 
angle of entrance and run, Fig. 2 shows the 
area and position of the propeller disc in reference 
to the area of midship section. Fig. 3 shows 
the results of the trials. The actual spots on the 
curves are very nearly at 6, 93, 11, and 13 knots’ 
speeds, and through these the curves are drawn, 
being continued beyond the spots at either end in 
dotted lines, so as to form a fair curve. By the help 
of the scales attached, it will be easy to read off the 
particulars. It will be seen at once, for instance, 
that to drive this vessel at a speed of 13 knots re- 
quired 75 revolutions per minute, and an indicated 
horse power of 1360, with a slip of 3 percent. It 
also shows that the coefficient of performance is 
highest at 9 knots, from which point upwards also 
a marked difference takes place in the slip curve. 
Probably beyond this speed and power the propeller 





begins to lose some of its efficiency. The propeller 
of the Flinders was 13 ft. diameter and 20 ft. pitch, 
with 6 ft. area, four blades, The engines were 
inverted cylinder, direct-acting compound, with 
cylinders 37 in. and 66 in. diameter and 42 in. 
stroke. 

Figs, 4, 5, and 6 show similar curves for the 
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Azalea, a screw steamer of 706 tons “pq register ; 
dimensions 217.6 by 30.2 by 15.1, built in 1878, and 
tried September 28, 1878. The draught of water 
on trial was 1] ft. 7 in., and the displacement 1165. 
The diameter of screw iy * 2 13 ft., pitch 20 ft. 
and area 60 ft., four blades. Here also there are trials 
at four different speeds, viz., 54, 83, 11, and 13 knots, 
At this latter speed the propeller made 75 revolu- 
tions per minute, with 1325 indicated horse power, 
and 2} per cent. slip. In this vessel the coefficient 
of performance is a maximum at from 94 to 10 knots, 
we a decided change takes place in the slip curve 


from the same cause probably as in the foregoing | 





brook, was four-bladed, with 11 ft. 9 in. diameter 
and 18 ft. stroke, and 484 square feet area. ‘The 
cylinders 29 in, and 54 in. diameter and 42 in. 
stroke, 

The results of these trials taken together are most 
instructive, and afford valuable data for future 
vessels of nearly similar size and type, beyond their 
use for scientific purposes. The trial draught was, 
we believe, in each case nearly what the vessel was 
intended to work at. 

In spite of the views expressed by Mr. Harland 
at the last meetings of the Institution of Naval 
Architects against measured mile trials, and the 


Fig 7. 
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Messrs. John Elder and Co, have booked an order for 
two screw steamers, each 1500 tons, for the British and 
African Steam Navigation Company, of Glasgow and 
Liverpool. Those vessels will each measure 290 ft. by 
86 ft. by 18.8 ft., and they are to be built of steel. 

At least two new steamers have recently been ordered 
fur service in the passenger trade on the Clyde. One of 
them is being built by Messrs. D. and W. Henderson and 
Co., who have also laid down two new steamers for the 
Anchor Line, similar in all esseatial particulars to the 
Britannia which was recently completed by the same 
firm, and which has already done excellent service as a 
cargo steamer. The other river passenger steamer is to be 
a splendid saloon vessel measuring 206 ft. by 21 ft. by 8 ft., 
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vessel. The engines were the same type as those of 
the Flinders’ described above, the cylinders being 
36 in. and 67 in. diameter, and 42. in stroke. 

Figs, 7, 8, and 9 apply to the Bessbrook, a vessel 
of 511 tons gross register, and dimensions 182.0 by 
27.2 by 14.0, built in 1877, and tried December 21, 
1877. This vessel made 12} knots with 71 revo- 
lutions, 640 indicated horse power, and 1 per cent. 
of slip. The curve of coefficients in this case has 
its maximum between 9 and 9} knots, from which 
point the slip curves also begin to rise more rapidly. 
he propeller was four-bladed, having 1] ft. 9 in. 
diameter, 18 ft. pitch, and 48} square feet area. 
The engines were of the same type as those of the 
Azalea and Flinders, but the Bessbrook and Azalea 
had umps worked direct from crosshead, whereas 
the Flinders and the Kinlock, mentioned below, had 
their pumps worked by levers. The cylinders of 
the Bessbrook were 32 in. and 58 in. diameter and 
36 in. stroke, 

Figs. 10, 11, and 19 refer to the Kinloch, a screw 
steamer of 425 tons gross register, and dimensions 
205.0 by 24.1 by 12.7, built in 1878, and tested under 
steam July 4, 1878. The draught of water on trial 
was 9 ft. 112 in., and the displacement 668. The 
highest speed given is 13} knots, which wasJdone 
with 87 revolutions per minute, and indicated horse 
power of 960, with a slip of 2 percent. Here the 
curve of coefficients has its maximum at about 
10 knots, and the curve of slip begins to_rise 
rapidly. The propeller, as in the case of the Bess. 




















scientific and practically useful data derived there- 
from, we fail to see how any sea trials can give us 
the measure of a ship’s resistance, and the relation 
of power to speed so accurately, as trials like those 
we have described above. We go further, and say 
that without such trials a naval architect who has to 
design many ships of varying types is bound to work 
to a great extent in the dark, and must trust greatly 
to his luck, or allow a large margin on the safe side 
to cover eventualities. When ships follow each 
other in succession pretty much alike, of course 
certainty is easy enough, but this is no adequate 
reason for neglecting data which give a wider 
range of professional knowledge and safety. 





CLYDE SHIPBUILDING CONTRACTS, 

WE are glad to say that since the appearance of our 
former article on this subject three weeks ago there has 
been a very marked degree of activity in placing orders 
for the building of additional vessels, practically the 
whole of which are to be steamships, and ranging from 
1000 tons or so upwards to about 4000 tons. The con- 
tract for the vessel formerly referred to as being tendered 
for on account of the State Line Steamship Company of 
Glasgow, has been placed with the London and Glasgow 
Shipbuilding and Engineering Company (Limited), the 
builders of all the other vessels in the company’s fleet. 
She will be a full-powered vessel of about 4000 tons 
gross, measuring 385 ft. by 43 ft. by 34 ft., and having 
engines of 500 horse power nominal. Like the other 
vessels of the fleet, she is intended for the Glasgow and 








New York trade vid Larne. 


with engines of about 600 horse power, and having, it is 
8 eg a speed of about 20 miles an hour. Like the 
Columba, she is to be built of steel, and is to run on the 
Helensburgh and Arrochar route in connexion with the 
North British Railway, and the famous circular tour 
established by the Loch Lomond and Loch Long Steam- 
boat Company. This vessel is to be built by Mr. Robert 
Chambers, Jun., Dumbarton, and Messrs. M. Paul and 
Co., of the same town, are to supply the engines, the 
principal parts of which are also to be of steel. 

The Clyde Shipping Company have just closed a con- 
tract with Messrs. William , Se and Oo., London 
Works, Renfrew, for an iron steamer of 1000 tons, for 
their Glasgow, Irish, and South of England services. 
There was very keen competition for this contract, 
the tenders for which are said to have ranged from about 
21,500/, to nearly 28,0004 In fitting out the vessel there 
will be an extraordinary variety of the newest machinery 
and other appliances for economising fuel and labour. 

Messrs. Blackwood and Gordon, Port-Glasgow, have 
secured orders for three steamers of considerable size, one 
of which is a vessel of 1600 tons, and measuring 246 ft. 
by 32 ft. 6 in. by 18 ft., with engines of 140 horse power 
nominal supplied by the builders. She is intended for 
the copper ore trade, and her owners are Messrs. Hender- 
son, of Belfast, and Moffat, of Androssan, The other two 
are to be built to the order of the Adriatic Steamship 
Company (Messrs. Burrell and Sons), Glasgow, their di- 
mensions being 245 ft. by 32 ft. 6 in. by 18 ft. One of 
them will be built of iron, and will have a carrying 
capacity of 1600 tons, and steel will be the material of 
construction in the other, which will, it is expected, be 





able to carry 100 tons more than her sister ship. The 
owners are very much to be commended for thus attempt- 
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ing to solve the question of Iron versus Steel, so far as 
economy is concerned. Their experiment will be 
anxiously watched by other shipowners. Powerful com- 
pound engines will be employed in both cases. 

Contracts for two new steamers of 2200 tons each, and 
measuring 320 ft. by 34 ft. by 26 ft., have just been placed 
with Messrs. Scott and Co., Cartsdyke, Greenock, by an 
eminent shipowning firm in Liverpool, namely, Messrs. 
Alfred Holt and Co. The vessels are intended for service 
in the Liverpool and China trade. We may here men- 
tion that in the shipbuilding yard formerly occupied by 
Mr. J. E. Scott, at Greenock, and | taken over by 
Messrs. Russell and Co., Port-Glasgow, there are already 
two new vessels in progress; and Messrs. John Reid and 
Co., of the same town, have lately commenced to build a 
steel vessel of considerable dimensions. 

New contracts have also been secured by two other 
Port-Glasgow firms. One of them is an order placed 
with Messrs. Murdoch and Murray by Glasgow owners 
for a steamer of 800 or 900 tons, for the Mediterranean 
trade, the engines to be supplied by Messrs. Kincaid and 
Donald, Greenock, and to of 120 horse power, The 
other is an order which has been received from a Mary- 

rt firm by Messrs. William Hamilton and Sons for a 
oom of 900 tons, and measuring 210 ft. by 30 ft. by 
16 ft. An order has also been placed with Messrs. 
Robert Steele and Co., Greenock, for a large steam yacht 
of about 600 tons, measuring 180 ft. by 26 ft. by 
15 ft. 6in., and to be fitted with engines of 120 horse 
power. She is for Mr. Houldsworth, of Coltness, who 
has done well to go to a firm whose eminence as builders 
of steam yachts in undisputed. 

Messrs, Napier, Shanks, and Bell, Yoker, near Glasgow, 
one of the youngest shipbuilding firms on the Clyde, are 
about to lay down two iron screw steamers of about 
900 tons each, to the order of Messrs. Robert Macandrew 
and Co., London, for the Spanish trade. They are to be 
fitted with engines of about 600 indicated horse power, 
working up to a pressure of 801b. Messrs. Dunsmuir 
and Jackson, Govan, will supply the engines. 

Much interest has been excited this week by the 
announcement that the Messageries Maritimes Steamship 
Company, of Marseilles, are about to place orders for no 
fewer than ten steamers of 1600 tons each, and of great 
engine power, a high rate of speed being of importance, 
as the company have recently obtained the subsidy from 
the French Government for carrying the Mediterranean 
mails. It is stated that the whole of these ten vessels are 
to be delivered in about eight months, so as to be ready to 
begin the mail contract. The estimated contract price 
is understood to be about 500,000 There is a confident 
expectation that all these vessels will be built on the 
Clyde, by Messrs. Elder and Co. and other firms. 

The Allan Steamship Company, of Glasgow, Liverpool, 
and Montreal, have just sent out to various shipbuilding 
firms on the Clyde and elsewhere plans and specifications 
on which to invite tenders for the construction of a large 
steamer for their Transatlantic mail and passenger 
service. Tenders are to be alternative for iron and steel, 
it being considered that the time has now arrived when 
the applicability of the latter material to the construc- 
tion of merchant steamers should be practically tested. 
The new steamer will be of 5500 tons, with accommoda- 
tion for 200 passengers, and she is to be named the 
Parisian. 

In confirmation of what we formerly stated, the New 
York Nautical Gazette announces that the owners of the 
Guion Line are about to add another magnificent steamer 
to their fleet, to be ready for service in 1881. She is to 
be 16 ft. longer than the Arizona, with more beam, and 
37 ft. depth of hold, and is to be fitted with very powerful 
machinery. The order will doubtless be placed with 
Messrs. Elder and Co. 

Various other vessels are being spoken of which will 
doubtless be contracted for very soon. The recent heavy 
rise in the price of iron, and the more recent advance of 
24 per ton for steel, have put shipowners on the alert 
who have been hesitating for some months. Four firms 
are already supplied with as much work as will keep 
them going busily till next summer; unfortunately, how- 
ever, there are still several other yards that are almost 
empty, It is not too much to say that within the past 
four or five weeks orders have been placed on the 
Clyde for upwards of 40,000 tons of shipping. 


TRIAL TRIP OF THE “MENDOZA.” 

On Friday last, the handsome screw steamer Mendoza, 
the latest addition to the magnificent fleet owned by the 
Pacific Steam Navigation Company, went on an experi- 
mental cruise down the Firth of Clyde, prior to being 
delivered over to the company at Liverpool. The 
Mendoza, a sister ship to the Pizarro, which was also 
handed over to the company a few weeks ago by the 
builders, Messrs. Robert Napier and Sons, Glasgow, is 
a vessel 340 ft. long by 40 ft. broad, and 21 ft. deep, 
with a load displacement of 3400 tons, and of 2519 tons 
builders’ measurement, Her hull is constructed of mild 
steel, having an average tensile strain of 29 tons per 
square inch, and manufactured on the Siemens system 
by the Steel Company of Scotland. By the adoption of 
this superior material, the owners have not only got a 
vessel much stronger than an iron one, but one whose 
carrying capacity for coal and cargo is increased by 








nearly 200 tons. Being intended specially for the com- 
pany’s trade along the west coast of South America, 
between Callao and Valparaiso, the Mendoza has been 
constructed with an awning deck right fore and aft, on 
the top of which there is a range of deck-houses capable 
of affording most complete and comfortable accommoda- 
tion for one hundred first-class passengers. Her saloon 
is a splendid and most spacious apartment, extending 
almost the whole breadth of the ship, and the tables and 
chairs are so fitted that passengers can be served at 
meals without the usual difficulty of passing dishes, 
&c., across to those who may be sitting at the sides of 
the saloon. The ladies’ boudoir, state rooms, &., are 
also roomy, and elegantly and comfortably furnished, 
while they are well adapted for a hot climate. The 
main deck, which is entirely open at the sides, is specially 
fitted up for cattle, or for holding markets at the 
various towns visited along the coast from day to day, 
stands being let out to parties travelling with provi- 
sions, &c. 

The machinery with which the Mendoza is fitted con- 
sists of a pair of inverted compound rurface condensing 
engines, the high pressure being 42 in. in diameter, and 
that of the low-pressure cylinder being 80 in., with astroke 
of 48in. There are two double-ended boilers, arranged 
fore and aft, and fired from two stokeholes, one at the 
forward end and one at the after. The engines are fitted 
with all the most recent improvements, amongst which is 
the high-pressure valve, which is a piston valve with ex- 
pansion arrangement on the plan successfully intro- 
duced into the Pacific Company's ships some years ago 
by Mr. A. C. Kirk. The pistons are fitted with Buckley’s 
patent packing; the starting engine, which is of excep- 
tional power, is constructed on the steam and hydraulic 
system of Brown Brothers, and the arrangements have 
been so simplified that only two levers are required to 
start or reverse the propelling engines of the vessel. In 
order to meet the special requirements of the company’s 
West Coast trade, the water is circulated through the 
condenser by an independent engine and centrifugal 
pump by Messrs. Gwynne, of London. This arrangement 
also affords a most powerful means of pumping water 
out of the ship in theevent of accident. Amongst the other 
mechanical appliances there is Muir and Caldwell’s steam 
steering gear, together with steam winches and windlass, 
steam hoists for ashes, and a large number of pumping 
engines for sanitary a. 

On her trial trip the Mendoza ran the measured mile 
in 4 minutes 13} seconds, being equal to 14.2 knots, or 
16} miles per hour, the engines making 78 revolutions 
per minute, with a vacuum of 27in., and a steam pres- 
sure of 70 1b. per square inch in the engine-room. The 
mean speed attained over several runs was 13.9 knots. 
At the termination of the experimental cruise the vessel 
departed for Liverpool, and during the passage round to 
the Mersey the engines worked with great smoothness, 
making a steady average of 2300 indicated horse power 
the whole way. 

An interesting circumstance connected with the trial 
trip of this splendid vessel, was the use of a Gramme 
dynamo-electric machine and a Serrin for illuminating 
the saloon by the electric light during dinner, to which a 
party of about forty gentlemen sat down, all of whom 
pronounced the very novel experiment to have been a 
great success. The apparatus employed had previously 
been in use for about two years in Messrs. Napier and 
Sons’ boiler-shop at Lancefield, Glasgow. 





RECENT RAILWAY ACCIDENTS. 

Tue Board of Trade has recently issued reports on 
several railway accidents. The first, we may notice, 
occurred on the 26th of July last on the Lancashire and 
Yorkshire Railway at Wigan. The nature of the accident 
was as follows: The 2.55 p.m. passenger train from Bolton 
to Rainford was standing at the down platform of the 
Wigan Station, when it was run into from behind by the 
3.5 p.m. train of the London and North-Western Railway 
from Warrington to Southport. Thirteen ers 
were injured, eleven being in the Lancashire and York- 
shire train, and two in the London and North-Western 
train. The rolling stock sustained very little damage. 
The junction between the two railways is at a point 
about 660 yards south of the Wigan Station, and to a 
distance of about 187 yards from the station there are 
four lines of rails, two up and two down, and the points 
of the junction are worked from the goods yard signal- 
box, about midway between the Wigan Junction signal- 
box and the centre of the station. The points at the 
north end of the junction and the up station signals are 
worked from the Southport Junction cabin which com- 
mands a view of the station, while the goods yard box 
does not. The down home signals are 322 yards south 
of the centre of the platform, and after passing them a 
train has to run about 150 yards before coming in view 
of the station, while at the time of the accident the 
presence of struts and shores supporting the station roof 
still-further obscured the view, so that the driver of the 
London and North-Western train could not see the tail 
of the standing train till he was within 50 yards of it. 
The tender of the North-Western train was fitted with a 
hand brake, and the driver controlled a chain brake on 
the two front vehicles, while the guard operated a second 





chain brake applied to his van, and the two adjacent 





carriages in front. The line between the goods yard and 
the Southport cabins is worked on the block system with 
this modification, that when the latter has not given the 
former the signal “line clear,” and it is desired to admit 
a second train into the station, this second train must be 
warned at the home signal to stop, or advance with 
caution. The Lancashire and Yorkshire train, which 
is timed to stop at Wigan for 20 minutes, is usually 
shunted to allow the other to pass, but on the occasion in 
question this was neglected, owing to the temporary 
absence of the station master, while the Southport 
Junction and the goods yard signalmen made, one or 
both, a mistake in. working the telegraph, the former 
asserting that he allowed the North-Western train to 
pass, having received “line clear” from the Southport 
Junction, the latter denying this, and urging that such a 
mistake on his part was impossible, as the standing 
train was in view, and was not due to quit the station 
for some time. The unfortunate position of the Wigan 
Station, which renders it invisible from the south, is 
favourable to the occurrence of such accidents as this, 
and Major Marindin, in reporting on the case, suggests 
the establishment of an additional down signal to be 
placed between the goods yard cabin and the south end 
of the station, and to be worked from the Southport box. 
These would not be stop signals, but would intimate that 
a train was ahead at the station, and approaching trains 
on seeing them at danger would pull up under them, and 
then draw forward to the station. 

The second accident, which occurred on the 15th of 
August upon the London and North-Western Railway, 
was of a somewhat similar character. In this case the 
4.40 p.m. up train from Rugeley to Walsall was standing 
at the Walsall ticket platform, when it was run into from 
behind by an engine and tender, running tender first, 
belonging to the Midland Railway Company, and which 
was at the time running from the engine shed at Walsall 
to be coupled on toa passenger train. Sixteen passengers 
and one railway servant were injured by the collision, 
and the rolling stock was damaged. As the trains stand- 
ing at the ticket platform are protected by a home signal 
200 yards distant, and as there appeared no doubt that 
this signal was properly worked on the occasion, the 
responsibility of the accident rested entirely on 
the driver and fireman of the Midland engine. The 
passenger train was visible from the home signal, which 
was set at ‘‘ danger,” an intimation that the engine should 
stop at the signal, and then proceed cautiously after a 
warning from the signalman. 

A third accident took place on the London and South- 
Western Railway on the 20th of August, and was caused 
by the failure of one of the approaches to a footbridge 
crossing the railway a quarter of a mile to the east of 
Hounslow Station. The approach in question is divided 
into two flights of steps by a landing, the lower flight is 
parallel to the line, and the upper is at right angles to it. 
It was this upper flight which gave way as nine women 
were ascending it. All were thrown to the ground and 
received injuries of more or less importance. Examina- 
tion showed that the tenons of the string boards carrying 
the steps were quite rotten, and yielded beneath the 
weight of the persons ascending the staircase. In report- 
ing upon this accident, Colonel Rich strongly recom- 
mends the employment of competent persons to inspect 
such structures. 

On the 7th of September a collision occurred on the 
London and Blackwall branch of the Great Eastern Rail- 
way at Brunswick Junction, Blackwall. The collision 
was caused by the 8.30 up passenger train of the North 
London Railway going from Blackwall to Broad-street, 
which ran into a Great Eastern train (the 8.9 a.m. down 
passenger train) running from Fenchurch-street to 
Blackwall. At Brunswick Junction the up and down 
lines of the London and Blackwall Railway are worked 
as two single lines, the northern or down line being used 
by the North London trains, and the southern or up lines 
by the Great Eastern trains. This arrangement involves 
the necessity of the trains belonging to these companies 
crossing over on to their respective lines either on ap- 
proaching or quitting Blackwall. For this purpose 
crossover roads are laid down and interlocked with the 
signals. The investigation showed that the driver of the 
North London train had, disregarding the signals, quitted 
the Blackwall station, and after proceeding about 100 
yards observed the Great Eastern train approaching him. 
The distance between the two when the danger was 
noticed was about 200 yards, and the speed of the North 
London train 10 milesan hour. The driver of this latter 
used all endeavours to stop his train by the application 
of hand and chain brakes, while the driver of the Great 
Eastern train endeavoured to avoid a collision between 
the two engines by putting on steam. He was successful 
in this, but the North London engine struck the second 
and succeeding carriages of the other train. Major- 
General Hutchinson in reporting on the accident, while 
stating that it was evidently caused by the carelessness 
of the engine driver, points out that if the trains had 
been provided with efficient continuous brakes no colli- 
sion could have occurred. 

On the Great Northern Railway an accident occurred 
on the 16th of September, at Wortley East Junction, near 
Holbeck, on the Leeds and Wakefield section of the 
Great Northern Railway. In this instance the Great 





Northern 8.40 p.m. passenger train from Leeds to Wake- 





























Oct. 31, 1879.] 


ENGINEERING. 





347 





field ran into an engine belonging to the Manchester, 
Sheffield, and Lincolnshire Railway, which was standing 
on the main line waiting to cross over to an engine shed 
on the other side of the;down mainline. The cause of this 
accident was very simple, the signalman at the Wortley 
East Junction signal-box, who had passed on the engine 
about ten minutes previously, forgot its being there, 
and let on the passenger train, which ran into it at about 
20 miles an hour. But little damage was done either to 
train or passengers, only five having received small in- 
juries. The train was fitted with the vacuum brake, 
which the driver omitted to apply, although under the 
circumstances, as Major Marindin very justly remarks, 
there would not “ have been sufficient time for it to have 
taken effect in stopping the train before the collision 
occurred.” But the tail lights of the standing engine 
could have been visible for 100 yards to the approaching 
train—plenty of time with a prompt brake to have 
arrested it before collision. 


OUR FOREIGN [RON TRADE. 

Fears are generally entertained lest the improved de- 
mand for iron on foreign account, which has given more 
animation to the iron trade during the past month than 
it has experienced for a long time, should only prove 
temporary. The fact that it is the sudden demand for 
the United States that is accredited with the present 
“spurt,” does not strengthen confidence in its duration, 
for it is unquestionable that that country has super- 
abundant mineral resources for the supply of its own 
requirements, and it has also works capable of smelting 
its own ores, not half the blast furnaces completed there 
having been in blast at the beginning of the present year. 
The absence of a corresponding increase in the demand 
for home consumption is also regarded as discouraging, 
aggravated as the stagnation of trade is here by the loss, 
estimated at not less than 25,000,0001, caused by the 
bad harvest. But gloomy as these circumstances ap- 
pear, the present revival of foreign demand for iron will 
appear in a brighter and truer light when we view it in 
relation to the history of our foreign iron trade during 
the past ten years. A correct survey of foreign require- 
ments and home production during that period will 
illustrate the truth of Hallam’s remark, that a calm, 
comprehensive study of (commercial) history, not in 
such scraps or fragments as the partisans of our ephe- 
meral literature obtrude upon us, is the best antidote to 
extravagant apprehensions. Our long period of gloom 
and stagnation is apt to beget pessimist views ; and it is 
in the early hours of sunrise that objects cast the deepest 
shadow. These influences are reflected in the present 
estimates of the condition of the iron trade; but a more 
comprehensive view of the situation can be obtained by 
taking a more extensive survey of the course of trade. 

In respect of the quantity made at home and sold 
abroad, the iron trade of England reached its highest 
point in 1872. In that year we produced 6,741,929 tons 
of pig iron, being 114,000 tons more than the make of 
any year before or since then. Our exports for that year 
were also the greatest on record, namely, 3,382,762 tons, 
being over 200,000 tons more than those of any other 
year. It thus appears that when trade was most buoyant, 
we exported fully 50 per cent. of our total production of 
iron. Let us now compare this ratio with that of last 
year, when we made 6,381,051 tons of pig iron, and our 
exports amounted to 2,296,860 tons, or less than 36 per 
cent. This great contraction of foreign trade left our 
home market with a redundant supply. When every- 
thing was prosperous in 1872, we had only 3,359,167 tons 
of pig iron for home consumption, while last year, in the 
midst of prolonged depression, we had 4,084,191 tons to 
dispose of in the home market. In other words, be- 
tween 1872 and 1878, the demand for English iron on 
foreign account decreased 32 per cent., and concurrently 
the supply (we can scarcely call it demand) for home 
consumption increased 21 per cent. Bearing in mind 
the fact that in 1872 we exported as much iron as 
we used for home requirements, it is obvious that if our 
home account had deereased at the same rate as our 
foreign trade, we should have made 53 per cent. less iron 
last year than we actually did make. or was last year 
the worst in respect of the balances between home and 
foreign account. The year 1876 shows the most un- 
favourable comparison of the last decade. We exported 
less iron that year than we ever did since 1868, and 
that, too, notwithstanding an unusually large production. 
The exact figures were: Production, 6,555,997 tons; 
exports, 2,224,470 tons ; ratio, 34 per cent. The decrease 
in our exports between 1872 and 1876 was fully 34 per 
cent. We thus see that it is in our foreign trade where 
revival is really wanted, and where there is most room 
for expansion. The figures we have quoted also show 
that in existing circumstances, when the home market 
18 over stocked, it is scarcely reasonable to expect that 
our own requirements will show the same elasticity as 
those of foreign countries. It will be in prices rather 
than in quantities that the home market will be affected. 
At the ow time iron is selling at less than 
ry third of its average value for the year 

oT 
lieving us of our 
prices will rise. 
Stimulated by the 








and it will be by the demand from abroad re- 
redundant supply at home that 
This tendency is already apparent. 
receipt of some foreign orders, the 








ice of pig iron has risen suddenly. The question 
of the day, then, is whether the present increase in foreign 
demand will continue ; and the chief cause of misgiving 
on this point is the latent capabilities of the United States 
for supplying their own requirements ; but an analysis 
of our exports for this year will tend to show that the 
present movement rests on a broader basis than is gene- 
rally supposed. We find, for instance, that if we had 
not sent & single ton of pig iron to the United States this 
year, our foreign trade in that article would still show an 
increase of 11 per cent, over the corresponding period of 
last year ; and if we extended the comparison to the two or 
three preceding years the increase would be greater. Then, 
again, as to steel rails, it appears thatif we had not sent 
a single rail to the States this year, we would still have 
sent abroad 24 per cent. more than in the corresponding 
period of last year. It is necessary to bear in mind that 
our total exports last year showed a decrease of 32 
per cent. as compared with the year of greatest exports— 
1872. All told, our exports during the first eight 
months of this year show an increase of about 10 
per cent. over those of last year; and after the 
figures we have quoted with reference to the two prin- 
cipal articles of export to the United States, it need 
scarcely be pointed out that the present state of the 
market is not so dependent on orders from that country 
as is generally supposed. Of course, the quantities 
already sent there may be no real indication of the orders 
received and now being executed here, but whatever may 
be the amount of the orders in hand from America, it is 
none the less an indisputable fact that our exports show 
areal and wide-spread revival in the foreign demand 
for English iron. That demand has been greatest during 
the last two months ; and accordingly we find that our 
exports for September exceeded those for August last 
year by 21 per cent. in quantity and 7 per cent. in value. 
So far this year our largest customers, Germany, 
Holland, and “other countries,” have received larger 
quantities than they did during the previous three or 
four years ; but last month shows a decrease in shipments 
to Germany and Holland, due in part, no doubt, to the 
prohibitive operation of the new tariff in the German 
market, 

A careful examination of the statistics of the iron 
trade discloses two facts of much significance. The first 
is the maintenance of the production. In some of our 
iron manufacturing districts one-half of the furnaces have 
not been in blast during the last two or three years of 
depression, and evena few weeks since thirty more furnaces 
were blown out in Scotland. Still, the total make of pig 
iron might be said on the whole not to have been below 
the average of the years of greatest production. If we 
compare the total production last year with that of 1872, 
which has never been equalled, we find that last year 
there was only a decrease of 5} percent. If the demand 
for iron on foreign account continues to improve, Eng- 
lish manufacturers will be ready to supply all present 
requirements ; and undiminished as the present produc- 
tion is, it can be greatly augmented by putting idle fur- 
naces in blast. Another significant feature of the present 
course of the trade is the periodic nature of its recur- 
rence. It is to point out a fact, not a theory, that we 
call attention to the striking analogy between the present 
state of trade and its condition ten years ago. Then, as 
now, our exports were lower than usual in proportion 
to our production; then, as now, prices were at the 
lowest point known in course of the decade. It is 
true that neither prices nor exports stood at such low 
rates as are current now; but ten years ago the price of 
iron was at the lowest point it had reached since the 
trade assumed the dimensions of a leading industry. 
Then, too, as now, there was a gradual revival in the 
trade, which reached its highest point in respect of 
quantity in 1872 and in respect of value in 1873. We 
know thatthe English commercial mind distrusts theories ; 
indeed, as Hegel observed, it likes to pride itself in act- 
ing contrary to theories, or in showing that experience 
contradicts theory. Nevertheless, it is no use shutting 
our eyes to facts ; and although the facts to which we call 
attention are so embedded in the voluminous statistics 
of our commercial history as to be easily overlooked, 
their truth is unquestionable; and not only their ratios 
but their correlations have an important significance at 
the present critical period in the iron trade. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.— Yesterday there was a 
smaller attendance, and the prices were similar to those of 
last week. While needy merchants who had some iron 
left which they had bought on the rising market were 
illing to sell at 41s. per ton, pig makers continue to 
nominally ask 45s. for No. 3. the makers are well 
sold forward. It is calculated that there is an average of 
fully four months work in hand. 


The Finished Iron Trade.—There is rather more inquiry 
for finished iron, and prices are a little better. The fact 
that —— shipbuilding orders have recently been booked 
on the Clyde and Tyne, have improved the prospects of 
plate makers. 

Cleveland Steel Making.—Messrs. Bolckow, Vaughan 
and Co. are having two large Bessemer converters and 
steel making appliances made at a cost of 10,0001. for their 





steel works. It has been found, as was stated by 


Eston 

Mr. Richards at the Liverpool m of the Tron and 
Steel Institute, that the converters choked up with Cleve- 
land steel at the mouth. The new converters are differen 


shaped, and will not ‘‘ gob’’ as the others have done. 


The West Hart Furnaces.—It has been decided to 
offer for sale the West Hartlepool Iron Works, including 
ios tape blast furnaces which have been so long standing 
idle. 

The Wages utes.—Beyond what is stated in the 
newspapers as to oo of the several wages’ ques- 
tions in the North, i myer ma vr it is —- 
the miners of Cleveland agree to arbitration, and that 
the blast furnace men will settle their differences by the 
adoption of a sliding scale. 

——————_—————_—_—_— 
AIR PUMPS. 
se ix THE EDIToR e ENGINEERING. 
R,—A very general prejudice exists among engineers 
par horizontal air yomips in surface condensers, where 
oe of water through the pump is small, 
and they are seldom fitted when a vertical arrangement is 


rience has shown that a good result can generall 
be ob’ with a vertical air prmp, while with a hori- 
zontal yy Parga is felt as to its performance. 
Hitherto I believe with horizontal the best results 


have been most easily obtained with the “pl r arrange- 
ment and a careful detribution of valves, Sut f never have 
seen the proposal which I enclose put into practice. 
The suggestion is to surro the s box with 
water in such a manner as to render an air im- 
ible ; and assuming the valves to be also well protected 
in the same way, it ap) likely that a pump as efficient 
as a vertical pump might be obtained. 














I am aware that great pains are always taken to insure 
| 4 of water over the valves, but the plunger stuffing- 
x is left to its own resources, and it is evident that when 
the water level in the pump chamber falls below the top of 
lunger, all the e part of s -box is open toa 
i air leak ess water on the opposite side of the 
pump mounts high fee to step it. I should like to 
submit the matter for the opinions of your readers, and 


shall be glad to hear whether such an idea has ever been 
carried out, and with what results ? 
Yours faithfully, 
Durex. 





COMPOUND LOCOMOTIVES. 
To THE EpIrorR oF ENGINEERING. 
Srr,—In your issues of the 4th and 18th of July there 


appears & noes read before the Institute of Mechanical 
Engineers by M. Anatole Mallet, of Paris, ‘‘ On the Com- 
pounding of Lesuetive Engines.”” This paper is of great 


interest, and I consider the public are much indebted to 
the author for the trouble he has taken to elucidate and 
prove the benefit of the system, which I am glad to ob- 
serve is now beginning to be used on railways as it is in 
portable and stationary engines. 

I have for years been in favour of this system for steam 
launches and also for portable and factory engines where 


a full water is unobtainable, as appears from 
my letter 7th of Jan » 1876, which appeared in 

Engineer on the 18th of ruary, and also that of 
June, 1876, which a) in your journal on the 4th 
of August, 1876. Io e from Mr. Mallet’s table that 
the ratios between two cylinders vary from 2.78 to 
1.86, while he works with steam at 130 m prsente above 
the atm . I am of opinion thatif M. Mallet would 
increase the ratios between the high and low-pressure 
cylinders, say, 4 to 1, and use steam at the pressure men- 
tioned above, he would work with ter economy and 

a better result. I may mention that I have fitted this 


escription of engine into five s' rs varying from 62 ft. 
to 120 ft. long, all of which have given satisfaction in their 
working, while the consumption of coal is little more than 
half what it would be with the ordinary high-pressure 
engines ; the ratio between the cylinders varies from 3 and 
4 tol. Lalso notice in your issue of 27th of June 
the report and partcalas of a trial of a portable 
engine made by Messrs. John Fowler and Company, of 
Leeds, on the compound and non-co: ing system ; the 
small consumption of coal required for this engine will, I 
have no doubt, induce others to try the same principle. 
Some people condemn the compound engines as being com- 
pli and requiring more attention in wor! ; this, 

owever, is altogether a delusion, for the compound engine 
as above described is quite as simple in its working as any 
two cylinder high-pressure engine, while the results in 
saved at the of twelve months will 





the of 

show a ce in fayour of the compound e almost 
sufficient to pay for it. These engines are now b intro- 
duced into the tea districts of India, and are pring, genase 
satisfaction. I shall be glad if you can give this letter 
a place in your paper—it may amuse some if. it is not in- 
teresting. Yours faithfully, 

Calcutta, September 2, 1879. G. Scorr. 
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LOCOMOTIVE CRANK AXLES, 
To THe Eprror or ENGINEERING. 
issue of the i i 


4 el. 

In it he attempts an explana’ of the causes of the 
failure of locomotive crank axles, and advances a theory 
based on assumptions which cannot possibly obtain in 

ice, and which even if true will not account for the 
ailures as invariably occur, all his reasoni applying 
with test force to the outside web of the crank, whereas 
it is the inside web of the crank which is most severely 
strained, as I shall presently show. 

In the first place, assuming Mr. Birckel’s analysis to be 
correct, his proposed remedy of lightening the crank-webs 
for the up the shock due to the lateral 
Siieies ai bene tashees. sell te 9 apet wed -t0 

re) g@ springs sui a 
them to withstand the additional strain when the 
ine is changed to an old rough road. A practice which 
I doubt whether even Mr. Birckel d recommend. 
But Mr. Birckel’s assumption that the lateral movement 
the wheels and axle is arrested by the flexion of the 
crank-webs ia quite untenable, for, in order that it should 
be so when, as he assumes, the wheels and axle have 
bodily acquired a sidelong motion, it is that the 
crank-pin be a fixed point. Now, this can only be if it is 
spay bane the slide bars by the connecting rod, and 
w we consider the length of this rod, and its small 
section co pe with the crank-webs, also the play of the 
big and little end ings and the play of the slide blocks 
in the bars, it must be plain that this freedom of i 
and the spring of the connecting rod will allow the axle 
and boxes to move home in the horn-blocks, and thus throw 
the strain on the frames long before there is any strain 
worth of on the crank-webs, or any necessity for 
their yielding at all, except in a very small degree when the 
ley of the axle boxes in the horns is not equal on both 
es. 












































Again, if the bi 





and little end bearings be so tight, and 
the connecting so rigid that it will not spring as easily 
as the crank-webs (as Mr. Birckel must assume in order 
to la his fixed crank-pin), the momentum of each wheel, 
an 


the portion of the axle between it and the nearest 
crank, will all be taken up by the outside web of that crank, 
and the comparative 1 momentum of the axle be- 


tween the cranks will be divided between the two inside 
webs ; how is it, then, I would ask Mr. Birckel, that the 
inside web is the one that breaks? 

Again, the supposed sidelong stress will produce a uni- 
form bending moment in the crank-arm, which will strain 
the material as severely near the axle as at the crank-pin ; 
and the bending moment due to the cylinder pressure will 
of course be a maximum close to the axle, diminishing to 
nothing at the pin. : . 

The other stresses considered by Mr. Birckel, it is easily 
seen, produce a uniform strain on the web, and hence the 
sum of these strains is test close to the axle, why, 
then, I would ask Mr. Birckel, does the axle give at the 
pin where the strain is smallest? 

And still again, if it be, as stated, the sidelong stress 
which ruptures the material, how is it that the fracture in- 
variably commences on the inside of the web near the pin 
where the material is in compression due to that stress ? 

Thus much for Mr. Birckel’s theory, and it still remains 
to show the real cause of fracture. 

Let us now consider the strains on the crank-webs when 
they are in a horizontal position, instéad of, as he does, in 
the vertical. 

Referring to the sketch, it is clear (@ priori) that the 
part of the crank 6 is that which is most severely strained, 
as it is there that always commences. 

An instance of this has in my own experience 
during the past week, the fracture being as shown in the 
sketch, where the shading shows the partial fracture which 
had been some time existing before complete rupture took 

lace. It is then to the strains at this point that I would 
irect attention. 

Firstly, consider the section ab. We have: 

1. A torsion due to the cylinder {pressure on the other 


crank. 
2. A bending stress due to the same cylinder pressure. 





THE HALIFAX BOILER EXPLOSION. 
(For Description, see Page 342.) 




































































































































3. A ing stress due to the live load. 
4. A shear due to the pressure in its own cylinder. 


The first of these arises in this way. The cylinder whose 
crank is vertical is doing all the work for the moment while 
it is in that position, and it can easily be shown that when 
the engine is exerting its test power that half. of this 
must pass through the axle to each wheel. This of course 
produces a torsion in the body of the axle between the 
cranks, but it also produces a torsion upon the pin, the 
strains on which we are considering, acting with a leverage 
equal to twice the length of the crank-arm ; and it also 
produces a bending stress of the same moment on the in- 
side crank-arm at the section c d. 

The second and third stresses require no explanation. 

_ With regard to the fourth, I may mention that imme- 
diately on, or even before, the anaes attaining the hori- 
zontal position, the fall pressure of steam is on the piston, 
and this will produce a shear on the crank-pin before the 
other stresses cease to act. 

Let us take an example : 

The unit stress on section a b will be 

' 
F= PR oes r,Wrn 

196 2r LI I 


In which P=total pressure on piston. 
W=load on one wheel. 
I=moment of inertia of the section ab. 
R=1 h of crank-arm. 
r=radius of crank-pin. 
b and d=thickness and width of crank-arm. 

If this is worked out for a cylinder 18 in. by 24in.; 
pressure 150 Ib. per square inch ; load on drivers—10 tons ; 
and 7 in. jo , it will be found that F=13,050Ib., or, 
say, 6 tons, a stress which does not allow of a very large 
factor of safety considering the shocks, vibrations, and 
consequent deterioration to which these axles are subject in 


# 
2ar* 








practice. 
Secondly, consider section cd. The principal stresses 


are : 
1. The bending stress, mentioned above, due to the cy- 
i pressure on the other crank. 
2. A torsional stress due to the live load. 
Which give a total stress per square inch, 
6PR Wn 






If this be worked out as in the first case it will give a 
strain of about 6300 Ib. per square inch. 

This is the greatest strain upon the crank-arm in any 
position of the crank, and it will be noticed that it a ti 
to only about one-half the strain on the crank-pin, and 
would of itself be quite insufficient to cause rupture. 

Now, in my opinion, fracture takes place in the follow- 


ing way: 

There is a point where the two sections, which we have 
been considering, meet, and the stresses on these sections 
are to some extent superposed at this point, and here a 
fracture will commence, and gradually spread, generally in 
the direction shown in the sketch, viz., at an angle of 
about 45 deg. to crank-pin and arm. 

This nek will not materially lessen the strength of the 
crank-pin till it has advanced about half through the arm ; 
for the section of the pin may be supposed to have advan 
with the crack, and not to have lost in area. When the 
crack has reached this point, the moment of resistance of 
the arm will be about half of what it originally was, so 
that the unit strain upon it now will be equal to that upon 
the crank-pin, which renders it a matter of uncertainty in 
which direction the crack will proceed, whether across the 
arm, as in sketch, or the pin twist out as in a ball-and- 
socket joint. 

This wili also account for a crank running for a very 
considerable time after a crack has first appeared. 

The remedy then which I would oom, so far from 
being a lightening of the cranks at their weakest point as 
pro by Mr. Birckel, would be to enlarge the pin, 
most particularly at its junction with the crank-arm. 

Much more might be said in support of this view, but 
space will hardly admit of it. 

I an, Sir, yours truly, 
A PATTERSON, Jun. 

44, Victoria-street, Dublin, Oct. 20, 1879. 








STEEL FORGINGS. 
To THE EDITOR oF ENGINEERING. F 
S1r,—I regret to find that by an inadvertence I stated in 
my letter of the 8th inst., that the article referring to 
my patent ap’ in your paper of January 4, 1878. It 
appeared in The Engineer of that date. : 
ill yon kindly insert this explanation in your issue of 
this week, and oblige 
Yours truly, 


W. H. CarmontT. 
Company, Limited, Openshaw, 


The Cyclops Iron 
Manchester, 1879. 








QUEENSLAND CoaL.—Mr. A. C. Gregory, geological sur- 
veyor of Southtown, Queensland, is ing on a series 0 
experiments with the coal from different Queensland coal 
pits, and with various sorts of colonial wood, with the 
object of testing how much water a given quantity of coal 
or wood can convert into steam ofa given pressure, 80 as to 
ascertain the economic value of these commodities for fuel. 
The results, so far, are + nb emma to Queensland, 





Pe + ae 


as against New South W: 
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GIVING MOTION TO INDICATORS. First Series.—Effect of the Extent of the Surfaces in Third Series.—Effect of the Number of Plates. 
To THE EpIToR OF ENGINEERING. Contact. 

Srr,—I desire, with your kind permission, to com- Coefficient of 
municate to the profession, through your columns, an t — Pressure. Friction during 
elegant improvement in the method of giving motion to the] * 183 3 ra Motion. 
paper drum of the indicator. — i) E a 3 

The conmeen z illustration will make it oy “tet 3 = A 
clear. The old-fashioned way has been to lead the co A= | gj | 8 a A] 5 5 E 

rallel with the piston motion to a pulley. This pulley 4 Remarks. me ba rR ee 
a for various reasons, been a cause of annoyance, g ae 2” A ° g a a 
especially at high speeds, but although I have probably 3 3 a ad g 8 
been worried by it as much as any one, it never oc =3 S 58 35 ral Fe 
$0 me to try $0 dispense with it. At the Centennial, Mr.| © a | am 5 q F 8 gE 
Ge J. fardwell of Rutland, Vermont, exhibited yg = n 4 a A | Mm oe 

veless engine, and on i ‘ound an ement for Jo es v . ‘ i . 
giving motion to the indicator drum that filled me with 64 | 2240 | 35 | .650 |Very irregular and jerky. | 84. in. Ib. Ib. 
admiration, not wholly unmixed with mortification, that I} 32 ” 70 | .481 ” ” 32 1 1120 35 .590 887 
had never thought of so obvious a thing myself. 16 ” 140 480 ” ” ” 2 ” ” .430 918 
4 ” 560 .568 ” ”» ” 3 ” ” 412 1.110 
9 4 % 9 336 1.140 
” 5 ” ” .276 
Second Series.—Effect of Variation in Pressure. Means 408 1.014 
aa Fourth Series.—Effect of Motion. 
Coefficient of Friction 
Pressure. during Motion. 
Coefficient of Friction 
re Pressure. at Starting. 
$ a ; 
a ° * 
i] a 8 3 a 
: 5 || Bag i 8 2 | 8 | & 
A 5 a r ba ri 
g 3 bem ee) A=} 5 E 
a | ¢ | 23/882 | 2 | 3 ome 
E S b | $a3 | £4 ; B ae 
mn = o¥ n o 5 3 5 E § 
wey 
eq. in. | Ib. Ib. onside = = 
32 1120 35 418 446 sq. in Ib. lb. 
os 1680 52.5 403 .438 82 1120 35 890 1,303 
2240 70 425 426 a 1680 52.5 394 
> 2800 87.5 533 423 -- 2240 70 560 1.137 
‘ 3360 105 573 379 os 2800 87.5 440 
“ 3920 122.5 568 319 = 3360 105. 467 941 
ve 4480 140 546 322 7 3920 122.5 ‘473 
ye 5040 157.5 543 821 ~ 4480 140 453 675 

He attached to the vibrating lath a short arm, in which aed 175 585 29 * 500 175 ia mu 
to set a pin, at B for example, if the cord was to be taken 
in the direction BC, or at C for the direction C D. Of 
course, I have not used a pulley since then. It was, how- Means ... ove a -505 875 Means 454 953 
ever, necessary always to make several measurements and 
prepare a diagram showing the direction of the cord, in 
order to get the correct position of the pin, and for two Firtu Serrzs.—Errect oF SPEED AND OF WEAR, SuRFACES IN ConTAcT 32 SQUARE INCHES. 
panageen positions of the indicator to have two pins and 

wo cords. 

Lately, in preparing to indicate an engine at the works Total Pressure. ane —— — ox —- 
of the Cambria Iron Company, a workman whose name I Means. 
wish to give, Samuel A. Brumbaugh, after were 
directions for a rig such as above described, asked, ‘‘ Why | Number of Experiment. ... y 10. 4. 7 3. 8. 5. 6 2. 9 
not bolt on the lath a segment of a circle, with a groove 
turned in the edge, secure your cord at the end, and you Speed per Minuute. 
can lead it away in any direction you like, it will always 3 in. 317 347 | .541 | .402 
leave the circle at the right point, and you will have no oe 821 sie 472 | .588 | .460 
measuring to do?”’ ‘ 10 ,, .326 476 ii si 885 | ... .396 

I did not hesitate to adopt the suggestion. By turning ' 366 ies is “ie 416 | .677 |... ose -- | 598 | .513 
a broad groove the string always falls in it, and nothing can 20 ,, 410 534 | .567 | 418 | 612 | 454 | 522] .. | 497 | .502 
work more admirably. Very truly yours, 


CHARLES T. PORTER. 
Newark, N.J., September 26, 1879. 

(We willingly insert Mr. Porter’s letter, for if the method 
of giving motion to indicators which he describes is new 
to him it will certainly be new to a large number of our 
readers. At the same time itis notreally novel. We our- 
selves schemed the same arrangement for our own use some 
years ago, and we have found it a convenient one in many 
cases. We believe it has also been used by others, 
although it isnot as well known as it should be.—Ep. E, | 


HYDRAULIC COMPRKESSURS FOR GUN 
* § CARRIAGES.* 
Description of the Compressors on the Krupp, Rendel, 
and Vavasseur Systems. 
(Continued from page 318.) 

__ We have said that the coefficient of friction of iron on 
iron is very variable ; this is shown from very numerous 
a made by Mr. Butler at Woolwich Arsenal in 
order to determine the best materials (whether wood, 
metals, or a combination of both) for the construction of 
the plate compressor. In these experiments the mode of 
action of the compressor was followed as closely as ible, 
and the plates that were tried were made to slide between 
other plates. 

The sum of the experiments proves that constant results 
could not be obtained, no matter what the materials tried, 
and it is consequently impussible to determine therefrom 
exactly the values of the coefficients of friction. 

That which here particularly interests us is as to the 

haviour of wrought iron sliding upon wrought iron, since 
this is the only metal now used for plate compressors ; we 
wed gre therefore, only those coefficients which relate 


In that which immediately follows the coefficients of 
friction are calculated for one entire plate, that is for two 
Hoge | surfaces ; it will, therefore, = necessary to take 
the half of these figures if it be desired to compare them 
with those of other experimentalists. 

The experiments have been divided into five series, and 
the following is a summary of the results obtained : 


* From the Revue d’ Artillerie. 


















































We have given all these figures in order to prove that no 
control can exercised over the co-efficient of friction ; 
consequently, it appears difficult to arrange, at will and 
with certainty, the resistance of the plate compressor so as 
to avoid blows; if it cannot be improved it will be ad- 
vantageous to abandon it and replace it by the hydraulic 
compressor, which appears much more adaptable to the re- 
quirements of both land and sea service. 

Hydraulic Compressors. — The hydraulic compressor, 
the first conception of which originated with Dr. C. W. 
Siemens, consists of a cylinder filled with suitable liquid, 
and fixed to the slide. In this oo works a piston 
pierced with holes, the piston being attached to the 
gun-carriage. The resistance which the liquid offers to the 
motion of the piston, and consequently to that of the car- 
riage, limits the recoil. 

Such is the hydraulic compressor (or buffer) adopted 
the English Government for several years past, for a 
heavy garrison —— and also for several naval carriages 
in conjunction with the plate compressor. _ : 

This compressor has many advantages ; it is very simple, 
it does not offer resistance to the first motion of the 
carriage at the commencement of recoil, and is completel, 
automatic, that is, ready to act without being touched ; it 
does not hinder the motion of the carriage while mancu- 
vring ; the same compressor will suit i of various 
sizes by simply —- the size of the holes in the piston. 
To compensate for the volume of the piston rod which 
passes in and out of the cylinder, it is necessary to leave a 
certain air space in the latter ; this combination of liquid 
and air is a cause of i rity. : 

To employ oe ic compressor for naval carriages, 
it is necessary to add to ita plate compressor, as the former 
will not serve to the movement of the carriage 
when the ship is rolling. é 

The greatest inconvenience of this compressor is that it 
offers a considerable resistance when the carriage attains 
its maximum velocity of recoil ; its resistance then decreases 
pe gg on this account it strains the material consider- 
ably, although it does not act by jerks like the plate com- 
pressor. 


This t resistance at the commencement of the motior 
considerably increases the couple tending to turn over the 
carriage, of which mention has been previously made, and 
accidents may arise from this cause. Thus, when the 
38-ton gun is fired on its casemate castings, this couple is 
sufficient to lift up the carriage, which, through the hold- 
ing down clips, lifts the platform as well, the whole system 
turns against the rear rollers of the platform, and then 
falls down again violently on the front racer. 

Means have been sought to correct this radical defect 
and to obtain during recoil either a uniform or a progressive 
resistance. To do this, either the sizes of the holes may 
be made to vary, or there are constant orifices closed b 
valves loaded by a weight either constant or variable, whic 
the liquid must lift in order to pass. 

Before giving details of the improvements made in the 
hydraulic compressor, we will first give the theory of these 
compressors, which will enable us to appreciate with more 
certainty the advantages and disadvantages of each 


system. 
(To be continued.) 





Tux MississtpP1.—Contracts have recently been signed 
for the construction of several fast mail steamers to ply on 
the Mississippi between St. Louis and New Orleans. it is 
— that the former city furnishes the capital for 

uilding these steamers, and the near future is likely to 
afford abundant Vg for further investments of a 
similar character, Yaptain Eads’ work at the mouth of 
the Mississippi oa Ra | is = supplied we permaneat 
channel deep en ‘or the largest vessels engaged in 
ocean mm. Coe one or more lines of steamers be 
established between New Orleans and Liverpool, as is 
fondly predicted by the friends of the jetties scheme, St. 
Louis would gain immensely in commercial importance. 
She ought to become the central distributing point of 
the west of the United States for “ sapees and if 
her merchants are enterprising, she will not allow that 
substantial honour to escape her. 
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FOREIGN AND COLONIAL NOTES. 
omeie Accommodation at Port Adelaiie. — With 
wharfage to be given by the South Australian 
Company and the E Port Dock Company, and also mooring 
to be provided by the South Australian Government, 
pee — 4 ~y pear to be ample some time accommodation 
Adelaide for some time, as the outports 
oan et late relieved the harbour of much shipping 
which otherwise would have had to be accommodated in it. 


The South Australian Company are eaieaong they basin, 
from which a jetty will constructed oorings to 
accommodate twelve large ships are to be laid in the 


stream. 


Coal in France.—The production of coal in France in the 
first half of this year was = 138 tons. This total was 
80,966 tons in excess of t production for 
the corresponding period o 1878, 

Nova Scotian Railways.—The rails are laid on the 
Eastern Extension Railway of Nova Scotia for about 30 
miles east of New Glasgow, and track laying and ballast- 
ing will probably be completed this month 
hic Progress.—A ‘short cable has 

Russian Government across the 
ey Rap hy 

wi n subme itherto Ger- 
pa fe been obliged to send al! her telegrams to Norway 
Denmark and Sweden, which was not pleasant 
her delicate relations with Denmark; and 
therefore she the line at her own cost, and all tele- 
between Norway and Germany are to pass through 
Of two American projected cables, one from C California 
by way of the at  - Islands, to Japan and China, is 
more interesting d nearest to tion. Mr. Cyrus | ¥ 
W. Field has an excl from the Government 
u the Sandwich ininnds for such a cable, and he expects to 
obtain, without difficulty, s privileges ay Japan 
and China, since Japan has for several years been greedy 
of telegraphic communication, and even: China has woke up 
to the advantages of the electric wire. When this line is 
laid it will complete the telegraphic circuit of the world. 
The other projected American cable is still a matter of 
talk only oS gsopeciien to ny. 0 KneSeus eer om 
ee os island of the Azores, with a connecting lin 

from Flores to France, England, and Holland, qleuibes 
San Miguel, and Lisbon, the whole 
of cable. This, it will be seen, is a 


at 





American River Steamers.— A projected line of fast 
mails to all river towns betw 








owners of the line, with Messrs. Billings, Powell, and Co., 
of the American Foundry, New Albany, for all the ma- 
chinery, including boilers, for the vessels. Contracts will 
also be closed at once for six hulls, cabins, and outfits. 
The steamers are to be completed and ready for business 
by December 1. 


The Nervion.—The bar at the mouth of the Nervion is 
a great obstacle to navigation. It practically closes the 
entrance during half of each month, and v s of t 
ors it only at — tides. The most advan- 
us t; of v for the Spanish iron ore trade is a 
js om rawing 13} ft. to 4 ft. of water, ne m 
cargo of 1000 tons, with engines of 100 to 120 horse 
The quantity of Spanish iron ore ship in 187 
964,533 tons, while in the first ten om of 1878 it had 
already reached 1,040,000 a 


Costa Rica.—The Government of Costa Rica is con- 
structing a railroad from the Atlantic te the Pacific. It 
will probably be finished within a year or two, when it will 
vigorously compete with the Panama Railroad. 


Defence of a4 a .—A supplementary report has 
been drawn up ir Willi illiam ve on the defence of 
Port Phillip. sts! is sated March been withheld 
from publication to = Wee Vickorion Government to 
purchase Swan Island, which has been recommended as the 
Tite of a battery. Sir William Jervois has advised t 
Government to buy the 10-in. guns which are now 
constructed in England on the new principle of an e 
bore at the part occupied by the charge of powder 
creased length of the gun itself. The new 10-in. are 
recommended in place of the 11-in. “‘ service’ Sg. ormer! 


used. For the defence of the South Channel whic 
vessels of deep draught can alone approach + Ramer 
he advises the Government to push on the construction of 


the fort on the shoal near to No.5 bnoy. In lieu of the 
proposed fort on the shoal between West and Symonds’ 
channels, it is recommended that there should be a battery 
of seven guns on Swan Island. Since the report was re- 
ceived the Victorian Government has completed the pur- 
chase of Swan Island for 27501. 


A Great German eaweny: .—The Dortmund works 
of the German Union Iron Steel Company have three 
blast farnaces and 100 coking furnaces, the annual prod 
tion of Bessemer pig being 48,000 tons. There are also 
mill, maill capable of producing from 60,000 t¢ | will 
ill, and a ill capa’ 

Of steal rails and 12,000 to 15400 tons of tyres, | for 
; Siemens-Martin works, 

mills, with an average 

iron, &c. ; bridge 
Gee cae et Lato 





roofs, turntables, &c. ; railway switch and crossing works, 
with a yearl; "production of 600 switches, &c.; an iron 
foundry, ng 4000 tons of castings per annum ; and 
ob pe: with forge and turning sho 
— of sending off 3750 sets of wheels and axles or 
ms, tenders, and locomotive engines per year. This 
give some idea of the great extent of the company’s 
len works, but the establishment is only one of 
several. At A lerbeck they have puddling furnaces and roll- 
ing mills, capable of turning out 15,000 tons of iron}merchant 
ioonat all kinds in the . At Horst, near Steele, on 
the Ruhr, the —— ny have two blast furnaces 
and 80 furnaces, wit an annual capacity of from 
‘as | 23,000 to 35,000 tons of puddled Pig iron per 
+ eadibag: Seonnese and ane mills for I, angle onmal 
a &c., and iron sleepers for a So mills ; 
works with 1 12 Siemens-Martin furnaces. At Hein- 
richshtitte, near , the company own four blast 
furnaces and 170 coke ovens as of producing 72,000 
eee ee gee es er steel manu- 


‘acturers ; paddling furnaces an ing mills, with an 
annual capacity of 18,000 = of T hlntes 8 , and angle- 
iron, from the smallest to he largest dimensions ; foundry 
with mechanical oe spc oeee of turning ‘out from 
4000 to 5000 tons of casti per ; malleable steel 
casting works with a capacity of pw 1000 tons per 
annum, and lastly Bessemer steel works with two 8-ton 
converters. At Othfresen and ghausen, there are 
six blast furnaces calculated to make 87,500 tons of pig 
iron per Jee 1800 bees y has apy <a 289 steam 
engines, eq orse power ; lowing engines 
for blast furnaces and peg works ; 23 locomotive 
engines ; 24 portable ene steam hammers from 
aoe owt. to 15 tons; 27 rolling oes 16 164 puddling fur- 
welding: and reheati ; 498 coke ovens ; 
197 machine booked all descriptions, and 15 blast furnaces. 
The company have several collieries ’ producing 460,388 tons 
= annum; of this the Giticke-ant-Ticfbea turns out 
1,000 tons perannum. The collieries are in the mining 
district of Dortmund, in the Ruhr Valley, as are also the 
company’s most important i iron ore mines. They have - 
iron mines in the mining district of Bonn (sub-district of 
Liegen), several mines in the Hartz Mountains, in Nassau, 
and.in Sweden, and the production of all the mines is 
122,536 tons per annum. 


A — Russian Bridge.—The largest rn + in a 
next year. It will cross th 
forerament of Samara, Russia, on the Siberian 


=> 


river at the t of ssonsiag i Sone sniies wie in 0 
spring and 4782 ft. wide in the autumn, an te of the 
ae oa 7000007. ft. high and 


Twelve piers, 85 
364 ft. apart, will support the structure. 
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Foreign Work and English Wages. By THomas Brasszy, 
-P. London: Longmans, Green, and Co., 1879. 
Tuts work may be emphatically denominated a work 
of the times; it is a work which will be closely 
considered by those who are interested in the great 
social and political questions which the title indi- 
eates. But only indicates, for we have to turn to the 
contents sheet to learn the subjects in the investiga- 
tion of which the author has conscientiously laboured 
through all contemporary literature. In the intro- 
duction it is said ‘it becomes more and more diffi- 
cult to evolve and establish general principles, in 
proportion as we extend our knowledge of details,” 
and the attempt to do so has hardly been made in 
the work before us. An excuse is offered in a quo- 
tation from Mr. Buckle: ‘‘ We are in that predica- 
ment, that our facts have outstripped our knowledge, 
and are now encumbering its march. In vain do 
we demand that they should be generalised and re- 
duced into order. We hear constantly of what 
nature is doing, but we rarely hear of what man is 
thinking.” The author ‘makes no pretension to 
original discovery, and considers it the chief merit 
of this volume that it is a record anda registry, not 
a work of fancy, imagination, and theory.” The main 
conclusions drawn are that our trade is not suffering 
exclusively from the extravagant cost of labour, that 
the high prices have been mainly due to inflation of 
trade and large profits, and that our industry has 


not been beaten on a large scale by that of foreigners. 
We are told that we may pets more severe cols- 
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ange and an equalisation of prices, and we shall 
ave to be satisfied with 7 or 8 per cent, as a return 
for commercial enterprise. 
The book teems with evidence of research; 
artisans here and elsewhere speak for foreigners and 
or us; statisticians bring forth masses of evidence, 
and explain its nature and relation ; the opinions of 
prime and cabinet ministers are quoted; historian 
and poet, ancient and modern, foreign and home, 
speak forth in prose and rhyme, and the author 
cements the whole together in seventeen separate 
papers, which we shall now consider. 
he depression of trade has been due in the 
author's opinion to a number of circumstances of an 
international character; the depreciation of silver 
has been the effect of the smaller quantity required 
for payments in the East and of the establishment 
of a gold currency by France and Germany ; the 
civil war in America caused a heavy demand for 
goods with an advance in prices, kept up by that 
rigid protection which forces the channel of pro- 
duction and prevents it being economical; the pay- 
ment of a large war indemnity to Germany caused 
there a rise in rents and in wages, general extrava- 
gance, disastrous speculation, and, finally, a com- 
mercial crisis, whilst it crippled the foreign trade 
of France for years; the Hosted armaments of the 
Continent represent in labour removed from in- 
dustrial channels many millions a year, whilst there 
has been a simultaneous increase in the national 
debts of the world averaging 125,000,000/. annually. 
All these influences have reached here; trade has 
been inflated; we have supplied bankrupt states 
with goods after first providing them with the means 











ee 


of purchase; the Eastern famines have produced on 
a  sronee scale the same effect that our own bad 
harvests have in diminishing the purchasing power 
of the people ; finally, men of experience retire from 
trade and manufacture, and their places are filled 
by those of less experience in some cases, while in 
others a personal management is supplanted by a 
general direction. The author sympathises with the 
legitimate aspirations of the working population, 
whilst he remarks on the selfish misconception that 
restricts the individual energy of the members of 
trades unions, 

With regard to the fall in prices, with which the 
deficient gold supply has had much to do; offering 
goods at these prices may increase the demand for 
them, and cheapness of food and raw material, both 
of which we can command, thanks to free trade, are 
the best aids to renewed activity. In our cotton 
trade there has been no diminution in quantity, 
and the diminished value of our exports has been 
equally due to lower cost of raw material, smaller 
profits, and diminished wages. Owing to the supply 
of raw material being cut off by the American war, 
stocks diminished, profits enhanced, new mills were 
built, hee were multiplied, and over production 
naturally followed. The author holds that curtail- 
ment of production is inevitable when a reduction in 
price does not relieve an overstocked market; the 
workman’s duty is to fix a standard of living, and 
if he cannot obtain that in his trade here, he must 
enter on another or go elsewhere, and not dictate to 
the manufacturer and merchant what they are to 
do. Although we cannot in the future expect all 
our spindles to be running, the following figures 
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are both satisfactory and show that though protec- 
tive tariffs enable a country to supply its own market 
at an eohanced rate, they are a hindrance to expor- 
tations to a neutral one. In 1878, France sent 
740.000 yards of cotton goods to India, Italy sent 
1,750,000 yards, while we sent 2,055,000,000 yards 
and 342,000,000 to Europe. We exported alto- 
ether 67,640,000/. wo as against 1,549,000/. 
rom the United States. A Times correspondent is 
uoted as writing ‘‘that the increase of production 

ue to improved methods was 23 per cent, in Eng- 
land, and 100 per cent. in Massachusetts,” the 
difference being caused partly from the latter start- 
ing from alower platform; and in gauging our pro- 
bable future position, it will not do to rely upon 
the fact that our present “potential producing 
power” is one-fourth greater than that of the rest 
of the world combined, but we must not be satisfied 
till each spindle here is equally or more productive 
than each spindle elsewhere, and if we have a 
humid atmosphere in our favour, cost of carriage of 
raw material is slightly against us, and we must 
overbalance this by using our power more economi- 


The demand for machinery and railway material 
both in America and on the Continent after the 
Franco-German War soon exhausted the stocks of 
manufactured iron and steel goods; prices being 
high the manufacturers increased their business, 
until, finally, the supply much exceeded the demand ; 
this was followed by a period of idle furnaces here 
and everywhere, and the amount of the depression 
may be gathered from the share capital in iron 
works having fallen 50 per cent, in the last five 
years. The author considers that we need not fear 
the rivalry of Belgium, because their trade is so 
small, but the fact remains that the Belgians have 
outbid us in our own markets. And whilst Belgium 
supplies us with cheap building iron, America sends 
us edged tools and some kinds of machinery, and 
her ability to do this is due to suggestions and in- 
ventions being tried there more readily than here, 
and whensuccessful being forthwith applied. Still Mr. 
L. Bell is satisfied that we produce as cheaply as any 
nation, and if this is so now, how much will it be to 
our advantage to use, as we can afford to do, labour- 
saving appliances in every step of every manufac- 
ture? Another point we have to consider is the 
requirements of foreign customers, as the statistics 
prove that the Americans and French have gained 
ground which we have lost, not owing to cheapness, 
but to the supply of articles of a design and pattern 
suited to the requirements of the importers, and 
this appears to have been prinsipally the case in 
regard to locomotives and agricultural machinery. 
In favour of this country, it must be remembered that 
nowhere else is capital so plentiful, coal and iron ore 
so contiguous to each other, or shipment so easy, 
and that though we have been undersold, this may 
be due to our manufacturers and men being better 
able to withstand enforced idleness, so that the 
‘‘ immediate needs of joint stock manufacturing com- 
panies elsewhere have produced prices which may be 
quite fallacious as a measure of trade.” 

The agricultural interests have suffered from bad 
harvests and low prices, due to heavy importa- 
tions from America, both of wheat and meat. Since 
the panic of 1873 wheat has been grown in the 
United States by emigrants from their industrial 
centres. ‘The cost of transport to England is equal 
to the rent of the British farmers. In Eogland we 

roduce 30 bushels to the acre, while in the 
festern States they obtain but 13, proving that 
heavy work on our stiff clay, with plenty of rich 
manure, is more advantageous than the light treat- 
ment of a rich loam. The Western grower has no 
manure to provide, and only the richest lands are 
cultivated ; but this state of things will not last, 
With regard to meat, there has been a decided in- 
clination to raise stock in England ever since the 
repeal of the Corn Laws, and during the last decade 
there has been an increase in permanent pastures 
amounting to 200,000 acres per annum. ecently 
our graziers have had to vie with America, but the 
charge for freight should more than enable the 
British agriculturist to compete against foreign pro- 
duce. Whilst bread has remained constant during 
the last century, meat has nearly trebled in price, 
and butter more than trebled, but the author does 
not carry this fact to its legitimate issue, which is, 
that the price of meat in England is much too 
high, and that this foreign competition in meat is 
for the people, though it may be bad for the 
armers, I¢ is well known that after the passing of 
the Corn Lawa the farmers have made larger profits 


than they ever made before through the meat pro- 
duce. The increase in the price of farm labour 
may account for a certain proportion in the rise in 
the price of meat, and for a larger proportion in the 
case of butter, but for nothing like the price at 
which these are now sold. At the present time 
landlords do not receive an average net profit of 
more than 2 per cent. upon the capital value of 
their land, and except when otherwise wealthy 
could not afford a reduction in rent, and what the 
farmer needs is security of tenure, and protection 
to his capital. 
The author advises more energetic, efficient, and 
economical labour, more attention to secondary 
produce, and reduced holdings, although a com- 
parison of this country with others in the returns 
= acre does not favour the notion of small farms. 
n referring to the subject of relative exports and 
imports, which appears to be one quite misunder- 
stood by protectionists, the author rightly bes gem 
that the payments on capital invested abroad, and 
the drawings on India, are supplied by the excess 
in value of imports over exports, the former consist- 
ing for the most part of food and raw materials of 
industry. He agrees with the Earl of Beaconsfield 
that foreign competitors have succeeded in making 
a limited number of articles at a lower cost than 
ourselves, but have not beaten us in any important 
branch of trade. 
Mr. Newmarch’s paper before the Statistical So- 
ciety is quoted thus : 
Increase in Imports, 1860-1875. 
Four foreign countries, France, 
Austria, Russia, and United Per Head. 
States... one eee ..» 206,000,0001.= 26s. 
United Kingdom ... .-» 164,000,0001.= 100s. 
Increase in Exports, 1860-1875. 

Four foreign countries ... .» 160,000,0001.= 22s. 
United Kingdom... .. ... 90,000,000U.= 52s. 
In other words, the 30,000,000 people in the United 
Kingdom, aided by free trade, bear most advanta- 
geous comparison with the 150,000,000 relying upon 
protection, whilst the increased exportation of un- 
enumerated articles is strongly suggestive of a 
vigorous and increasing inventive trade. The di- 
minished exportation of finished goods is the result 
of foreign protective policy, which increases the 
taxation with the amount of work put upon the 
material, the profits being realised by importers and 
manufacturers at the expense of consumers. The 
price of agricultural labour rules that of other 
labour, and as agricultural profits dimiaish it is in- 
credible that an expensive protective system can 
continue to be popular, Mr. Newmarch considers 
that the growth of a country depends upon the 
cultivation of the imports, the exports taking care 
of themselves, and upon the benefit of the consumer 
being considered of paramount importance. The 
author appears to fear that the United States will 
some day be dominant, and refers to the increase of 
their export trade to account for this ; but the fact 
is Mr. Newmarch is right, and that any country 
that carries on its trade behind a wall of protection 
simply acknowledges its inability to come into the 
open field. America will have to gradually abandon 
her protective policy, as her productive power in- 


creases, if she seeks to attain the position Great 


Britain now possesses of being the emporium of the 
world ;—a position due in part to the ascendancy of 
British maritime enterprise, but chiefly because, 
through the medium of free trade, every foreign 
country is assured they can obtain here every raw or 
manufactured product of any other country at the 
cheapest price and in the easiest way. Such a position 
would indeed be—unless perhaps in the remote 
future, when commercial conditions may have com- 
pletely changed —scarcely a desirable one for the 
United States, which is essentially a manufacturing 
country, with boundless resources, and a power of 
development unparalleled ia the history of the world. 
A carrying trade performed by one country for two 

thers is not a lucrative one for that country —on 
the contrary—but it is wise to carry other people’s 
goods for their benefit if you can thus introduce your 
own and sell them at a profit. 

In a chapter upon the comparative efficiency 
of English and foreiga labour, the author produces 
a mass of evidence in favour of the work of this 
country. Mr. I. Lowthian Bell is put forward as 
sponsor for the worker in iron, Mr. Mundella for 
those in textile fabrics ; whether compared with the 
Yankee, Belgian, Frenchman, or German, the 
British workman stands forth unrivalled—though 
less learned, less sober, and less refined, he is the 











better workman, more inventive, and more ready, 





If anything gets out of gear he has it in order again 
while a foreigner is thinking of what to do or how 
to doit. The author acknowledges “ that he would 
take the opinion of the literary man or the economist 
rather than that of the manufacturer,” and he brings 
forward evidence enough to satisfy those who agree 
with him. ‘ If our workmen drink so do the French ; 
if ours are prodigal so are the American; if ours 
strike where do they not? we have the advantages 
of climate and race in our favour; finally, the habits 
of industry of our workmen are derived by in- 
heritance from their forefathers confirmed by the 
example of their fellow workmen, and stimulated by 
emulation, and our labours are wrought in the most 
favourable climate in the world for the develop- 
ment of the bodily and mental energy of man.” We 
believe all this has been true, and may be true 
again, but it does not apply to the present day, 
when the workman casts off allegiance to his 
master to give it to the secretary of a trades union, 
and considers the latter instead of the former as his 
best friend, although one lives on him and the other 
enables him to live. 

The author explains the cause of the formation of 
trades unions as the natural outcome of the develop. 
ment and growth of industry; but adds, that as the 
demand for labour regulates wages, these cannot be 
fixed arbitrarily, and dictation is only successful 
when labour is scarce, and unions are quite unable 
to arrest reduction of wages in times of depression. 
He approves of working men taking advantage of a 
period of prosperity to secure to themselves leisure 
to develop their physical vigour and social and in- 
tellectual improvements. The British workman, 
he acknowledges, seeks protection whilst every one 
else in this country for his benefit desires to be 
free, and trades unions do wrong both in objecting 
to piecework, and in not rewarding diligence or 
superior intelligence among their members; whilst 
he holds that the future of British industry is de- 
pendent upon its freedom from the restraint imposed 
by those unions whose labours, if not arrested, may 
turn work aside from this country to where it can be 
produced untramelled. The author proposes a labour 
statistic department, to compare the trade, wages, 
efficiency of work, hours of labour, of all manufac- 
turing countries, hoping thus to divert the energies 
of trades unions from the organisation of strikes to 
the study of statistics. Ifsuch a result might be 
expected, the cost of such a department would be 
cheaply purchased, 

Co-operation may be defined as combination for 
mutual profit; the author thinks it is best adapted 
to small undertakings and establishments, but 
hopes we are making progress towards that equitable 
association of capital and labour which is the aim of 
co-operation. We are of opinion, however, that 
co-operation is only another name for pro- 
tection, and although it may be fashionable fora 
time it must eventually give way to that freedom of 
action in which each takes the position in the com- 
munity for which he is best fitted. 

The colonies are a source of wealth and strength 
to the mother country ; through their means emi- 
grants are sustained, who in other countries have 
to seek an asylum in foreign lands; we export to 
them labour to the annual valueof about35,000,000/., 
and it is owing to the market thay offer that our 
exports have not materially declined. The advan- 
tage is mutual, as all direct trade between two 
countries must be ; they are growing in wealth ; we 
relieve them of what food and raw material they can 
supply ; we supply them with the labour to produce 
this, and to a great extent with the money too, and 
the author draws attention to the wisdom of 
capitalists who seek investment away from this 
country assisting emigrants to our colonies rather 
than enterprise in the United States or foreign 
countries, There is no doubt that had the 
615,000,0002. of foreign loans gone to assist and 
carry emigrants to our own colonies, instead of 
having been half ogmaestes, and having greatly 
assisted to support foreign feuds, it would have had 
the effect of supplying us with a larger market 
whence to draw our imports, and whither to send 
our exports, and would have made us independent 
of the protective tariff of foreign nations, 

There is a chapter on the accumulation of capital 
and law of wages, in which we find some old truths 
insisted on. Wealth is unequally distributed; it 
must be so ; it is generally formed c saving ; wealth 
creates employment and benefits the working man ; 
poor annuitants supply largely the capital for great 
undertakings ; ‘“ capital is the result of self-denial.” 
The natural price of labour is the cost of living, but 
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in this country it is regulated by the demand, and 
falls or rises according as property or population in- 
creases in the greater ratio ; wages also follow prices. 
But here the author makes the error in his powerful 
advocacy for the working man, of insisting that the 
two should rise in the same proportion. He refers 
to the injurious effects produced by speculators, and 
to the value of a trade where goods are made to 
order, but some one should speak out against the 
gambling on the exchanges, which upsets the ar- 
rangements of masters and men, producing fictitious 
values and demands, and disarranges the trade of 
the country. The man who will use his energy in 
making it penal for any one to deal in pig warrants, 
unless he delivers or receives the quantity of iron 
set forth, would serve his country, manufacturers, 
and working men in no mean way. 

There is a chapter on the improved condition of 
the people, and another upon their social and moral 
condition. Statistics prove that our ople are 
better clothed, fed, housed, taught, e occupied 
now than ever; the population is now two anda half 
times as large as at the beginning of the century, 
and there is therefore much cause for gratification 
in this knowledge. The death-rate has fallen, and 
now stands lower than the majority of European 
countries; this has been due both to improved sani- 
tary arrangements, and to the legislation relating to 
factories, collieries, &c. The average consumption 
of meat throughout the kingdom is that of 4 1b. per 
head, which the most skilful physicians advise, but 
considering the numbers that never have meat, and 
the number of children in the population, it is evi- 
dent that the majority of men eat theoretically too 
much of this food, although the author holds a 
different opinion, It is gratifying to discover that 
the returns of building societies and saving-banks 
show that the people have been learning habits of 
thrift; and that even during the hard times we 
have been passing through they have been saving. 
‘‘Numbers are indeed a source of strength, but 
only so when their reasonable physical wants are 
supplied, and when they have been sufficiently 
educated to be enabled to ascend from the 
drudgery of their daily toil to the nobler concerns 
of life. It is the lot of man to labour, but his 
labour should not be so incessant or so exacting as 
toleave no space for thought. As Mr. Bagehot 
said, ‘Refinement is only possible when leisure is 
possible.’ To work hard sixteen hours a day may 
be good for trade but not for humanity.” ‘This is 
what the author holds ; it is unfortunate, however, 
that the work of the working man, of which he 
should be prouder than ought else, should be entitled 
drudgery. Throughout the volume the English work- 
man is hardly once reproved, his faults are not his 
but those of others ; so strong indeed is the advocacy 
that one is apt to think the author has acted the part 
of counsel instead of that of judge. 

From what we have said, it will be seen that Mr. 
Brassey’s book while possessing much real value, is 
far from being an unprejudiced inquiry into that 
great question—upon which the welfare of the 
nation depends—our powers of production and of 
competion ; it is our own weakness which requires 
to be exposed rather than that of other countries, 
and we think that had the author held a brief for 
the prosecution instead of the defence he would 
have rendered the country a far more useful service, 





CANADIAN RAILWAYS.—No. XXVI. 
Toronto, Grey, AND Bruce Railway. 

In the year 1867 the construction of this railway 
was first proposed to tke citizens of Toronto, It 
was the year of Confederation, and born of that 
enterprise, the result of the political change which 
gave Canadians a feeling of self-reliance in con- 
templation of the enormous territory that was now 
consolidated under the Dominion Government. In 
1868, the first session of the new Parliament of 
Ontario, and the same that gave a charter to the 
Toronto and Nipissing Railway, the Toronto, Grey, 
and Bruce applied for and obtained their Act of 
Incorporation. Both roads were under nearly the 
same management, Sir Charles and Mr. Douglas 
Fox, of London, were the consulting engineers for 
both, and they were introduced as equally important 
to the interests and progress of Toronto, and sup- 
ported exclusively by pape connected with that 
city. The Nipissing had a distinct and definite 
object to reduce the cost of fuel to the city, to open 
up a new and valuable farming district; and ae 


mately to tap and prepare for settlement a large area 





of land hitherto inaccessible, which it proposed to 
render tributary to the trade and market of Toronto. 
The Grey and Bruce, on the other hand, had an 
equally definite object in laying open to the capital 
an important section of country, then rapidly filling 
up with settlers, whose business would in a short 
time be of considerable extent, and whose trade, 
both as producers and consumers, it was desirable 
to secure for the city, and to open up, in addition, a 
new through route to the waters of Lake Huron, 
and the immense wheat districts of the North- 
Western States. In this, however, it necessarily 
became a competitor to the old-established and 
popular Northern Railway, and its application for 
statutory powers, although backed by the leading 
merchants in Toronto, was only carried after a great 
struggle, and by a small majority. Like the 
Nipissing road, it proposed to use nine miles of the 
Grand Trunk Railway, towards the west, as 
the other did to the east, and like it, was to be a 
narrow gauge road, and to lay down a third rail 
intermediate between the Grand Trunk rails to suit 
its 3ft. 6in. gauge. These two railways, especially the 
Grey and Bruce, the longer and more important line 
of the two, redirected public attention to railways 
as an investment. The experience of the past 
twenty years was carefully examined, and the con- 
clusions arrived at, which are no doubt still correct 
for Canadian roads, were that to be remunerative, 
of the total capital expended aJl but from 10,000 dols. 
to 12,000 dols. per mile should be contributed by 
the municipalities and Government, without any 
interest charges against the railway, as a bonus for 
the general benefit derived by the whole community 
from their construction, and therefore to be supplied 
out of the public chest; that with the balance de- 
rived from private capitalists, they might safely be 
trusted to handle the property in the best way for 
tke interest of all, and therefore that for the money 
thus publicly given no restrictions were necessary 
as to its expenditure, other than the certificate of an 
engineer as to the progress. of the works; and that 
7 or 8 per cent. in a good district might be earned 
by ordinary mauagement on the portion of capital 
subscribed by the ge 

The length of the road as projected was about 
200 miles, and the estimate for everything, in- 
cluding land and equipment, was 16,000 dols, as 
mile, or about 3,200,000 dols., and as half of this 
was promised by the different municipalities in- 
terested and from the Ontario Government, the 
other half, not exceeding 8000 dols, per mile, 
seemed tolerably certain of securing a fair return on 
the investment. The extent and value of the sup- 
port extended by Toronto was evinced by a sub- 
scription of 320,000 dols, to the stock, a large 
subscription to the bonds, and a bonus of 250,000 
dols. from the city. 

The original charter provided for a railway from 
Toronto to Mount Forest or Durham, 90 and 100 
miles respectively north-west, and thence for three 
extensions or branches north, north-west, and west 
to Kincardine, Southampton, and Owen Sound, 
three ports on Lake Huron, The Wellington, 
Grey, and Bruce Railway, which now runs to the. 
two former of these ports, was not in existence, nor 
was any other line oan in the field proposed to be 
occupied by the Toronto Company. It was pro- 
vided in the charter that a minimum capi of 
300,000 dols. was to be subscribed before the 
charter could go into operation, which might be in- 
creased to a million dollars, if necessary, and the 
company was limited in the amount of bonds it 
could issue to the extent of the paid-up share 
capital, together without any bonuses actually 
received and expended upon the work, and as nearly 
2,000,000 dols. would be derived from the shares 
subscribed and the bonuses, not over 8000 dols, per 
mile was expected to be raised by mortgage bonds, 
The nine miles of the Grand Trank here used in the 
approach to Toronto made a considerable saving in 
the land damages to be incurred, and as gradients 
and curves much more severe than usual were 
allowed, the line was as nearly as possible on the 
surface throughout, and the fear of any mistake in 
the estimates was dispelled by offers from re- 
sponsible contractors to do the work for the amounts 
stated. On the 5th of October, 1869, the first sod 
was turned by Prince Arthur, who happened to be 
then ona visit to Canada, and work was immediately 
pushed on the first section between Weston, where 
the line diverges from the Grand Trunk nine miles 
from Toronto, and Orangeville 40 miles further. 
To this point the rails were laid by the 1st of May, 
1871, the grading and bridging of a second section, 





23 miles long to Arthur, 72 miles from Toronto, 

being well advanced, leaving only 15 miles to 

a Forest, where the radiating branches were to 
iverge. 

At this point a difficulty arose which made one- 
half of the scheme useless, and endangered the value 
of the whole. The townships between Mount 
Forest and Owen Sound, the northern and most im- 
portant of the three feeders, refused to contribute 
the bonuses that were expected. The form neces- 
sary to adopt to secure these municipal gifts is, after 
a public meeting duly convened by advertisement 
explaining the amount and object of the bonus pro- 

osed to be given, to take a general vote of the 

ndholders and ratepayers, and the decision of 
the majority is binding. The Wellington, Grey, 
and Bruce Railway, a branch and extension of 
the Great Western, was now a candidate for the 
bonuses of these same municipalities. The first 
scheme offered them an outlet for their produce, 
and a market at ‘Toronto on Lake Ontario, but by 
its gauge isolated them from other railways there ; 
the new scheme offered in addition to this the 
equally important port of Hamilton, a connexion with 
all the other railways in the Dominion, and it could 
besides put them in direct connexion by the Suspen- 
sion Bridge with the railway system of New York 
and Pennsylvania, without change of cars or break 
of gauge The supposed economy in construction, 
and the lighter character of the works of the 
narrow gauge railway, possessed no advantage in 
the estimation of men who were simply asked to 
give their money to aid in the construction of a road 
in which they had no subsequent interest but as 
paying mesenger and freighters, and in fact the 
very change from the ordinary standard was a 
serious disadvantage as limiting their market to the 
one city to which this exceptional gauge confined 
them, and as the same contribution was only re- 
quired for the other, they preferred of course the 
larger, more comfortable, and more speedy communi- 
cation by the broad gauge, especially as: this: was 
backed by a powerful someon like the Great 
Western, who could be compe: led to fulfil any obli- 
gation that they undertook. Hence the change of 
public feeling against the. narrow gauge, and the 
failure of the subscriptions to. the tay upon 
which its promoters had calculated. This was the first 
but has not been the last instance. of injury inflicted 
by a departure from the established dimensions, and 
the loss to the company from this unfortunate altera- 
tion in the gauge, due to .this quarrel alone, has 
been far more than the widest. estimates of any 
possible saving by its adoption.. The result of this 
default in the municipal assistance,: and the intro- 
duction of a rival route leading to the best districts 
in the counties of Grey:and Bruce, was a recon- 
sideration of all the northern extensions, and the 
adoption of a new and inferior route. A new line 
was ie fe from Orangeville direct to Owen Sound ; 
instead of three termini, covering every important 
port on the north and west of re peninsula, 
they were restricted to one, and the 38 miles 
of the line already nearly finished to Mount. Forest 
was reduced to the position.of a comparatively use- 
less branch, whilst the two other ports, Kincardine 
and Southampton, were relegated to a rival company, 
and a series of opposition interests were at once 
created. To make matters still more onerous, some 
of the townships in the abandoned territory held 
the company to the obligations undertaken on. the 
bye-laws that sanctioned their bonuses, and hence 
the otherwise inexplicable route which has. been 
adopted west of Mount Forest, and the semicircular 
shape of the railway after leaving that point....To. 
wards this alteration in the route of what was. now 
the main line, the county of Grey, which thus secured. 
a much more advantageous local connexion, contri- 
buted 300,000 dols., and with this Owen Sound was 
reached in 1873, and the main portion of the railway 
completed, Soon afterwards the Mount Forest line 
was continued through the different townships that 
had subscribed their quota, to the present terminus 
of the western extension, Leeswater, where the line 
abruptly ceases at an inconsiderable village, ‘The 
last 35 miles turns off from Mount Forest at an acute 
angle, crossing one arm of the Wellington, Grey, and 
Bruce at Harriston, and continues nearly in a semi- 
circular shape between the two branches,of this 
somewhat erratic railway, and scarcely six miles 
distant from either of them. The line as now work- 
ing consists therefore ofa main line from Toronto 
to Owen Sound 122 miles, and a branch turning off 
three miles from Maryville and 52 miles from 





Toronto to Leeswater 70 miles long, cr 192 miles in 
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total length. A modification was subsequently made 
with the Grand Trunk arrangement near Toronto, a 


new line parallel to that company’s track was put 
down from Parkdale, two miles from the central 
station to Weston, seven miles, making the narrow 
gauge independent of the other company for this 
distance, and the Grand Trunk leased to the Toronto, 
a ard Bruce an old line which they formerly 
used for their freight to Queen’s Wharf from this 
same point, Parkdale giving the new company an 
independent line to the harbour, which however 
they use principally for their locomotive shops, the 
narrow gauge still running their freight and pas- 
sengers to the Grand Trunk Union Station on the 
Esp ade, This arrangement, which includes the 
right of purchase of the line to Queen’s Wharf, 
gives the narrow gauge company an independent 
access to Toronto, an excellent lake side terminus, 
a capital set of repair shops, and ample room for 
their terminal experiments, but for some reason 
the company have made but* a r use of the 
property thus obtained, and they prefer the incon- 
venience of taking their trains to the Grand 
Trunk station, paying a mileage for the use of this 
line, and then backing the train two miles up a 
busy single track, and then 1} miles back on almost 
a lel line to their own station, to be repeated 
when the same train is required to go out again. 
The lease of this Queen’s Wharf property expires 
in another twelve months, and as the rent is in de- 
fault, unless some reconstruction of the company 
takes place, and it is extricated from its present 
financial embarrassment, it is not likely that it will 
be renewed. 

Leaving the Union or Central Station, the trains, 
therefore, run on a third rail over the Grand Trunk 
track to Parkdale, the western limit of the city, 
then for seven miles alongside the Grand Trunk, 
and for a considerable portion of this distance be- 
tween the Grand Trunk and Northern, which has 
also a station at Weston, all these railways being 
closely parallel, At Weston the Grand Trunk turns 
due west, crossing the Humber river, whilst the 
Toronto, Grey, and Bruce follows its valley on the 
north of the river for some distance and then crosses 
it, four or five miles above the Grand Trunk Rail- 
way bridge. The structure on the narrow gauge 
line was a wooden bridge of seven spans, six of 
them 50ft. wide, and one of 83} ft. opening, the 
whole built on stone piers, and being the heaviest 
work upon the line. In April, 1879, this bridge was 
burnt down, and a temporary stracture of very airy 
proportions now does its trembling duty instead, its 
ereaking timbers audibly protesting against the un- 
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natural strain to which they are subjected. Cross- 
ing this, the line passes up the west side of the 
Humber through an excellent farming country, and 
the villages of Woodbridge, Kleinburg, and Bolton, 
the latter of which is 264 miles from Toronto. At 
all these villages, the first clearings for which are 
within the memory of many of the inhabitants, 
there are not only the usual surroundings of country 
settlements in a rich agricultural district, but there 
are factories and mills of all kinds, and some of 
them on an extensive scale, and exhibiting the neat- 
ness and finish of skill and capital. At Wood- 
bridge, where two branches of the Humber form 
a junction with a considerable breadth of stream, 
is a large establishment for the manufacture of 
agricultural implements, employing 150 hands, and 
some of the productions of which have found a 
market in England. There is a second but smaller 
establishment of the same kind also in the village, 
a good sized woollen factory manufacturing blankets 
and Canadian tweeds, two or three sawmills, one of 
them turning out 7000 or 8000 tons of sawn timber 
yearly, and in the neighbourhood are some large 
flour mills, one of them on the railway belonging to 
Messrs. Gooderham and Worts, of Toronto, running 
out 1000 barrels, or 100 tons a week. At Klein- 
burg Mesers. Howlands, of Toronto, bave a similar 
establishment nearly as large, and there are three or 
four other large mills in the same place. The 
land throughout all, only thirty years since an un- 
cut virgin forest, is a rich light clay loam, giving a 
heavy yield of wheat, barley, and peas; the price 
having gone up in that time from nothing to 40 dols. 
or 50 dols. per acre, and the surface being now 
dotted with a succession of smiling farms with sub- 
stantial brick houses and outbuildings of neat design 
and ample proportions, Bolton is for this section 
an antiquated place, its history dating back as far 
as 1821, when the pioneer settler of that name 
boldly pushed into the woods from his old English 
home in Suffolk. It is well situated, beautifully 
nestled in a valley encircled with rising uplands, 
through which the Humber placidly winds along. 
It boasts a newspaper and several manufactures, 
a flour mill, woollen factory, tannery, agricultural 
implement works, and other industrial enterprises, 
whilst the principal cereal grown in this neighbour- 
hood is barley, for which the district has an excellent 
reputation. Turning west from this pretty place 
the railway next crosses the high ridge of land 
dividing the waters of the Humber from the streams 
that run into the Credit. To get over this high 
land gradients as steep as 88 ft. per mile going 
| south, and 105 ft. per mile, that is 1 in 50 and 1 
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in 60, are employed, with numerous curves, the 
sharpest of which is only 462 ft. radius, or 7 chains, 
and the most objectionable part of all of this is that 
other railways passing through the same district 
find no necessity for these excessive grades and 
curves, the bad location and apparently reckless 
engineering on most of the narrow gauge railways 
in Canada telling very heavily against the system, 
when compared with parallel lines, but little more 
costly and doing much better work, At Caledon 
the line of the Hamilton and North-Western Rail- 
way crosses, and seven miles further the Credit 
Valley, another rival line on the naticnal gauge, 
crosses and then runs for three miles alongside of 
it to the new and rising town of Orangeville, 49 
miles by the narrow gauge and 55 by its rival from 
Toronto. Previous to the opening of this railway 
Orangeville was unknown outside of the immediate 
vicinity, but in ten years it has developed into a well- 
built brick town of 5000 inhabitants, one of the 
best wheat markets in Upper Canada, and hoping 
within another twelve months to be the centre of 
six radiating railways. 

Three miles north-west of Orangeville, the Lees- 
water branch turns .off towards the west, whilst 
the main line running north passes over the height 
of land 1400 ft. above Lake Ontario, whence the 
streams run south-east by the Credit into that lake, 
south-west into the Grand River and Lake Erie, 
west by the Saugeen into Lake Huron, whilst north 
several rivers find their way to the Georgian Bay. 
At Shelburn, twelve miles from the junction, the 
line enters the county of Grey, and turns north-east 
till it strikes the valley of the little River Syden- 
ham, which it follows to its mouth in the harbour 
of Owen Sound on the Georgian Bay of Lake 
Huron. The county of Grey, although compara- 
tively quite a new district, its general settlement 
not dating back over twenty-five years, has made 
more rapid progress, with one or two exceptions, 
than any county in Canada. In 186] its population 
was 37,750, in 1871 it was 59,395, and it has gone 
on increasing and improving at even a greater ratio 
since the last census. The principal station be- 
tween Orangeville and Owen Sound is a quite new 
village, Flesherton, It lies on a branch of the 
Beaver river, which rises in a small lake, 75 acres 
in extent, about two miles south-west of the village, 
and after receiving several tributaries, runs through 
strath, and wood, and glen to the Georgian Bay, 
which it enters at the pretty little village of Thorn- 
burg. Flesherton, seventeen years old, is named 
after its founder, the late M.P. for the county, and 
contains probably about 5000 inhabitants. It is 
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GUIBAL FAN WITH BAROMETRICAL GOVERNOR, 
CONSTRUCTED BY THE MARCINELLE AND COUILLET MANUFACTURING CO., BELGIUM, 
(For Description, see Page 356.) 
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86} miles from Toronto. The river gives ample 
power for driving mills and factories, which has 
been largely taken advantage of. There is still 
plenty of timber in the district, and the soil; 
which is a good loam, is admirably adapted for the 
feeding and raising of cattle, large quantities of 
which are sent off from this station. Five miles 
north of this is another new and rising village, one 
of the most romantically situated in Upper Canada, 
called Eugenia Falls. It was laid out originally in 
the year after the Crimean War, and the names of 
the streets, Alma, Raglan, Balaclava, Codrington, 
record the memories of persons and places celebrated 
at the time. Two brothers of the name of Pindy 
erected here, in 1859, the little pioneer sawmill, 
and in 1865 a flour mill followed. The town plot, 
800 acres in extent, that is 1} miles in one direc- 
tion, by a mile in the other, is laid out on a branch 
of the Beaver river, which courses through the 
village a rapid stream, and then pours over a preci- 
pice 70 ft. in perpendicular height. Below the falls 
the stream pursues its picturesque course, at present 
through dense woods, and in a mile falls altogether 
350 ft. The glen is wild and narrow, and the defiles 
lined with tree and shrub are of romantic beauty, 
— one forcibly of the wooded dells of Scot- 
and, 

Owen Sound, next to Toronto, is the most im- 
portant place on the line, whether in population, 
present trade, or prospective development. It is 
pleasantly situated at the head of a deep well- 
sheltered harbour on the southern shore of Georgian 
Bay, being built on a small plain, surrounded on 
three sides by wood-crowned heights, rising from 
50ft. to 150 ft. above it. The Sydenham river, 
rising in a small lake in the township of Holland, 
winds its course from near the height of land 
through a lonely spot called Inglis Falls, and 
down a picturesque valley to the site of the town, 
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The Sound itself is one of the best natural harbours 
on Georgian Bay; it is twelve miles from the town 
to its mouth, where it is five miles wide, and 
throughout its entire length it has good anchorage, 
plenty of water, and is well sheltered. It is often 
very rough on Georgian Bay, and vessels can nearly 
always make this as a natural harbour of refuge, 
being far better situated in this respect than the 
rival harbour of Collingwood, the terminus of the 
Northern Railway from Toronto. With this su- 
periority in position Owen Sound is well situated to 
command the northern trade of Ontario to and from 
Manitobah, and the new North-West. Notwith- 
standing the drawbacks of its impecunious and in- 
ferior railway, itis, however, fast developing a large 
trade ; a number of grain elevators, with a storage 
capacity of over half a million bushels, have already 
been provided, numerous manufactures have clus- 
tered round the water privileges of the river, and a 
large trade has sprung up in lime burning, and in 
quarrying the valuable limestone, of both the blue 
and white varieties, which exist in abundance in the 
neighbourhood. At Inglis Falls, 24 miles from the 
town, where the river falls perpendicularly 40 ft., is 
a large woollen factory making Canadian tweeds, 
and other establishments, and between the falls and 
the town the river descends 280 ft., affording power 
for any number of mills, which are being gradually 
erected on both banks. The plot on which the 
town stands was first surveyed in 1842, and sixteen 
years before the advent of the railway the popula- 
tion was sufficient to warrant its incorporation as a 
town. In common with the whole county of Grey, 
of which it is the shire town, it has rapidly in- 
creased during the last twenty years, and probably 
numbers now over 5000 souls. It has a substan- 
tially built town-hall of brick, whilst the county 
buildings are of stone, there are two bank cies, 
three newspapers, and other local institutions, and 
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it is fast rising into importance in connexion with 
the lake trade to the ports of Michigan and Superior. 

The western extension of the Toronto, Grey, 
and Bruce, running off near Orangeville, as 
originally intended, would have been for 25 miles, 
on for os Mount Forest, a part of the main line to 
Owen Sound, from which itis only distant 42 miles, 
and between the two places is the original highway 
of the country, which was the first settled, the best 
developed, and the base line of the townships set 
off on each side of it. The Kincardine and South- 
ampton lines, as proposed, would have turned off at 
Arthvr, 15 miles south-east of Mount Forest, to 
which the contracts for the construction of the road 
were first let. Arthur is only six miles from the 
Wellington, Grey, and Bruce Railway, to which it 
is now agitating for a branch, and only 14 miles 
from Palmerston, the junction of the two extensions 
of that line. Mount Forest is another new town 
fast rising into importance. It dates only from 
1853, and in twenty years it gained a village popu- 
lation of 1750, with a thickly settled farming 
district all round it. It is on a branch of the 
Saugeen, which affords a series of valuable water 
privileges not at present fully utilised. There are 
ten or twelve manufactories, woollen mills, carriage 
factories, flour mills, tanneries, and latterly a 
pottery, working an excellent clay found in the 
neighbourhood. The istrict round is becoming a 
large cattle and sheep-raising section, and the 
railway carried last year (1878) 3261 head of fat 
cattle from the station for the export market, 

Backing out of this station, for the route west is 
at too acute an angle to continue forward, in ten 
miles the railway crosses its rival the Wellington 
line at Harriston on the northern arm of the Great 
Western series. The three railways, that is the 
Toronto line and the two western extensions, 
continue forward, as if struck off by a pair of huge 
compasses, the radii being about six miles longer each 
time, the two outside arcs being continued to the 
shores of Lake Huron at Kincardine and Southamp- 
ton, the intermediate portion stopping short at Lees- 
water, the present terminusof the Toronto, Grey, and 
Bruce. This is one of the prettiest and most thriving 

laces in the county, and boasts the best town-hall. 
The inhabitants showed immense energy and de- 
termination to get the railway connexion, and voted 
liberally to secure it. About 1837 settlers began 
to come into this district, and for ten or fifteen 
years villages were planted all round, and the inter- 
mediate country has since been rapidly filling up. 
The Leeswater stream affords excellent milling 
sites which are being fast occupied, and besides 
wheat, which is the staple commodity of export, a 
large cattle trade is springing up principally for the 
English market. Some time since a company was 
formed to test the strata underlying for the salt 
springs of Kincardine and Clinton further south, 
but although there is every probability of the salt 
measures underlying this district the enterprise was 
abandoned, principally from the poor prospects of 
the salt industry. 

The following Table shows the traffic receipts of 
the Toronto, Grey, and Bruce : 
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1873! 87 | 55,406 | 114,088) 178.149) 124,130) 54,019) 69.6 
1874| 164 | 86.366 | 249,741 | 847,744 199,191| 148552| 57.3 
1875 | 191 | 100,440 | 216,902) 331,438) 258,104) 73,434) 77.8 
1876 191 | 119,224 | 236,016/ 372,336 233,428| 138,908; 62.9 
1877 191 | 121,511 | 209,099) 349,416 226,544) 122871) 64.8 
1878 | 191 | 124,610 | 178,845 | 323,700) 207,001) 116,699) 63.9 





The interest on coupons was not paid June 30, 
1878, nor since, the net revenue being applied to a 
reduction of the large floating debt. The ition 
of this road financially is now very critical, the rails 
and bridges are badly worn, and as no provision has 
ever been made for a renewal fwid, and its credit 
for borrowing is exhausted, an entire reconstruction 
or bankruptcy is immediately before it. The fact 
is that the accounts — every year on most 
of the Canadian are simply a cash account of 
what has been received and disbursed, taking no 
note of what is not paid, but has been really ex- 

nded, These liabilities ually grow till at 

ength they can be staved off no longer, and then 
comes an exposure, rudely awakening the share- 
holders from a fancied sound state of things to find 
out the delusion. On the date of this return, which 
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CaprTaL Account, June 30, 1878. 
dols. dols. 
Cost of road, preliminary expenses... 30,683 Shares paid up ee... ow ose 777,084 
im right of way —- = 113,155 Bonds of railways... ose 1,783,646 
od construction " 1,779,359 Bonuses... ae ia 1,347,499 
os rails and fastenings om 832,518 Net revenue transferred ... ‘> Ce 
“ oe nie eve 117,262 Balance... eee oe ove eee 295,270 
a rolling stock ai ooo 573,297 Bonds unissued ... 216,081 
Interest, &c., on bonds during construc- Shares inland... 91 
tion on on oo — eve 207,632 cntettitais 
Discount on bonds and expenses on issue 597,158 438,996 
4,251,064 4,251,064 
Net Revenve Account, Juns 30, 1878. 
Balance from last account eco ase 9,142 | Netrevenueperyear «6. a 116,699 
Interest on bonds to December 31, 1877... 59,992 | 
Transferred to capital to pay advances... 47,565 | 
116,699 116,699 





on its face looks sufficiently serious, the liabilities of 
the company were : 


dols. 
Cash on, Sue - i ° eve yd 
Accounts due by company °° ’ 
Wages due... ve dee ee eve 12,359 
Due on rolling stock 27,768 
Bills payable - eco ee 181,452 
Other indebtedness ose 12,941 


If to this is added 20 per cent. on the original 
value of the rolling stock, which would not restore 
it to its pristine condition, and only 1000 dols. per 
mile for the rails, which is nothing like the deterio- 
ration that has really taken place, the total deficiency 
as the result of six years’ working would be 
676,400 dols., whilst all the net receipts shown, 
and out of which dividends have been paid, only 
amount to 654,483 dols., so that assuming the iron 
rails and rolling stock only to wear out at the rate 
of 34 per cent. per annum, which is equivalent to a 
life of thirty years, and for which provision ought 
to be made, the road has really not earned one 
farthing since it was opened. But in point of fact 
these rails are now worn out after seven years’ service, 
and deducting the value of the old materials, say, 
15 dols. per ton, the whole net earnings together are 
scarcely more than what would be necessary to re- 

lace the line in its working condition when opened, 
eaving the present indebtedness 370,000 dols. as 
the result of six years’ work, say, 60,000 dols. per 
annum, as a net loss. It is needless to say thatin a 
rapidly rising district like this, and with a traffic but 
little exposed to competition, this result is not 
creditable to the management, and as long as 
Canadian railways are as badly located, and as in- 
differently managed as this line has been, the same 
result must be arrived at. 








OBACH’S TANGENT GALVANOMETER. 

We are indebted toa German contemporary, Ange- 
wandte Electricititslehre, for drawings and a description 
of this galvanometer, intended especially to measure very 
strong currents; it was designed by Mr. Eugen Obach, 
and manufactured by Messrs. Siemens Brothers, London. 
The designer of this instrument claims to have been first 
to suggest pivotting the coil in its horizontal diameter 
in the direction of north and south, in such a manner 
that the inclination of the coil can at any moment be 
read off an a vertical scale.* 

With this arrangement of coil the amount with which 
the magnetic needle pivotted in its centre is diverted, is 
for equal strengths of current proportional to the sine of 
the angle of inclination between the coil and the hori- 
zontal plane. To avoid inaccuracies arising from the dip 
of the needle at a nearly horizontal position of the coil, 
the needle is not balanced on a point, but pivotted at both 
ends of a vertical axis. It is obvious, that if measuring 
the angle formed by the inclination of the coil with the 
vertical instead of the horizontal plane, the cosine in place 
of the sine of the angle has to be considered. An instru- 
ment in which this system of reading is adopted may be 
termed a tangent-cosine galvanometer, whereas those of 
the earlier type were actually tangent-sine galvanometers, 
although it must not be confounded with Siemens and 
Halske’s instrument, which, as will be remembered, may 
be used either as a sine or tangent galvanometer. 

In the present instrument the inventor has thought it 
advisable to adopt the plan of reading inclinations in 
relation to the horizontal plane, because the natural values 
of sines are more frequently found in tables than those 
of cosines, and this arrangement may therefore sometimes 
save extra calculation. Fig. 1, page 351, shows a per- 
spective view of the instrument, and in Figs. 2 to 6 are 
enlarged details ; it will, however, be noticed that the 
perspective view differs somewhat in the form of the 


~ ® Some correspondence on this point took place between 
Mr. Obach and Professor John Towbridge, of Harvard 
U.S.A., which may be found in Nature, vol. xviii., 








p. 207, and vol. xix., pages 33, 98, 121, and 217. 





stand and in some minor details from the other views. 
It also shows the ring inclined, in all other figures it has 
however been shown in its normal position. 

Upon a base-plate resting on three set screws stands a 
strong brass column S, the lower end of which terminates 
in a U-shaped brass casting, having a pin on its base; 
the column may be turned round this pin, and is 
held firmly in any position by a clamp and set screw S'!, 
In Fig. 3 it will be observed that this column carries a 
brass case N N, 7] in. in diameter and ‘13 in. deep, con- 
taining the magnetic needle, and having diametri- 
cally opposite to each other two conical pins P P\ 
fixed to it, which serve as pivots for the ring R. 
This ring has a diameter of 12 in., is 2 in. thick, and 
1 in. wide, and offers very little resistance to the current. 
At a the ring is cut and provided at each end with a 
clamping screw K K' shown in Figs. 2 and 4; both ends 
are further united by a strong piece of vulcanised rubber 
H, Fig. 2, carrying a brass cap m', which serves as 
bearing for the pin 2 On the opposite side of 
the ring, the pin z extends through it, and is 
insolated from it by a rubber ferrule h, the latter 
covered with a brass ferrule m!, Fig. 3, and carrying 
on its end the divided quadrant Q Q!, fixed to it 
by a pinn. This quadrant is divided into degrees, Fig. 5, 
and has all those angles marked upon it, the sines of 
which for the radius 1 are represented by the values .1, .2, 
3, &c., to 1.0, which division is of assistance to the 
operator when setting the ring to any of these frequently 
occurring positions. A vernier w fixed by means of the 
arm A to the ring R, but insolated from it by rubber 
washers, slides along the divided quadrant Q Q!, and can 
be firmly set to this by means of the set screw S". The 
ring R is stopped in its inclination downwards by the 
vernier touching the screw D on the (J-piece of the stand, 
and in its inclination upwards by a stop D! fixed to the 
upper end of the quadrant Q Q', Figs. 5 and6. The 
two small screws g and r serve for adjusting the vernier 
in its exact position to the quadrant. This is done by 
passing a strong current in alternate directions through 
the ring R, and placing it in such a position by shifting 
the stop D' that the magnetic needle is not diverted 
further ; as soon as this has been obtained, the vernier 
is set to the zero point of the quadrant. 

Inside the compass box N N and at about half its 
height, a divided circle T is fixed, the divisions represent- 
ing full degrees but sufficiently large to guess with ap- 
proximate accuracy to one-tenth of a degree. The 
magnetic needle M is in length only one-fifteenth of the 
diameter of the case; it is pointed on both ends and fixed 
to a vertical and very delicate axis J, carrying a long 
aluminium pointer Z. A brass bar V V, fixed to the 
divided circle and stretching across the centre of the 
case, carries a jewel which serves as top bearing for 
the spindle J, the lower end of which also bears in a 
jewel fixed in a recess in the case NN, Fig. 8. The 
magnetic needle can be arrested in its movements by the 
spring and set screw S!, and a spirit-level 7 enables 
the operator to place his instrument perfectly level by 
means of the three set screws in the base. To prevent dust 
and air influencing the action of the needle the case is 
covered by a glass plate. The current is transmitted 
to the ring by two thick insolated copper wires LL', 
firmly tied together for a length of at least 3 ft., the 
ends being fixed by the clamp screws K K" ; care must be 
taken to support the wires for some distance horizontally, 
in which case they do not, as might be expected, interfere 
with the free movement of thering. Asan indication of 
the resistance of this instrument it may be mentioned 
that in vertical positions of the ring one “weber” pro- 
duces a declination of 13 deg. 





MINE VENTILATING ENGINE AND 
GUIBAL FAN. 

The illustrations on pages 354 and 355 represent a mine 
ventilating engine and Guibal fan made by the well-known 
Société de Couillet for coal-pits near Charleroi, where a 
similar engine made by the same firm has been for some 
time at work. The special characteristic of this arrange- 
ment, which many of our readers will remember to have 
seen at the Paris Exhibition last year, is the barometric 
governor, of which we shall speak presently. The fan is 
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39.4 ft. (12 metres) in diameter and 8 ft. 2 in. (2.50 metres) 
broad. It has ten arms (as shown in Figs. 1 and 2) and 
is driven direct by the engine at an exceptionally high 
velocity, as much as 80 revolutions per minute, we are 
informed, being reached. This speed is rendered pos- 
sible by an exceptionally rigid construction of fan. 

The engine has a single cylinder, and is horizontal 
and non-condensing. As it receives its steam from the 
range of boilers which supplies the winding engine with 
steam, it has been necessary to place a reducing valve 
on the steam pipe in order to equalise the pressure under 
which it works. Its cylinder is 24.4 in. in diameter and 
2 ft. 9.4 in. stroke. The frame, of Corliss form, is bolted 
end on to the cylinder. The engine has four valves, two 
for steam and two for exhaust. They are all equilibrium 
valves, and are placed in boxes A and B on one side of the 
cylinder, an arrangement which makes them very acces- 
sible, and at the same time renders the clearance spaces 
very small. An ordinary eccentric gives a rocking motion 
toa dise D, from which four connecting rods F F' and E E! 
pass to the valves. The latter rods work the exhaust 
valves through the levers GG', the connexion being a 
rigid one of the usual kind. The exhaust valves are 
closed by spiral springs. The steam valves are opened 
(through the levers H and H"') by the arms I andl lifting 
the pieces K K' which are connected to the valve spindles 
by pins as shown. The point of cut-off is determined by 
the instant at which the horns upon K K' come in contact 
with the pins L and L!, the position of which is deter- 
mined by the governor through the gearing NOP Q, shown 
in Fig.3, The governor (shown in front of the engine in 
Fig. 3) is Zimmermann’s patent, and is, as above men- 
tioned, constructed on the barometric principle. It acts 
by causing the engine to work steadily as long as the 
atmospheric pressure remains uniform, but directly a 
sudden depression occurs, it gives the engine more steam 
(within the limits of cut-off from 0.2 to 0.8 of the stroke). 
The object of this is, of course, to help to clear off the 
discharge of gas which often occurs with a suddenly fall- 
ing barometer, or at any rate to dilute it so much with 
an extra quantity of air as to render it innocuous for the 
time. By simple electric connexion a bell is rung auto- 
matically when the barometer falls, to direct the engine- 
driver’s attention to what is happening. 

This engine and fan were exhibited last year at Paris, 
and like all the exhibits of the same makers showed to 
great advantage by the excellence of its workmanship 
and finish. 


BOILER-MAKERS’ FURNACES. 

On more than one occasion some reference has been 
made in these columns to the revolving puddling fur- 
nace of Messrs. Howson and Godfrey, and we have had 
occasion to give passing notice to the Wilson gas pro- 
ducer which is employed in conjunction with the puddling 
machine. 

The Wilson gas producer was also illustrated by us* 
about the time of the Newcastle meeting of the Iron 
and Steel Institute, and since that time it has been suc- 
cessfully introduced for a variety. of purposes. 

It will be remembered that this gas producer is blown 
by steam jets and has a solid hearth ; there is also a sort 
of retort at the upper part for effecting the distillation 
of the hydro-carbons from the coal before it is brought 
into the current of the heated gases generated at the 
bottom. This prevents unequal disengagement of gas 
immediately after charging. 

At the works of the Cie. of Commentry and Fourcham- 
bault, at Fourchambault, Niévre, the Wilson producer is 
successfully worked with small coal, containing 48 per 
cent. of ash, and gasifies it af the rate of 4 cwt. per 
hour on a hearth area of only 17} square feet. 

Our present object is to describe a set of furnaces for 
boiler-makers’ purposes which have been recently designed 
by Messrs. Howson and Wilson, of Middlesbrough, to be 
worked in conjunction with the gas producer. As the 
gas is generated under pressure, it is peculiarly well 
adapted for application to furnaces arranged on the blow- 
pipe system. This system, although as yet of limited 
application on a large scale, is full of promising results 
in the attainment of high temperature in a simple 
manner. 

Fig. 1 is a furnace designed for flanging boiler flue 
ends. The entire arrangement is conveniently placed 
below the floor line, the gas arrives by the flue A, and its 
admission is regulated by a valve ; B is the blow-pipe, and 
over this is placed a firebrick disc, which receives the 
flame and diverts it radially upon the lower edge of the 
tube as shown. The flame passing beneath this edge 
escapes to an annular flue C in connexion with the 
chimney, by means of the ports D, which are eight in 
number. The course of the flame is indicated by the 
arrows. 

Figs. 2 and3 represent a furnace for flanging the ends 
of cross tubes. In this case also the blow-pipe is used. 
The arrangement will be readily understood from the 
engraving, and it will be seen that the air arriving from 
the fan or blower by the pipe A is circulated amongst 
the walls B for the purpose of warming it before passing 
to the blow-pipe. The waste gases escape by the ports 
C into an annular flue communicating with the chimney. 

Figs. 3, 4, and 5 is a rivet-heating furnace, also fired by 











* See ENGINEERING, vol. xxiv., pages 242, 243, 255. 





a blow-pipe, and the general construction of the furnace 
will be clearly understood from the engraving, The flame 
from the blow-pipe is made to strike the hearth some dis- 
tance from where it is intended to utilise the heat; the 
object of this is to perfectly effect a thorough mixture of 
the air and gas, after which the greatest heat is obtained. 
Causing the blow-pipe flame to impinge directly upon a 
flat surface is an effectual method of accomplishing this 
perfect mixture. 

Figs. 6 and 7 is a heating furnace designed more parti. 
cularly for flanging boiler-end plates. The gas is admitted 
by the brick-lined tube A, and being supplied with air by 
the ports B, the flame descends and radiates over the 
plate required to be heated, and it will be noticed that 
the plate rests upon walls in such a manner that the 
flame has to pass over its edge and underneath it before 
escaping by the outlet to the chimney, which is also 
placed in the centre directly under the point of ad- 
mission. 

The walls are intended to be built of firebrick lumps 
let into the hearth, otherwise, if built of small bricks, 
they would be liable to be disturbed in charging and 
withdrawing the, plates. This is not a blow-pipe fur- 
nace, a high local temperature not being desirable. The 
arrangement has the advantage of heating the plate 
equally all round, and also rapidly, owing to the current 
of heated gas impinging on both sides at once, 

Figs. 8 and 9 represent a furnace for welding up the 
longitudinal seams of flues. The blow-pipes are situated 
vertically beneath, and the flame is thus caused to im- 
pinge directly upon the plate. The waste gases escape 
at one end by a flue. 

The Wilson gas producer may also be -very easily 
adapted to ordinary existing plate-heating furnaces by 
simply introducing the gas by one or more ports over 
the grate, and a considerable economy of fuel has re- 
sulted from its use in this manner; the plates also come 
out with a much better skin upon them, and the work is 
more rapidly done. 

The use of such furnaces as these must be conducive 
not only to economy and cleanliness, but also to good and 
rapid workmanship. The gas producers for working 
them are, of course, situated outside the shop in a con- 
venient position for receiving coal, and the gas conducted 
either in underground flues or in brick-lined tubes over- 
head to wherever it is required. There can be no 
doubt thatin the furnaces of the future, gaseous fuel will 
be more and more utilised, and we are glad to be able to 
lay particulars of these furnaces for boiler-makers’ 
purposes before our readers, since we believe they em- 
body principles which are destined to supplant the old- 
fashioned rude methods of obtaining and applying heat 
which are still widely used. 


EIGHTY-STAMP MILL. 

WE illustrate on page 359, and by a two-page engrav- 
ing, an eighty-stamp mill recently erected for reducing 
the silver ores of the Cerro de Pasco Mines. The 
general arrangement of the mill will be understood 
clearly from the drawings. It is driven by water power 
coming from a lake near the mines, the supply 
being sufficient to work more than 1000 stamps, and the 
accessory machinery. The power is utilised by means of 
six double turbines made by Messrs. Leffel and Co., of 
Springfield, Ohio. Four of these turbines are 30 in. in 
diameter and develop each 200 horse power ; the other 
two are 23 in. in diameter and are of 100 horse power 
each. They are placed vertically and the main driving 
pulleys are fixed on the turbine shafts. The capacity of 
this mill is 5 tons per stamp per day, or a total of 400 
tons, and the value of the ore treated is about 30 dols. 
per ton. 


INDICATORS AND GAS ENGINES, 
To THE EDITOR OF ENGINEERING. 

S1r,—It has happened that our gas engine business has 

developed a very extensive use of the indicator. In addi- 
tion to numerous and constant experiments, every engine 
that we send out has two sets of indicator diagrams taken 
from it as a record of. its performance, besides others pre- 
liminary to those final sets. I am sure we take one 
hundred diagrams a week at least. This demand upon the 
indicator has naturally created an inquiry as to its relia- 
bility. Messrs. Elliot and Casartelli are understood to 
have carefully tested each of their Richards’ instruments, 
but after all it has become indispensable that we should 
know for ourselves whether they were to be depended on as 
faithful recorders of the useful work done by the gas. I 
found out so simple a means of testing those instruments 
that I think it may deserve a place in your columns, being, I 
imagine, not generally practised. The plan is to muke the 
‘instrument mark off its own scale. By so doing the accuracy 
of the parallel motion and the varying elasticity of the 
spring are gauged at each point in the movement of the 
pencil. : 
To accomplish this all that need to be done is to turn the 
indicator upside down and grip it in a truly vertical position 
in a vice. Then put arod down the tube till it reaches the 
piston, and on this rod successively place a number of 
accurate weights corresponding to the various divisions of 
the scale, allowing for weight of rod and spring, and as 
each weight is in position mark off the scale on the dram 
with the needle of the instrument. : 

When the working pressure is low the weight of the 
gn &ec., of the jaltinben, &c., must of course be allowed 

or, and on high stations the weights must all be corrected 
for sea level. 














In the instrument I tried I found a slight correction 
needed at each end of the scale when compared with the 
usual wooden one sent with the instruments, but on the 
whole the process was highly reassuring. 

I am, Sir, your obedient servant, 
F. W. Crosstry. 

P.S.—It may be interesting to mention that we have 
now succeeded in obtaining an indicated horse power for 
an hourly consumption of 18 to 19 cubic feet of Manchester 
coal gas in our largest engine, giving some 34 indicated 
horse power ; the gas pressure being equal to about 4 in. of 
water. 

Manchester, October 29, 1879. 


AIR PUMPS. 
To THE EprIToR OF ENGINEERING. — 

Sr1r,—The proposal of ‘‘ Daplex,”’ in your last issue, to 
prevent air ng past plungers of horizontal double act- 
ing air pumps, by surrounding the internal stuffing-box 
with water, isa neat one. An equally simple method of 
effecting this object is to place the suction, as well as the 
delivery valves above the level of the plunger, taking care 
at the same time that the capacity of each compartment of 
the penees casing is sufficiently in excess of the plunger’s 
displacement to prevent the water falling below the top of 
plunger. This being done and the plunger always working 
well under water the internal stuffing-boxes might be 
abolished, and a plain liner of ample surface substituted, as 
in circulating pumps. By inverting the syction valves 
and placing them nearly in the same plane as the delivery 
valves, the air is conta out in the most direct way without 
having to struggle up through water, and as each compart- 
ment of the —_s scasing stands fall of water less the 
plunger’s displacement, it follows that on the completion 
of each stroke the water rises quite up to the valves, and 
all air, as well the water quodaced at each stroke of the 
engine, is discharged with certainty, the result being a most 
reliable pump. 

This plan of arranging the valves so that the plunger 
always works under water, is well carried out in the single- 
acting air-pumps attached the Allen-Porter engines, and 
the arrangement is equally applicable to double-acting 
pumps. 

In some classes of marine engines difficulty may be ex- 
perienced in getting the plunger sufficiently low to admit 
of the suction valves being placed above it, but in many of 
the horizontal air pumps attached to horizontal stationary 
engines, the valves are placed below the plunger, apparently 
for no other reason than that it is customary to do so. 
Pumps aes in this latter fashion require careful 
— to their packing to preserve them in a state of 
efficiency. 

Airdrie, November, 5, 1879, D. H. M. 

TORPEDO BOATS. 
To THE EDITOR oF ENGINEERING. 

Sin,—In your issue of October 31, I noticed a small 
paragraph on two torpedo boats, built by Messrs. Yarrow 
and Co. for the French Government, and which were run 
from Messrs. Yarrow and Co.’s yard to Brest, a distance 
of over 500 miles in 34 hours under steam, giving a mean 
speed of nearly 15 miles per hour. This run, the builders 
of these steam launches state, is by far the longest that 
has ever been made yet, and it is this statement to which I 
wish to call the attention of your readers In EN@INEER- 
ING, vol. xxvi. page 327, you published a very interesting 
illustrated article on some torpedo boats built by Mr. 8. 
Schichau, of Elbing, and a fleet of ten of these boats taken 
from Elbing to St. Petersburgh by the engineer of the 
works, Mr. Ziese. This run is 630 knots and was 
completed in 53 hours under steam, giving a mean speed of 
nearly 12 knots, or 13$ miles per hour. This performance 
is a little behind that of Messrs. Yarrow’s boats, but the 
run as detailed by your account was certainly a very re- 
markable one, and exceeds in distance that of the French 
boats very considerably. If Messrs. Yarrow and Co. would 
generously give such particulars of their boats, engines, 
and journeys as you published of Mr. Ziese’s little fleet of 
ten, [am sure such information would be received with 
very great interest by many of eye readers, and would 
give a good chance to compare the sea-going’ properties of 
these remarkable little vessels. Hoping you will be able to 
find space in your next for these few lines, 

I remain, Sir, &c., 
G. 











M. B. 








Lonpon AssocIATION OF FoREMEN ENGINEERS AND 
DRAUGHTSMEN.— At the meeting of Saturday, No- 
vember lst, after the election, as honorary members, of 
Mr. Frederick Hamilton and Mr. Frederick A. Hamilton, 
the last-named gentleman read a paper on ‘‘ Optics, as 
applied to the Illumination of Dark Localities.’’ The 
subject was treated of in a masterly way, and numerous 
diagrams and lenses, together with a photometer, aided 
the reader materially in its elucidati A di i 
followed the paper, and concluded an interesting and instruc- 
tive sitting. 








Qursec Harsourn Worxs.—The commissioners have 
instructed their engineers, Messrs. Kinipple and Morris, of 
Westminster and Greenock, to prepare contract drawings, 
&c., for the wet dock in connexion with these works. The 
extensive river embankment of about 500 ft. in length by 
330 ft. in breadth now drawing towards completion will en- 
close an area of about 70 acres of water in front of the town, 
20 acres of which will be used for tidal harbour, and 50 
acres for wet dock purposes. The tidal harbour walls, which 
are 50 ft. in height with 25ft. of water against them at low 
water ordinary spring tides, will be completed this’ year. 
The grand dock for the same commissioners will be about 
550ft. in length by 100ft. in width, and 35ft. in depth 
from coping level to floor. These works were commenced 
in 1878. 
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SPEED CURVES. 
To Tue Epiror oF ENGINEERING. 

S1z,—With regard to the article on speed curves in your 
current number, there are several points in connexion 
with this subject on which I am by no means clear, and as 
I very much fear I am not peculiar in this respect, I 
venture to suggest that a little further elucidation of the 
subject, either from your own pen or t of some of your 
correspondents who may have the time, could not fail to 
be of pretty general interest to the profession. 

To Cooke with. I suppose I am right in considering the 
primary object of the construction of these curves to be the 
determination of the varying resistance of ships at varying 
speeds; and farther, that a propeller which works satis- 
factorily under a certain thrust (does not give an excessive 
slip), will not work satisfactorily under say three times 
that thrust—will in fact give an excessive slip; or, to put 
it ie eel og me st ay: _. 
roug s i thrust under 
which it is intended to work? 

This view seems to me to be supported by the diagrams 
illustrating the above-mentioned article, as we see there 
the o t of ‘ormance diminishing, and the slip in- 
creasing as the thrust increases. (The performance curve 
will no doubt be also affected to some extent by the in- 
crease of friction of er blades, due to the increased 
revolutions. Figs. 9 12 seem to show this very cuey. 
as the performance curves there fall away more rapidly 
than the increase of slip alone would seem to warrant ; but 
for simplicity I leave this out of consideration for the pre- 


sent). 

If this be so then—if the efficiency of the propeller varies 
in this manner —will not the difficulty, almost impossibility, 
of making accurate allowances for these variations very 
much impair the value of the deduced curves, and make it 
impossible to determine how much of the power is going to 
overcome increased resistance of hull, and how much 
to balance decreased efficieney of propeller? In a word, to 
render the indicated horse power, thrust, and performance 
curves of any value, should we not get rid of one of these 
two variables, by keeping the slip curve (or rather it is the 
** efficiency of pro * curve that we want) a vertical 
straight line? 

I may mention in passing that there seems to be some 
error in the percentage of slip given in the letter-press ac- 
companying the diagrams; for instance, the slip in the 
first case is given as 3 per cent., whereas revolutions by 
pitch compared with speed of vessel give about 12.2 per 
cent., which looks much more like the truth. 

Doctors seem to differ as to the rate at which the re- 
sistance of ships increases, and as to the precise power of 
the s which should be used in the equations you give, 
and I suppose many among us will not be »atisfied until the 
correct power is determined by experiment, but I fail to 
see how this can be accomplished by progressive speed 
trials with the same propeller, for the reasons stated above. 

Would it not be the wiser plan to devote attention to the 
constraction of a cheap and handy form of dynamometer 
that would enable us to ascertain the thrust by direct ob- 
servation 

I am, Sir, pe truly, 
H. M. 


ROUNTHWAITE. 
Sunderland, November 5, 1879. 


NOTES FROM THE NORTH. 
GuLascow, Wednesday. 








y= oe Pig-I[ron Market.—Last Th ’s market 
was dull, and prices were backward. Although closing 6d. 
over the lowest quotation, there was a d e from the 


revious day’s final price. Business was dove during the 
orenoon at from 53s. to 52s. 3d., and then to 52s. 7d. cash, 
closing buyers at 52s. 7d. cash, and at 52s. 10$d. one 
month, and sellers near. There was a recovery in the 
afternoon to 52s. 10}d., followed by a relapse to 52s. 9d. 
cash, and from 58s. 3d. to 53s. one month, sellers closing 
at the lower prices, and buyers at 52s. 7id. cash and 53s. 
one month. There was very little animation in the market 
on the following day, but prices were fairly steady. Start- 
ing at 3d. under Thursday’s close, prices improved to the 
extent of 6d., and then became weak, closing at the pre- 
vious day’s figure. In the morning business was done at 
from 52s. 6d. to 52s. 9d. cash, and from 522. 10jd. to 
53s. 3d. one month, closing buyers at the higher res, 
and sellers asking 1}d. per ton more. Prices ed in 
the afternoon from 53a. to 52s. 9d. cash, and 53s. 3d. one 
month, closing buyers at 52s. 9d. cash and 53s. 14d. one 
month, and sellers lid. over. The warrant market was 
dull at the opening on Monday, and prices declined to the 
extent of 2)d., but there was a quick recovery, and the 
close was at the highest point, showing a gain of 6d. over 
last week's close. Business started at last week’s— 
52s. 9d.,—went to 52s. 6jd., and then came back to 
52s. 7)d. cash, and from 53s. 3d. to 53s. léd. one month. 
Buyers closed at 52s. 7)d. cash and 53s. 14d. one month, and 
sellers asking 1}d. over. In the afternoon buyers came 
forward, and prices improved to 52s. 9d., and thence to 
53s. 3d. cash, at which there were buyers at the close, and 
sellers holding out for 53s. 44d. cash. Business was done 
yostesdog forenoon at 53s. 6d. to 5us. 4d. cash, also at 
53s. 8d. fourteen days, 54s. and 53s. 194d. one month, and 
at the close there were buyers at 53s. 3d. and 53s. 9d. one 
month, sellers asking 2d. per ton more. There were some 
transactions in the afternoon at 53s. 6d. to 53s. 9d. cash, 
also at 54s. to 54s. 3d. one month, sellers at the close ask- 
ing 53s. 9d. cash, and 54s. 3d. one month, and buyers 14d. 
less. There was a strong market this forenoon. At tlie 
opening 53s. 10}d. was paid, and the price then eased down 
to 53s. 7)d., rallying in to 53s. 9d., and afterwards 
gradually hardening to 6d. cash at the close, when 
there were sellers over at 54s. 5d. cash and buyers at 54s. 3d. 
A large business was done. The afternoon market was 
firm, and business was done at 54s. 6d. to 54s. 7id. cash, 


buyers at the close offering 54s. 9d. and sellers asking 
54s. 8d. There have been some sharp fluctuations during 
the first week or so, but any improvement that arises 
always seems to bring out willirg sellers to take "ry - 
of it. A good deal of solid buying is apparent at the 
lower prices, still there are yet immense —— of iron 
held at high prices, which is always on sale when the price 
moves up. Very large deliveries continue to be made into 
store, and this ap) likely to continue for some time yet, 
as many brands found this their only outlet during the 
period of inflation. Last week’s deliveries into the warrant 
stores amounted to 9222 tons, the total stock with Messrs. 
Connal and Co. up till Friday night being 357,656 tons. 
The market is now returning to a more natural and satis- 
factory state, and there is now more inquiry for forward 
delivery. There is a quiet demand on American account, 
but the shipment of purchases y made ia very large. 
Practically for the present buying on any large e is off ; 
American purchasers do not resume, and Germany is slow 
to move. + week’s shipments from all Scotch ports 
amounted to 17,000 tons as compared with 8702 tons in the 
corresponding week of last year. One additional blast fur- 
nace has been blown in at Langloan Iron Works, and the 
total number of furnaces now in operation is 94 against 
88 at the same date last year. 


The Manufactured Iron Trade.—There is a steady im- 
provement noticeable in the finished iron trade, and this 
change for the better is gradually extending to all the 
allied branches of trade. Manufactured iron is in con- 
siderable request for the United States. A reduction of 
wages to the extent of 7} per cent. has been announced by 
the Glasgow Iron Company to the sheet and plate millmen, 
shinglers, and forge rollers at their Motherwell Works, in 
accordance with the decision | es by Mr. David 
Dale, as arbitrator in the North ngland iron trade. 
The men have gone on strike against the reduction, and 
thus the puddlers have been thrown idle in large numbers. 
It is scarcely expected that the dispute can last long. 

Tramways.—The Edinburgh Tramway Company have 
received permission for a year from the Town Council to 
continue their experiments with steam traction on the 


Portobello line. At a recent meeting of the Glasgow and 
Ibrox Tramway Company, it was stated that an effort 
would be made ) Bm to bring the combined pneumatic 


engine and car into use. In pursuance of the powers got 
in last session of Parliament, the Tramway Committee of 
the Town Council of Glasgow, in conjunction with the 
Tramway Company, have recently let the contracts for the 
construction of the authorised new lines of tram In- 
cluding both the urban and suburban extensions, the new 
lines will, in the aggregate, extend to a distance of about 
seven miles. 


Professorship of Mathematics in the University of 
Glasgow.—In succession to essor Blackburn, who 
oceupied the Chair of Mathematics in the University of 
Glasgow for many years, a new professor has this day 
entered upon his labours. Dr. William Jach, a distinguished 
student of the University, as also of the University of 
Cambridge, is the new professor. He was for some time 
an inspector of schools in Scotland, then he laboured for 
several years as professor of natural philoso hy Owen’s 
College, Manchester, qeeoenty e had e editorial 
charge of one of the leading daily newspapers of Scotland, 
and for the last four years or so he has been connected with 
the publishing firm of Macmillan and Co. ; all the while, 
however, Dr. Jach has kept up a keen interest in pure 
science, and in its practical applications in various of 
investigation. As his chief assistant, or assistant pro- 
fessor, has secured the services of Mr. James Wood, 
M.A., a yo man who belongs to the north of Scotland, 
but has recently been eng: as a teacher of mathematics 
in Newcastle. Mr. Wi had a scholarship at Queen’s 
College, Cambridge, and eapenenentiy attained the high 
place of Tenth Wrangler in the Tripos. 








NOLES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.— Yesterday there was not 
so large an attendance on ’Change at Middlesbrough as 
there usually is. Prices were however firmer. The needy 
small merchants who had bought on the recent rise have 
realised, and there is not that inducement to force small 
on to the market. The quotations were based on 
sellers asking 41s. per ton for No. 3 Cleveland pig, and 
buyers offering 40s. for that quality. Makers themselves 
are not selling. Most of them forward during the 


recent advance, and they nominally quote No. 3, 45s. per | 1 


ton. 

The Finished Iron Trade.—There is little new in the 
finished iron trade. There are more inquiries, and prices 
are rather firmer. Bars, angles, and plates will soon be in 
greater demand, as the prospects of shipbuilders are im- 
proving. 

The Wages Questions.—The shipbuilders on the Tees 
have at last compromised the small difference between them, 
and the men at the several yards have returned to work. 
The blast furnacemen of the North of England have under 
consideration a sliding scale, and the ironstone miners of 
Cleveland are endeavouring to settle their wages question 
in the same way. To-day the committees of masters and 
men have arranged a basis of settlement which is to be 
submitted at once to the men. 


The Steel Trade.—There is a fair good demand for steel 
rails, Messrs. Bolckow, Vaughan, and Co. have for the 
resent ceased making steel from Cleveland iron by the 
Thomas-Gilehrist process, but it is only to enable them to 





erect new plant at a cost jof 10,0001. which they have just 
purchased. They are having two large Bessemer con- 





verters made of such a shape that the mouths cannot 
** gob”’ up with slag, as was —— out was the case b 
Mr. Richards, at the Liverpool meeting of the Iron 
Steel Institute. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Water Works for Retford.—The borough authorities of 
Retford are about to carry out a scheme for the supply of 
the town with water. Boring operations have for a lo: 
time past been carried on at the west of the town, 
water has been found of quality and in abundance. 
The water is to be pumped up to a tank placed on the top 
of a tower 60 ft. high, and from thence Sistri ibuted to con- 
roy The cost of carrying out the work will be nearly 


Singular Charges against a Union.—The South Yorkshire 
Miners’ Union is one of the strongest in the country, but 
there are serious dissensions within it now. A circular has 
been issued to its members, stating that the association is 
on the high road to ruin if something is not done to save it 
from destruction. It is added that unless the power is 
taken from the Council of ordering strikes, and such power 
left to the separate lodges, these disputes will take place. 
Referring to the strikes that have of late taken place, it 
declares that for two years the miner’s begging book has 
never been away from the public. 


The Rail Trade and New Machinery.—We are given 
to understand that large orders have recently been 3 sone | 
with Messrs. Davey Brothers, Limited, engineers, Park 
Iron Works, for new machinery used in the manufacture 
of rails. By the use of this system, which is the sole right 
of the company, a great saving is sec in the cost of roll- 
ing, and the orders are coming in for these, who are ex- 
— in the future to be keen competitors of Sheffield. 

fessrs. Davey have already successfully laid plant in the 
district on the system, and the running in of these fresh 
orders indicates a further expected improvement in the de- 
mand for railway material. 


New Method of Manufacturing 8 Shears.—Some 
time ago Messrs. Ward and Payne, the largest manu- 
facturers of sheep shears in the world, introduced ma- 
chinery for the manufacturing of sheep shears into their 
establishment. The result has been that the goods forged 
by this method have ‘‘ taken”’ well in the market, so much 
so, as to exclude the hand-forged, or those made accordin 
to old trade notions. On Saturday Messrs. Ward a 
Payne gave notice to four-fifths of their forgers, the sole 
cause for this being the decline in the demand for the hand- 
made article. 


Wheatman and Smith, Limited.—The balance sheet 
of this steel and tool manufacturing company, for the 
year ending September 30th last, has beenissued. A divi- 
dend after the rate of 15 a. for the year is declared, 
also a bonus of 5s. per s , and a balance of 253871. is 
carried forward to next year’s account. 


The Heavy Trades.—The improvement in the iron and 
steel trades is fully maintained, and many more hands are 
being employed in the mills and at the puddling furnaces. 
There is every evidence that the revival will be maintained. 
Engineering firms are much busier on new machinery for 
the heavy trades and collieries. 





CoRNWALL Minin@ INsTITUTE.—One of the leading— 
in fact the chief—mechanical novelties at the Exhibition 
recently held at Redruth, was a model of Mr. Marsden’s 
new combined stone breaker and crusher ; in this machine 
he carries the process of reduction further than in his well- 
known stone breaker, by the introduction of a rubbing or 

ding motion, by which the bulk of the material treated 
is brought down to powder at one operation. In connexion 
with the proposals for the development of new methods of 
dressing tin ores, this very ingenious and s' piece of 
mechanism may have an important bearing in future 
Cornwall metallurgical operations. 





_Liverpoot ENGIngzERING SocieTy.—The usual fort- 
nightly of this Society was held at the Royal 
Irstitation, ' t, on Wednesday evening last, 
the 5th inst., Mr. M. E. Yeatman, M.A., President, in the 
chair, when a paper entitled ‘‘Notes on Sewers and 
Sewage,” was read by Mr. E. H. Allies, Member of the 
Association of and Sanitary Engineers and Sur- 
veyors. The author divided his subject into four parts: 
> works both ancient and modern. 2. The 
sewer in its relation to public health. 3. The form, con- 
struction, and ventilation of sewers ; and 4. The disposal of 

. After glancing at the construction of sewers by 
the Romans and others down to our own times, the author 
went on to show how great an effect the sewer had on public 
health, and how important it is that work of this description 
should be properly designed, carried out, and kept in 
repair. He treated at considerable length of the ventilation 
of sewers, and the various methods pro from time to 
time for effecting this object, advocating the system of 
open grid ventilators at frequent intervals and condemning 
the use of charcoal in lever ventilators. In conclusion, he 
treated of the disposal of sewage, and showed how the 
difficulty of dealing with this part of the question has in- 
creased of late years. The author does not believe in any 
of the chemical treatments of sewage being made to pay 
at present, in proof of which he stated that at least 

ineteen-twentieths of the sewage of Great Britain is still 
thrown away. He advocated agricultural irrigation as the 
least expensive mode of disposing of town sewage when 
there is no direct outlet to the sea, and gave the area re- 
quired for this purpose per head of . 
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STERN-WHEEL STEAMERS. 

A RATHER unusual ceremony was witnessed on 
Saturday, the lst inst, at the works of Messrs. 
Yarrow and Co., Poplar, the well-known builders 
of swift torpedo boats and other ‘light-draught 
steamers, by several po’ interested in curiosities 
of naval architecture, essrs. Yarrow and Co. 
have been recently building two shallow-draught 
stern-wheel steamers, intended for the conveyance 
of the mails on the River Magdalena, for the Go- 
vernment of the United States of Columbia, These 
vessels are put together temporarily in the yard at 
Poplar, and are then taken to pieces and shipped 
out to their destination. On Saturday the engines 
and boilers were in place, and the stern-wheels and 
rudders fitted, steam was got up, and the wheels 
were turned round as they will be eventually when 
the vessels are in the water, although, of course, not 
80 rapidly. 

These are not the first by several light stern- 
wheel steamers that have been built by this firm, as 
will be seen by reference to ENGINEERING for 7th 
of December, 1877, page 434, where illustra- 
tions and particulars are given of one somewhat 
resembling the present ones, ‘There are some im- 
portant differences and improvements in the later 
boats, however, which are well worthy of record. 
They are 10 ft. longer and 4ft. broader than the 
former, and are intended to steam about three 
miles an hour faster. The type of boat differs from 
our illustration above refe , in that the boiler 
is placed considerably further forward, and there are 
two flying decks one above the other, instead of the 
one shown on theformer boat. Of these flying decks 

first-class 


the lower one carries the saloons for 


assengers, and on the upper one there are also a 

ew more cabins and a pilot-house. 

Beyond these differences there are some im- 
portant ones to which we shall refer below. 

The two vessels now completed are 130 ft. long, 
28 ft. beam, and are to draw 12 in. of water with 
steam up, but without cargo, and 24 in. with 90 tons 
of cargo on board. The former vessel was for the 
same owners as the present ones, and for the’ same 
service. Orrather for a service which has sprung 
up out of the qualities possessed by their predecessor. 
It appears that last year the River ena was 
more than usually low, and this little stern-wheel 
steamer drawing about 13 in. light Was the only one 
out of some 25 or 30 steamers on the river that was 
able to maintain communication between the capital 
in the interior and the sea-coast, all the other vessels 
having a draught of over 2} ft. being laid up high 
and dry. Under these circumstances the owner of the 
boat that proved the friend in need, obtained the 
contract for carrying the mails, and hence has 
ordered the two present boats. 

We stated-in 1877 that in two of these light- 
draught vessels built by Messrs. Yarrow and Co. of 
precisely the same dimensions, displacement, and 
power,* one a stern-wheeler and the other a side- 
whgéler, there was no preceptible difference in 
speed between the two, and that this corresponded 
to American experience. In shooting rapids, how- 
ever, the stern-wheeler has a decided advantage, 
but more than this it lends itself much better to 
lightness of construction, and the avoidance of 
excessive vibration. As we before explained, b 
placing the engines and boiler at the extreme en 
of the vessel a tensional strain is thrown upon the 
upper part of the structure, which can easily be 
borne by a system of rod trussing. If the upper 
part of the structure had to bear compression, pro- 
vision would have to be made to prevent its buckling 
which would involve considerable additional weight 
of material. The diagonal tie-bars are moreover 
fitted with double screws which enable them to be 
tightened up at will, and by thus throwing an initial 
strain on the framing, it has been rtm by actual 
practice with stern-wheelers excesssive vibration 
can be avoided, 

The vessels are built of steel varying from 3, in. 
to 4 in, in thickness, and are divided into eighteen 
water-tight compartments, so asto localise as much as 
possible any damage that may arise to the hull 
through being penetrated by rocks or snags. All the 
forward part of the vessel below water is treble 
rivetted, as an extra precaution, for it is found that 
with very thin plating, when getting aground or 
damaged by snags, it is not the plating that gene- 
rally gives way but the rivets that get drawn out, 
as the countersinking in such thin plates is almost 
necessarily more or less imperfect. 

The compartments are small, and much 
cannot arise from one of them being stove in, but 
as a further security a centrifugal pump is provided 
on deck with a long suction hose, which pump can 
be set to work at any moment, and the suction hose 
led down into any one of the compartments. 

The boiler, which is of the locomotive type, is 
placed on the main deck forward, and the engines on 
the main deck aft, and are thus easily accessible. 

To obtain the greatest possible economy of fuel, 
the engines have been aa > on the compound sur- 
face condensing system, and for the sake of light- 
ness all the working parts are of steel. hey 
are probably the first compound — ever fitted 
to stern-wheel steamers. The cylinders lie one each 
side of the vessel, and work direct with a connecting 
rod on cranks at each end of the axle of the wheel. 
The connecting rods, which are long, are for light- 
ness trussed, instead of being solid, and to secure 
greater rrp of propulsion, the floats, on one- 
half of the wheel, are placed intermediate between 
those on the other half. 

The diameter of the high-pressure cylinder is 
15 in., and of the low-pressure 27 in., the stroke 
is 4 ft. 6 in., and when working under their 
normal conditions will develop about 250 horse 
-y Provision is, however, made for working 

th cylinders under high pressure for a short in- 
terval, when making headway against rapids, and 
in this way nearly double the power is obtained for 
the time that the engines will develop under ordi- 
nary conditions. It is ex; that when thus 
working they will develop from 350 to 400 horse 
power, 

The arrangements provided so as to admit the 
steam direct from the boiler to the low-pressure 





cylinder include a reducing valve which limits the 





steam admitted to a pressure of 60lb. In working 
the engines thus, the exhausts from ‘both cylinders 
pass direct to the condenser. The working pressure 
of steam in the boiler is 160 1b, per square inch, and 
it has been tested up to 280lb. Several arrange- 
ments connected with the boiler are worthy of 
notice. In the first place the fuelis to be timber, 
and often inevitably it will be green timber, To 
meet this, and to embody as far as possible the im- 
provements recently e, with such excellent re- 
sults in torpedo boats, Messrs. Yarrow and Co. 
have adopted the locomotive boiler with a forced 
combustion, a small fan and fan engine being ar- 
ranged for blowing air into the firebox. And to 
facilitate this another expedient is adopted. The fire- 
box is divided into two, so that the one can be fired 
while the other isin fullswing. This is a novelty, but 
a still greater novelty is the mode in which the suction 
of the fan is turned to account for ventilating the 
cabins. This last feature is one of very considerable 
importance, and is capable of application especially 
to war ships of the Monitor and of the Polypbemus 
type, where ventilation is an all-important considera- 
tion and very difficult to obtain in any other way 
artificially except by costly means, It is moreover 
believed by many that the forced draught system 
must sooner or later prevail generally in marine 
propulsion, and we have at once ready to hand 
ample means for the ventilation of passenger cabins 
or cargo holds, under complete command and with 
but little expense. The vessels have what may 
be termed spoon bows, and the sterns retain 
their full breadth, rounding up gradually from the 
flat bottom to above the water line, and thence up- 
wards square. There are three rudders at the stern 
before the wheels, the centre one being a balanced 
rudder and the other two of ordinary form, the 
shaft or rudder head extending up from the centre 
one, and the side rudder being connected with and 
always moving parallel to the middle line rudder 
by means of a connecting link, In the bow, before 
the boiler, there is fitted a steam capstan for —— 
or working the vessel if ne past a rapid, an 
alongside of the boiler is to be fitted in connexion 
with the fan engine, a circular saw for cutting up 
the wood fuel. 

Judging from the results of the former boats built 
by Messrs. Yarrow and Co. a speed of at least 
between.15 and 16 miles an hour, on a continuous 
run, is anticipated from these boats, which consider- 
ing the extremely light draught of water, will be a 
very remarkable result, i 

he ingenuity and a of resource displayed 
by the builders need not be dwelt upon, for Messrs. 
arrow and Co. have already distinguished them- 
selves in this direction, and we feel sure that any one 
examining the workmanship of these boats cannot 
fail to appreciate its excellence, or to recognise the 
care that has evidently been bestowed throughout 
all the arrangements and all the details to render 
the vessels satisfactory to their owners and credit- 
able to their builders. 





THE THEORY OF THE COMPOUND 
ENGINE. 

WE adhere to the above heading for this article 
merely for the sake of reference and to connect it 
with what we wrote a fortnight ago on page 324, 
under the same title, in exposure of certain absurd 
statements which had appeared in the columns of 
a contemporary the week before, as ‘‘ The Theory 
of the Compound Engine.” In this article there 
will be nothing specially relating to the compound 
engine more than to any other steam engine, 

Our contemporary has met our criticisms by 
the letter of an apologist. This champion, who 
seeks to vindicate the article in. question, is one 
who writes ‘phenomena is” and ‘ phenomena 
takes.” The Engineer is satisfied with him, and so 
are we, after he tells us that, ‘* Further it may be 
shown that Carnot’s proposition really applies 
strictly only to engines working with a perfect gas,” 
he then goes emp | along, blundering anew at 
every step, over nearly two columns, and really 
having had no idea of the principle of Carnot, 
which all the while he thinks hehe been expounding. 

The principle of Carnot is mainly the very fact 
which “J, R.” is anxious to destroy, the doctrine that 
the efficiency of heat in any heat engine is the same 
for the same temperatures, whatever be the nature 
of the substance employed; his words are, ‘Le 
travail produit est indépendant de la nature de 
agent intermédiaire et sa quantité est fixée unique. 
ment par les températures des corps entre lesquela 
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se fait en dernier résultat le transport de la chaleur.” 
The relation between the temperatures is itself not 
Carnot’s discovery, indeed he never heard of it. 
His only scientific paper was published fifty-five 
years ago, he died in the same year in which Mayer 
commenced his university studies. It was not until 
sixteen years after the publication of Carnot’s 
“‘ Réflexions sur la puissance motrice du feu et sur 
les machines propres & developper cette puissance” 
that Mayer, in 1840, in the Island of Java, in bleeding 
a patient, drew from his arm that which led him on to 
the grand fact that heat is work. Carnot’s principle, 
as known to Carnot himself, consisted, therefore, 
mainly in the statement that all bodies are alike in 
respect to efficiency in a heat engine. Instead of a 
perfect gas, any liquid, or vapour, or even solid of 
stone or metal, or any mixtures of these might be 
used with always the same result that not more than 
a certain definite efficiency would be obtained, the 
efficiency depending solely on the limiting tempera- 
tures, and not at all on the nature of the bodies 
operated with. : 

The conclusion of the demonstration of ‘“ J. R.” 
that ‘‘Carnot’s proposition really applies strictly only 
to engines working with a perfect gas” is the follow- 
ing valuable contribution to the fallacies of our 
contemporary’s volunteer defence corps: ‘If it 
be argued that steam could not be condensed and 
remain as water at a temperature and under a pres- 
sure suflicient to convert water into steam, I answer 
that the phenomena takes place every day, and that 
steam is condensed in the performance of work, and 
because of the performance of work without 
any fall in temperature whatever. ‘The pheno- 
mena is as though water at 212deg. were exposed 
to a pressure of but 13 lb. on the square inch on its 
surface, and yet remained altogether water, none of 
it being converted into steam,” 

This phenomenon “J. R.,” having served up 
hot water at 212 deg. and only 13 1b. pressure 
on the square inch on its surface and none 
of it being converted into steam, then attacks our 
‘‘ childish article ;” he says, ‘‘ Carnot’s proposition is 
true only of a conceivable but impossible heat en- 
gine, but with certain limitations or restrictions it 
can be applied to the steam engine. The fact that 
the necessity for introducing these limitations is not 
generally understood, is proved by a childish article 
which I saw in one of your contemporaries last 
week. One of the limitations which must be in- 
troduced is that the temperatures ‘I’ and / must be 
that of the steam when the piston begins to make 
its stroke, and that of the steam at the end of the 
stroke, I notice that you have used these limita- 
tions, but your contemporary takes I’ as the initial 
pressure, and ¢ as the temperature of the con- 
denser.” He must have noticed that in the manu- 
script copy of our contemporary’s article, for 
nowhere in the printed copy does it say anything but 
that “the temperature is fixed by the pressure 
chosen for the moment the exhaust port opens.” 
Our statement and Carnot’s statement is that the 
limiting temperatures are those of the boiler and 
the condenser, and surely Carnot ought to know. 

The waterwheel illustration we gave is ours only 
in respect to the pit and the arrangement of levels. 
The simple waterwheel is Carnot’s illustration of 
what he thought was the nature of the action of 
heat, believing heat to be the material substance, 
caloric. The discovery of the immateriality of heat 
rendered Carnot’s waterwheel no longer applicable 
as analogy. ‘J. R.” says it is ‘‘childish.” It is 
amusing how he finds fault with it, he thinks a 
fair test of its workability would be to accept our 
contemporary’s blunders and to make it work 
according to them. He says the wheel would not go 
round, and therefore “ no true analogy exists.” We 
think that the mere fact that it will not work with 
our contemporary’s erroneous temperatures is a re- 
commendation in its favour. His words are : 

‘* Before taking leave of your contemporary, I 
may add that he compares the action of a steam 
engine to that of a waterwheel an analogy being 
drawn between the fall in sensible temperature of 
the working steam and the fali of water in the 
buckets of the wheel. No true analogy exists when 
steam is allowed to follow a piston full stroke, as in 
the case of steam fire engines, which practically give 
a rectangular diagram. There is no fall in tem- 
perature in the cylinder. On the contrary, T at 
the beginning of the stroke and ¢ at the end of it 
are identical. I should like to see the waterwheel 
analogy applied to this case, It is as though one 
should say that a waterwheel was caused to revolve 
by the descent of water which did not fall.” 





Now it is this correspondent himself and our con- 
temporary who say that the limiting lower tempera- 
ture is that of the steam at the end of the stroke, or 
at the instant of the opening of the exhaust. We 
say it is the temperature of the condenser or of the 
ee, and we therefore find plenty of range 
of of temperature for the waterwheel 
illustration. The expression “‘ sensible temperature” 
shows how little he knows of the subject. 

This champion of our contemporary next leads ina 
quotation from Professor Goodeve’s ‘‘'Text-Book 
on the Steam Engine,” to show that even he does not 
know that ‘‘ Carnot’s proposition cannot be applied to 
the steam engine without qualification ;” A then 
proceeds as follows in reference to the same author, 
‘* A little further on we have a numerical example 
of the effects of expansion. The temperature of re- 
ception T is taken at 212 deg. ; that of rejection ¢ 
at 100 deg. Then ‘212+460=672 and 100+460 


=560 and JH=/3~y Hx,’ which means 


672 
that of the whole work in the steam i could in a 


perfect engine be realised. To make this plain, I 
must explain that J H represents 772 foot-pounds 
per heat unit. The total heat—sensible temperature 
—in each pound of steam when received is 672, and 
the total heat—sensible temperature—when rejected 
is 100 deg. If the whole quantity of heat required 
to raise a pound of steam to the total absolute 
temperature measured from true zero had been con- 
verted into work, it would have amounted to 672 x 
772=518,784 foot-pounds, as a matter of fact, how- 
ever, the heat rejected from the cylinder at the end 
of each stroke amounts to 560, representing 560 
772 =432,320 foot-pounds. ‘The difference or 86,464 
foot-pounds is all that could be had from a perfect 
engine. But this is exactly the same as 112X772= 
86,464.” 

‘The crass ignorance of this extract is so charm- 
ingly hidden to “J. R,.” himself and our contem- 
porary that we think it would be a pity to expose it 





tioned this circumstance before. We may infer 
from this that air at 212deg. cannot ‘hold more 
heat than it can retain at any lower temperature,” 
and that in this lies the difference between the two 
bodies. We hope that Professor Goodeve will not 
go on omitting such important facts. We are tired 
of such rubbish and we fear the reader’s patience is 
worn out, We had intended to have given some 
numerical examples of the application of our water- 
wheel arrangement to various practical forms of the 
steam engine, but we will leave that for another 
occasion. 





PORT EADS. 

Tue Mississippi, which is the great central water- 
way of the North American continent, runs from 
north to south between the 46th and 50th parallels, 
and in this distance receives the drainage of some 
millions of square miles of country. The ever- 
increasing stream arrives at prodigious dimensions 
before it discharges itself into the Gulf of Mexico, 
the flow per minute averaging about 72 millions of 
cubic feet, this ay = pe mass of water is all of 
it, and at all times, laden with large proportions of 
sand and other sediment robbed from the surface 
of the vast watershed by the numberless tributaries 
of the great river. The proportion of deposit to the 
water is about ,},th, the total amount annually 
transported to the sea averaging over 400 millions 
of tons. The natural result of such a transportation 
of material has been to build up the Delta of the 
Mississippi which already extends about 100 miles 
into the Gulf: the form of this delta will be seen at 
a glance from the accompanying plan, Fig. 1. It 
will there be noticed that about 20 miles above its 
outlet the river is divided into a number of divergent 
channels or passes; the width of the stream, 
before this separation takes place, being 1} miles, 
and its depth 40 ft. The delta comprises four 
channels, the South-West, the South, the South- 
East, and the Passe a l’Outre; besides these 
there is the channel of the Grand Bayou, a branch 
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in detail. We will merely say that every statement 
in it is downright nonsense, even that from Goodeve 
has been so misquoted as to become nonsensical. | 
Neither “J. R.” nor our contemporary has ever | 
understood such a sentence as that they quote, and | 
it is capital to see them blundering on and not | 
knowing where they are. 

His next h contains the following, a gem | 
to match his miraculous hot water. He says about | 
the quotation from Mr. Goodeve: ‘* Here we havea | 
total omission of the important fact to which I have | 
already referred, that the behaviour of steam when | 
expanding is different from that of air. In other 
words, a pound of steam at 212 deg. is competent to 
hold more heat than it can retain at any lower 
temperature ;” and probably no one has ever men- 





from the South Pass, and the North-East Pass a 
branch from that of the South-East; in fact, the 
two latter may be considered as two branches of the 
Passe & l'Outre, and the delta to be thus considered 
to consist of three channels. Of these three, 50 per 
cent, of the whole outfall passes by the south-west 
channel, 10 per cent. through the South Pass, and 
40 per cent. through the Passe & l’Outre ; the banks 
of these branches are, of course, built up wholly of 
the material transported by the river, and their 
formation is, therefore, perpetually continuing. In 
addition, however, to the silt thus deposited to form 
the banks, the streams carry seaward large quantities 
of detritus which are deposited as a bar in front of 
the mouth of each pass, thus blocking the entrance 
to all vessels except those of very moderate draught, 
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and making the Mississippi comparatively useless asa 
navigable stream for sea-going vessels. Since forty 
years, continued efforts have been made to increase 
the depth of water over these bars, and about 
250,000 dols. have been annually expended in 

ing in the South-West Pass, and in the Passe a 
lOutre, with the object of maintaining a channel 
18 ft. deep. In 1874, Captain James B. Eads laid a 
scheme before Congress for the permanent improve- 
ment of the entrance to the river, and he guaranteed 
that a depth of 30 ft. should be permanently secured ; 
offering to undertake the work at his own expense, 
and to receive no payment until the conditions laid 
down had been fulfilled. This scheme was received 
with vehement opposition, chiefly arising from 
personal and professional jealousies; to these difficul- 
ties we need not refer, it is sufficient to state that 
the offer of Captain Eads was accepted, and a Bill 
passed in March, 1875, authorising the work. This 
measure, however, only partially embodied Captain 
Eads’ plan, he wishing to deal with the South-West 
Pass, and to secure a channel 1500 ft. wide, whilst 
Congress sanctioned works at the narrower South 
Pass only 700 ft. in width. The plan suggested by 
Captain Eads was of the simplest description ; it was 
to construct two parallel jetties or piers extending 
from the end of the land for a distance of 2} miles 
out to sea, to the bar which, as before mentioned, 
had been gradually formed by the material deposited 
from the river. Before the works were commenced 
there existed a channel throughout the whole length 
of the South Pass 600ft. wide and 35 ft. deep, 
maintained by the scour of the current flowing 
through it, the velocity of which was sufficient to 
carry the particles held in suspension out to sea, 
where they were gradually deposited and formed the 
bar which had an average rate of advance of about 
100 ft. annually into the Gulf. 

Tt was the belief of Captain Eads, a belief sub- 
sequently confirmed by the completion of the works, 
that the extension out to sea of the jetties as already 
mentioned, would give sucha velocity to the current 
as would destroy the bar already existing, and that 
if a new one should be gradually formed, which 
would probably be the work of a century, it could 
not lie nearer to the ends of the jetties than 2} miles. 
A work of such magnitude and carried on with so 
much private risk necessitated not only the exercise 
of the greatest care, but also required the simplest 
and most inexpensive means for its completion; 
Captain Eads did not contemplate the construction 
of works which should of themselves be permanently 
sufficient, but rather the formation of a core or 
nucleus which the sea itself should strengthen 
and increase by the deposit of silt about it, 
Two points had specially to be considered, the 
direction of the jetties and their distance apart; as 
regards the first, they were laid out parallel to the 
currents of the river, and at right angles to the set 
of the Gulf currents, while their distance apart was 
decided upon to give the greatest possible amount 
of scouring action, without danger to the struc- 
ture of the jetties by undermining. Captain 
Eads commenced operations in the middle of 
1875, and after the work had been set out, the 
building of the jetties was begun; they consist 
chiefly of willows built up into mattresses, towed 
into place and sunk by being weighted with gravel 
and stone, The framework of these mattresses, 
which were generally 100 ft. in length, was built of 
timbers 2} in. by 6 in. square, and joined together by 
lap strips 6 ft. long. These timbers were laid about 
5 ft. apart on an inclined landing platform; holes 1 jin. 
diameter and 5 ft. apart were made in them, and pins 
of hickory wood the depth of the mattress were driven 
into them. Upon the frame thus formed, bundles 
of willows 6 in. deep were laid across, and on 
top of them a similar course was laid longitudinally, 
and so on for the whole depth of the mattress which 
was usually 30 in.; care was taken in laying the 
willows that the bushy ends should stretch 2 ft. or 
3 ft. beyond the framing, and on the top was laid a 
number of timbers bored to receive the projecting 
hickory pins already referred to, The mattress thus 
completed was launched and towed into its place, 
and sunk by being loaded with stone; the width of 
the mattresses vary with their position, the bottom 
layer being 40 ft. or 50 ft. wide according to the 
depth of the river, and the upper courses decreasing 
until that at the top is 25 ft. These latter ones 
were either built in place at low tide, or made on a 
barge alongside and dropped into place. It was 
found that these mattresses very soon became filled 
up with the sediment from the water, which more- 
over was rapidly deposited against their outer sides. 


In order to secure a midway channel between the 
jetties, to hasten the scouring action of the stream, 
and to protect the structure by a deposit of silt on 
the inner side, a number of spurs or wing dams at 
right angles to the main work were built on the 
inner side of the jetties at intervals of 600 ft.; these 
were also composed of piling and mattresses. 

In connexion with this undertaking, important 
auxiliary works had to be carried out at the head of 
the , where a shoal existed, To remove this 
shoal and at the same time to divert a larger 
quantity of water into the South Pass, dams were 
constructed in the directions shown in Fig. 2, and 
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sills were also laid across the mouth of the West Pass 
and the Passe a l’Outre; another dam was also laid 
across the mouth of the Grand Bayou, which was 
600 ft. wide and 30ft. deep. This depth has been 
reduced to 4 ft., and the na 2 of water is diverted 
into the improved channel, Although the jetties 
have for a portion of their length been thoroughly 
protected by the silting up onthesea side, it wasfound 
necessary to give to the outer ends a more per- 
manent character, by constructing on the top of the 
mattresses concrete blocks ; these blocks increase in 
size towards the ends of the jetties, where they 
weigh about 65 tons each; the section, Fig. 3, will 
convey a clear idea of this part of the structure, 
Fig. 4 being a section of the jetty ata point 7500 ft. 
to seaward. The extreme ends are protected by 
large timber cribs filled with stone. 

For some of these particulars and. illustrations 





we are indebted to a valuable article in the 


current number of Scribner's Monthly, by Mr. E. L. | 





the bar was 5900 ft., reduced to nothing in April, 
1876. The same date the distance between the 
20ft. depths was 9600ft., reduced to nothing in 
August, 1876; in May, 1875, the distance between 
the 6 ft. depth was 11,700 ft., reduced to nothing in 
March, 1879; and on the 9th of last July there was 
a channel 30 ft. deep and of a minimum width of 
45 ft. from the deep water in the pass out to sea. 
This result has been obtained by the scouring away 
of five million and a half cubic yards of material b 
the work constructed by Captain Eads, and whic 
we have thus briefly described. 





COMPOUND TRAMWAY ENGINES. 

Messrs. BLAcK, HawrHorn, AND Co., of Gates- 
head-on-Tyne, have recently engaged in the manu- 
facture of locomotives for street railways, which 
embody several novel features, and which, judging 
from recent trials, promise to give excellent results, 
more especially as they comply with the Board of 
Trade regulations concerning the use of tramwa: 
engines in the streets. We shall shortly publi 
illustrations of these engines, but we may in the 
meantime refer briefly to their general arrangement. 
The engine is of the ordi locomotive type, as 
regards the form of boiler, position of cylinders, and 
mode of transmitting motion to the driving wheels. 
It is, however, a compound engine, the cylinders 
being 7in. and 12in. in diameter, and 1] in. stroke. 
Motion is transmitted direct to the crank-axle, and 
if found necessary on starting, steam can be admitted 
simultaneously into both cylinders. The boiler and 
firebox are of the locomotive type, the latter being 
of copper, and the former having brass tubes; in 
future engines steel will be wholly employed ; the 
total heating surface of the one to which we are 
referring is about 150 square feet. One of the most 
special features in connexion with this engine is the 
condenser, It consists of a saddle tank 4 ft. 6 in. 
long, laid on the top of the boiler. This tank is 
formed with vertical sides or wings 3 ft. 6 in. high, 
the depth of each being about equal to that of the 
curved portion resting on the boiler, that is to say 
6in. As the width of the tank outside the wings 
is about 5 ft., and the depth of these 6 in., it will be 
seen that there is a clear space of nearly 4 ft. 
between the wings. This space is filled up with a 
me number of horizontal tubes 3ft. 10 in. long 
and 1 in. in diameter, which connect the two wings 
together. The two sides of the tank are also con- 
nected from below by means of a pipe entering the 
bottom plates on each side and ing around 


underneath the boiler. The exhaust pipe from the 
low-pressure cylinder makes a junction with the 
circulating pipe, 


just before the latter enters 
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Corthel, the resident engineer of the work, who adds 
some interesting particulars respecting the ma- 
terials used; there were 592,000 cubic yards of 
willows, 100,000 cubic yards of stone, 10,000 cubic 
yards of gravel, 9000 tons of concrete, and 12 
million feet of timber. Much of this material came 
from long distances, part of the willows were 
brought 315 miles, and most of the stone 1320 miles ; 
11,000 cubic yards of earth filling were brought from 
different parts of the world by vessels in ballast. 
With regard to the effect produced by the jetties, 
Mr. Corthel gives the following figures. ha 
1875, the distance between a depth of 192 ft. inside 
and outside the bar was 4300ft., the following 
February it had disa ; at the same date the 











distance between the 15 ft. depth inside and outside 


the tank, the exhaust 


eo being closed by a 
valve to prevent water from flowing into the cy- 
linder. The tank is filled with water, and when 
the engine is in motion the exhaust steam forcing 
open the valve, escapes into the bottom of the tank, 
where it is distributed by means of a series of de- 
flecting cones placed within the condenser, The 
water in this latter being heated by the exhaust 
steam, is set into active circulation through the 
tubes connecting the wings together, and by the 
large pipe passing around the boiler, as already 
mentioned. These tubes act as avery rapid and 
efficient condenser, especially when the machine is 
in motion, and from the experience already made 


with it, it leaves little to be desired. Of the framing 
and general fitting of the engine there is nothing 
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that calls for special remark here ; it will be enough 
to say that Messrs. Black, Hawthorn, and Co. have 
paid great attention to the requirements of this class 
of locomotive. The wheels are of steel, 24 in. in 
diameter ; there are four of them (coupled), and the 
wheel base is 4 ft. The engine is fitted with a steam 
brake, as well as a hand brake, but the former appears 
a somewhat unnece complication. It can be 
driven from either end, the footplate running all 
round, and the starting, reversing, steering, and 
brake levers being duplicated for this pu . The 
weight of the engine to which we are referring is 
74 tons in running order. 

Some interesting trials have been made at Gates- 
head-on-Tyne, one of them, which took place a few 
days ago, having been a public experiment. These 
trials showed that the engioe could take two loaded 
tramcars up a gradient of 1 in 20, with ease ; that it 
was entirely under control, being stopped with the 
hand brake in a distance of 10 ft. from a speed of 
over six miles an hour; that the consumption of 
fuel is moderate, between 4 cwt. and 5 cwt, of coke 
per day of 12 hours; and that it runs noiselessly, 
with no escape of steam, a result due to the ex- 
cellent working of the condenser. Experiment 
showed that the engine could be worked continuously 
for 4} hours, with an inappreciable loss of water, 
and without its temperature exceeding 180 deg. At 
the end of the time mentioned, it was found advis- 
able, to avoid the escape of vapour, partially to 
change the water in the condenser. If it were 
found more convenient, however, the necessity for 
renewing the water except at long intervals could 
be avoided by increasing the number of the tubes 
between the wings of the tank. 

From what we have said it will be seen that 
Messrs, Black, Hawthorn, and Co, have introduced 
new and important features into tramway locomo- 
tive design, and which appear of no small promise. 
We believe that the engine is shortly to be examined 
by the Board of Trade with a view to ascertain if 
it complies with all official requirements, As we 
stated above we propose shortly to publish drawings 
of the arrangement with a detailed description. 





THE CAPTURE OF THE “ HUASCAR.” 


Some particulars have within the last few days 
reached this country of the recent naval battle in 
the Pacific, which led to the capture by the Chilians 
of the Peruvian ironclad Huascar, It appears that 
the fight was a protracted one, lasting six hours, 
according to the accounts to hand from both 
Peruvian and Chilian sources. One account states 
that the Huascar and the Union entered the harbour 
of Autafagasta, when the Chilian ironclad El 
Blanco Eucalada making her appearance, the Peru- 
vians steamed northwards. Here they were 
met by the Almirante Cochrane and two wooden 
vessels. ‘The Huascar knowing her speed was 
inferior to that of the Chilian ironclad, made 
in towards the coast to get into shallower water. 
A fight ensued between the Huascar and the 
Almirante Cochrane, in which it is stated the former 
endeavoured to ram the latter, but was foiled by 
the superior speed and turning power of the Chilian 
vessel, which is fitted with twin screws. The battle 
seems then to have resolved itself into one of guns 
versus armour, Here, however, the Chilian still held 
the advantage, although the disparity in point of 
armament was not so great as may at first seem. 
We have on previous occasions described both ships 
(ENGINEERING, 6th of June and 4th of July last), 
and it will be found upon reference that both 
vessels were armed with Armstrong 300-pounders, 
the Huascar having two of these guns in a 
single turret, while the Almirante Cochrane had 
six of them in a central battery. The latter vessel, 
however, would only have three heavy guns on each 
side against the former's two, and in fighting on 
either bow both vessels would have two guns each. 
Judging by the loss of life on board the Huascar 
the battle must have been well sustained and 
pony This is the first fight which has taken 
place between a turret ship and a broadside, one of 
about equal size, and it is almost a pity it was not 
fought out without the interposition of the El 
Blanco Eucalada. The armour of the Chilian is 
considerably thicker than that of the Huascar, and 
this with her ter and mancuvring power 
would have given the former the advantage provided 
the two vessels were fought equally well, The 
Chilians, however, evidently thought a certain 
victory preferable to an even fight, and brought up 








their second ironclad. From this time the Huascar 
was manifestly overmatched. Furtber particulars 
will doubtless soon be received, which cannot fail 
to be of the highest interest. Sufficient is known, 
however, to show that even with thin armour like 
that of the Huascar, a vessel can hold her own for 
many hours pee heavy artillery capable of send- 
ing shot and shell through it easily at the targets at 
Shoeburyness. It is also clear that the Peruvians 
fought well and pluckily, and their gallant com- 
mander, Admiral Grau, with many of his officers 
and men, met their deaths as bravely as even officers 
of our own or any other navy could have done. 

The three combatants were built in this country, 
the two Chilians at Earle’s Shipbuilding Company’s 
Works, Hull, from the designs of Mr. E. J. Reed, 
and the captured vessel by Messrs. Laird, of Birken- 
head. In our description of the Chilians we pointed 
out that two of the principal features of their design 
were extreme handiness and exceptionally powerful 
bow-fire for broadside vessels of their size. Both 
these qualities seem to have stood them in good 
stead in the recent action, and this cannot fail to 
emphasise the desire to develop these qualities so far 
as possible in our own fleet. 


A STEEL-BUILT CAPE MAIL STEAMER. 

On Monday afternoon a new steamer named the Kin- 
fauns Castle, the first ocean mail steamship built entirely 
of steel, was launched from the shipbuilding yard of 
Messrs. John Elder and Co., Fairfield, Govan. It is 
claimed for steel that it affords in the construction of 
ships great strength, combined with lightness and 
elegance; and the experiment of employing it exclu- 
sively in such a large merchant ship as the one in ques- 
tion is one that is likely to be soon followed largely 
should the new vessel justify the hopes entertained of 
her. This vessel has been built for the “Castle” line of 
Cape mail steamers owned by Messrs. Donald Currie 
and Co. Without giving any detailed description of the 
Kinfauns Castle at present, we may briefly mention her 
principal dimensions and a few otherdata. Her measure- 
ments are—Length, 371 ft.; breadth, 43 ft.; depth of 
hold (moulded), 32 ft. 6 in.; tonnage, 3600 gross. She 
is to be furnished with compound engines having two in- 
verted cylinders—a high-pressure one, 51 in., anda low- 
pressure one of 88 in. diameter, each with a stroke of 
4 ft. 9in. The indicated horse power of the engines will 
be 2800, and she will have two cylindrical boilers work- 
ing up to a pressure of 75 1b. per square inch. She is 
the 226th ship built by Messrs, Elder, and is the 
first order entrusted to that firm by Messrs. Currie and 
Oo., and the bulk of the steel used in her construction 
was supplied by the Steel Company of Scotland. This 
latest addition to Messrs. Currie and Co.’s colonial mail 
line is the fifteenth steamer now flying that firm’s flag 
between England and South African colonies; and 
another steamer, to be named the Grandtully Castle, of 
the same dimensions and tonnage, is to be launched in 
a few days from the yard of Messrs. Barclay, Curle, 
and Co., for the same line. 

After the ceremony of the day was over, luncheon was 
served to a large party of visitors, Mr. William Pearce 
presiding. In asking the company to drink success to 
the Kinfauns Castle, the chairman said he looked upon 
that vessel as inaugurating a new era in regard to ships, 
for as a large passenger ccean steamer built of steel she 
was sure to have many successors. It was quite clear 
to him—and he was supported in his opinion by many of 
his scientific friends—that the now material of which 
the Kinfauns Castle was constructed was to cause a great 
change in naval architecture, and consequently in ship- 
building business over the country. By using steel they 
were now able to carry sufficient coal to make their large 
ships profitable, which a few years ago it was impossible 
for them to do. They were further enabled by availing 
themselves of steel to make their ships sail at a much 
higher rate of speed than they could formerly do. Those 
advantages were due to the lightness and the strength of 
the material employed. It was because the hull of the 
vessel was less weighty than before that they could now 
carry more coal and cargo, and thus allow of a margin of 
profit, which shipowners said had been very doubtful of 
late years. A remarkable feature of the present time 
was the growing spirit of travel amongst the British 
people everywhera. A few years ago many people would 
have hesitated about taking a voyage across the ocean, 
but now such a voyage was looked upon as a matter of 
course, or as a holiday. In fact, of late years, large 
steamships had become where people could enjoy them- 
selves as much as they could do ashore. Of course there 
were people who were never ill at sea, and those were 
the people that he referred to. In connexion with the 
growing spirit of travel, he said it became shipowners 
to meet the spirit of the age; and the way to meet that 
desire was to proceed with improvement in ships. 
Another great point as to the future of such ships was 
the use to which they could be applied in times of war, 
and for Admiralty purposes ; and the vessels were now 
constructed in such a way that if two compartments 
came by accident to be filled with water they were 











quite safe. That was a great feature in modern ships, 
and when it was known that the principle involved in 
it was recognised in such high-class steamers as the 
Kinfauns Castle, people would unhesitatingly choose 
such vessels for the voyages which they desired to 
make. 

Mr. Donald Currie made an exceedingly interesting 
speech in replying to the toast. He said he was quite 
sure that the new ship would, more than any previously 
built vessel, be a credit to the builders, that she would 
sustain the reputation of the line with which she was to 
be connected, and be an illustration in her voyagings of 
British enterprise. There was nothing more extraordi- 
nary in the fortunes of Great Britain than the develop- 
ment of her mercantile shipping. He remembered reading 
the news of the arrival inan American clipper of the first 
of the season’s teas, a vessel which had beaten the 
Oriental and other ships. The old-fashioned English 
clipper and East Indiaman were far out-distanced. But 
a sense of British interests and British honour requiring 
it, the British took it into their heads to give keener 
competition to their rivals on the sea and beat them. 
And it so happened that British builders, and amongst 
them those of the Clyde, managed soon to put out vessels 
that carried off the palm from the Americans in the 
China tea trade ; and it was now ships trading under the 
British flag that carried into the country every ounce of 
tea used in it. And thinking of the American trade re- 
minded him of the vessel lately launched by the Messrs, 
Elder, which made the fastest voyage on record to 
America—he referred to the Arizona. Proceeding further 
to contrast the present with the pastin regard to the Ameri- 
can trade, and without recalling ancient days, Mr. Currie 
said he might inform the company that he happened to 
be clerk in the Cunard office some years ago when there 
was only one steamer—and that one belonged to the 
Cunard Company—crossing the Atlantic in the month. 
The total quantity of freight which he was then able to 
divide to anxious shippers in ety cm was 80 tons per 
month. Now there sailed from the ports of England 
under the British flag not less than a capacity of 150,000 
tons of cargo every month. But if they took merely a 
colonial view of it—a subsidiary and inferior one, of 
course—he must think of the Cape Colony, and remem- 
bering that when they commenced the trade to that 
colony in 1872 the passage occupied 33 days; and the 
size of the vessel employed was one-third of that of the 
ship just launched—he thought he saw a development 
of British enterprise. There were now three letters and 
ten newspapers despatched between this country and 
the colony for every one sent a few years ago, and ten 
times as many passengers, and ten times as much cargo 
was conveyed; and all he thought to the advantage of 
the Clyde as a constructing port, ‘and to London and 
Southampton and other places as communicating’: wit 
the distant colonies. Referring next to the desire for 
travel and interchange of views, Mr. Currey said that 
now people were satisfied with nothing less than as many 
feet in a ship as there were days in a year—namely, 
365—nothing less than the 43 ft. of beam which Mr. Pearce 
put in the ship; 3600 tons for their safety ; three iron 
decks; and three or four bulkheads. Every one of 
the Cape Line ships had been accepted by the Admiralty, 
and all of them had been built on the Clyde, with their 
iron decks and bulkheads. It gave him great pleasure, 
indeed, to think that all the fifteen or sixteen ships now 
forming the line had been built on the Clyde, and that 
the skill, enterprise, and kindness of the builders on the 
Clyde had so largely helped the development in shipping 
of which he had spoken. He was quite sure they had 
in the Kinfauns Castle a good and noble ship. No better 
ship had ever left the ways of a building yard on the 
Clyde, ard no better or more earnest efforts had been 
used by any man than he had seen used from first to 
last in regard to the yessel by Mr. Pearce and Mr. 
Bryce, and every one in that most distinguished yard— 
distinguished because the compound engines, in their 
type as in their make, got their chief impulse and de- 
velopment from the late Mr. John Elder of that yard. 
That was the first steel ocean mail steamer which had 
ever been floated in the sea to carry passengers and 
mails with speed to the waiting colonies. The credit 
for the successful construction of such a vessel was due 
to the Messrs. Elder’s shipping yard, and the hearty and 
earnest desire of Mr. Pearce to press forward everything 
that could make the Clyde shipbuilders renowned. 

Mr. James Gurrie, in proposing ‘The Health of the 
Builders of the Kinfauns Castle,” said that one of the 
principal agents in effecting the great revolution that 
had taken place in steam navigation was the late Mr. 
John Elder. The form of engine which had formerly 
been known to engineers, but which was looked upon as 
not suitable to modern requirements, Mr. Elder had the 
credit of having reduced to practical utility, and before 
his death he saw that his efforts to improve steam navi- 
gation had to a large extent been realised. He trusted 
that the manner in which Mr. Elder’s name was associ- 
ated with the improvement of steam navigation might be 
regarded as an omen for the success of the firm over 
which Mr. Pearce now presided. 

Mr. Pearce, replying for the firm, said they were 
greatly indebted to the shipowners of this and other 
countries for their success. If he were to tell the company 
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what Mr. Currie had done, he should keep them there till 
after dark. The story to be properly told would require 
to be put in pamphlet form. Mr. Currie had done more 
than any man he knew to increase the number of 
steamers and bring forward a new type of steamers, 
because, not only had he started a line for himself, but 
he had absolutely compelled a competing company to 
follow his example; and that, as a shipbuilder, he (Mr. 
Pearce) liked to see. He was glad to see thatthere was 
a difference altogether in the state of their trade, as 
shipbuilders and engineers, from what it was a year 
ago. Instead of having only three ships on the stocks, 
as there were then, he had now fourteen to build, which, 
of course, was good news for the great number of people 
they had around them. 





THE HERRESHOFF TORPEDO BOAT. 

Aw official trial of considerable interest has recently been 
made at Portsmouth to test the efficiency of the Herreshoff 
torpedo boat, of which drawings and a description have 
already appeared in this journal (see pages 93 and 122 of 
our last volume). The special object of the trial was to 
test the practical value of the boiler, and the experiment 
lasted no fewer than seven days, and included a run of 
four hours per day. The first trip was made on Wednes- 
day the 22nd of October, and the programme for this and 
each of the subsequent days was that the boat should 
leave the dock at half-past nine in the morning and 
steam for two hours in the Solent, a similar run being 
made in the afternoon. The average steam pressure was 
120 1b., but this occasionally rose to 1501b.; the vacuum 
was bad, falling as low sometimes as 15 in., and this was 
probably due to the condenser not having been cleaned. 
During all of the 14 runs the boiler gave plenty of steam 
at the required pressure and the engines worked well, 
with the exception of an accident to the steam throttle- 
valve, which was soon set right. The boat was not run 
with a view to ascertain her highest speed, and a mean of 
13.825 knots only was obtained, but it will be remembered 
that she made 16 knots during the official trial on the 
Thames, The sea was generally unfavourable. The 
engines were under the charge of Mr. Wheeler, of H.M.S. 
Vernon, Lieutenant Reid, of the Iris, being in command ; 
an engineer officer watched the trials on behalf of the 
Steam Reserve; and Mr. Iceley, chief inspector of ma- 
chinery, and Mr. Morcom, assistant to the chief engineer, 
were also on board. The result of these trials is; we 
believe, considered highly satisfactory. 


BrssEMER Pia.—A large business has been done at New 
York in English Bessemer pig. A sale is reported of 
10,000 tons at 26 dols. per ton, and-other sales amounting to 
40,000 tons at 25} dols. per ton, delivered in New York, are 
noted. 








Gravine Dock IMPROVEMENTS IN THE THAMES.— 
The works for the reconstruction and enlargement of Messrs. 
Fletcher, Son, and Fearnall’s Upper Union Graving Dock, 
Limehouse, E., are now being proceeded with, from the 
designs and under the direction of Mr. E. C. Homer, C.E., 
of Hackney. It is proposed to lengthen the dock so that 
when finished it will be one of the ae inthe river. The 
facilities afforded ships entering and leaving the dock will 
be greatly improved, as on either side of the entrance there 
will be a jetty extending well out into the river. The walls 
will be constructed in brickwork with a concrete backing, 
and the dock bottom in concrete 6 ft. in thickness with a 
timber flooring. 





Socrety or Arts.—The programme of this Society for 
its 126th session has just been issued. It gives a list of the 
papers and lectures for the session, so far as they have 
been arranged. The following are the papers to be read 
at the evening meetings previous to Christmas: No- 
vember 26—‘‘ Suggestions for Dealing with the Sewage of 
London,”’ by Major-General H. Y. D. Scott, C.B., F.R.S. 
December 3— ‘‘ Apprenticeship: Scientific and Un- 
scientific,’ by Sylvanus P. Thompson, D.Sc., Professor of 
Applied Physics at University College, Bristol. De- 
cember 10—‘‘ Art Vestiges in Afghanistan ; the Results 
of some recent Explorations in the Jellalabad Valley,” by 
William Simpson. December 17—‘‘The Panama Canal,”’ 
by Captain ord Pim, R.N., M.P. The dates of the 
papers after Christmas are not announced, but the follow- 
ing are among the subjects to be treated: ‘‘ Domestic 
Poisons,”’ by Henry Carr ; ‘‘ Gas Furnaces and Kilns for 
Burning Pottery,’’ by Herbert Guthrie, C.E. ; ‘‘ The Uti- 
lisation of Slag,’’ by Charles Wood; ‘‘ Art in Japan,’’ by 
C. Pfoundes ; ‘‘ The Trade and Commerce of the Yenisei,’’ 
by Henry Seebohm ; 
Processes,’’ by Thomas Bolas, F.C.S.; ‘‘ The History of 
the Artof Bookbinding,” eg B. Wheatley, F.S.A. ; 
‘* Art Ironwork,’ by J. W. Singer; ‘‘ The History of 
Musical Pitch,” by A. J. Ellis, F.R.S.; “The Recent 
History of Explosive Agents,’’ by Professor Abel, C.B., 
F.R.S. ; “‘ Ireland and its urees,”’ by C. G. W. Lock ; 
‘** The Future of Epping Forest,” by William Paul, F.R.S. 
Three courses of ‘* Cantor Lectures’”’ are to be given. The 
first course is by Dr. Charles Graham, F.C.S., F.I.C., 
Professor of Chemical Technology at University College, 
London, on ‘‘ The Chemistry of Bread and Bread-making.”’ 

he second on the ‘“‘ Manufacture of India-rubber and 
Gutta-percha,” by Thomas Bolas, F.C.S. The third by 
R. W. Edis, F.S.A., on “ Art Decoration and Furniture.” 
The first meeting of the session will be held on the 19th 


inst., when the ope: address will be delivered by Lord 
8. Churohill, chairman 


Alfred of the Council. 
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NOTES FROM THE SOUTH-WEST. 

Cardiff—Last week 89,382 tons of coal were shipped 
foreignwise, or a decrease of 2728 tons on the previous 
week. Orders are still being offered for forward delivery, 
but colliery proprietors decline to enter into further con- 
tracts, except at improved prices. Iron shipments last 
week were not quite so good, but large quantities are wait- 
ing on the quay. Patent fuel exports are rather dull, but 
orders are improving. 

Tron ap moe y from Cardiff.—Last week 3383 tons of 
iron were shipped foreignwise from Cardiff. This iron was 
despatched to the gg nage destinations : Rails to Karls- 
krona, 750 tons; to Rio de Janeiro, 500 tons; to Gefle, 
751 tons, by the ey Tron Compeny 5 to Rio de 
Janeiro, 470 tons, by Messrs. Jones, Heard, and ; 
to New York, 62 tons, by Mr. W. Y. Edwards; spiegel, 
150 tons, to New York, by the Dowlais Iron Com 3 

ig, 250 tons, to San Francisco, and 25 tons to Palermo, 
by Messrs. Insole and Son; scrap, 230 tons, to New York, 
by Messrs. Barnes, Guthrie, and Co. ; and 100 tons to the 
same place by Messrs. Forester, Dornford, and Co. ; , 
42 tons, and iron wire, 53 tons, to New York, by Mr. W. 
Y. Edwards. 


Restarting of Machen Tin-Plate Works.—We hear that 
the Machen Tin-Plate Works are shortly to be restarted 
by Mr. Green, contractor, who has been en, during 
several years in constructing water works at Swansea. 
The output of the works has been about 200 boxes per day. 
ag eae of hands who will be re-engaged will probably 

Briton Ferry Iron Works.—On Wednesday afternoon, 
the No. 2 blast furnace, which has been out of blast for 
about twelve months, was relit. Additional interest was 
lent to the ceremony from the fact that Mrs. G. H. Davey, 
the wife of the respected manager, applied the torch. 


Works in the Forest of Dean.—An early resumption of 
operations will take place at the‘,tin-plate works, Parkend 
osed a few days since. The ad: t furnaces and mineral 
properties of Messrs. James and Greenham have been pur- 
chased by Mr. Edmund Crawshay at the reputed sum of 


ford Valley. The mills have now been let on a lease of 
fourteen years, with the option of purchase, to Mr. Morris, 
of Llanelly, the son of Sir John Morris, Bart., Sketty. 


Blaina.—There is reason to believe that the Blaina 
Works will be put in motion early in 1880. ion has 
already been leased to Major P. 8. Phillips, of Abertillery, 
and is nearly ready to be opened as a tin works. The re- 
maining portion of these works has been purchased by 
Messrs. Eoonee and Co., and their mt, Mr. Griffiths 
(formerly of Ebbw Vale), has been, and is now, superin- 
tending the repairing of the engines, furnaces, &c 


Llantrisant.—Improvement is showing itself in the tin 
trade at Llantrisant, where the men have been on full time 
for some weeks. Several alterations have lately been made 
in the tin-house, and now an additional mill is to be built ; 
the contractor commen work on Monday morning. 
There is a rumour also that the Lianlay Colliery is about 
to be restarted by the Loftus Iron ee This is one 
of the largest collieries in the neighbour ls 





STEAMERS FOR FRANcE.—There have been several 
rumours of late about the ordering of ten large steamers 
from a Glasgow firm by the Messagéries Maritimes of 
Marseilles. We are now in a position to state that it is 
not that company but the Compagnie Générale Transat- 
lantique of Paris. The steamers are intended for the 
development of the communication France and 
Algiers, and are of ,2000 horse-power, 14 knots speed, and 
fitted up with every requisite for a number of 
and for carrying the i The order has 
amongst the following firms, viz.: John Elder and Co., of 
Glasgow; Wigham Ri n and Co., of Newcastle-on- 
Tyne; Caird and Co., of Greenock ; and A. and J. Inglis, 
of Point-house.—Public Ledger. 


passengers, 
been divided 





Tue Cost or THE Exzcrric Licgut.—The following 
particulars of the cost of producing the electric light for 
factory illumination will be read with considerable interest 
The plant consists of one 8-horse power Marshall’s engine 
fitted with automatic expansion gear, two Gramme dynamo 
machines, two lamps, and one spare lamp. This plant was 
established one year ago at the pipe foundry of the Stanton 
Iron Works Company, Limited, near Nottingham, and the 
following figures show the result of twelve month’s work- 
ing : 8. 

Interest and depreciation on 3641. 10s., 


first cost at 10 per cent. ... i, oe. 

Wages of crane tenters attending 
lamps ... eth wee nae ay we: 
Oil waste, repairs to engine, &. ... 3 12 9 
Repairs to machines, cables, &c. ... . +e 
pa lamps nu Fas a 8 2 6 

6574 meters of carbons, at 2s. 2d. per 
meter ... ond ove she “oe. ee 
134 ll 6 


The hours booked against the foundry were 3624 in 302 
working days, but the lamps were probably lit 4000 hours ; 





taking the smaller figure the cost is— 46h narteien 
For the‘year commencing Oct. 26, 1878 { “hope” of "aboo 
” ending » 1879 candles. 





AMERICAN PUMPING ENGINES. 
WE have been favoured by Mr. Park Benjamin, of New 
York, with the MO the Holle of tests of a pumping 


engine belo to the Manufacturing Compan 
of Buffalo, New York. This has been na by 
Mr. Benjamin for publication‘in Appleton’s “ Cyclopedia of 


Mechanics.’ 


Report of Tests of the Holly Pemgiog Engine, New York, 
To the Holly Moaniechtoe ‘Com F 
‘0 ° pany, 
Lockport, New York. 
_ Gentlemen,—Having conducted trials of your pum 
engine at Buffalo, New York, we beg to submit the 
following report. 
The tests were under the supervision of Mr, Richard H. 
Bull, representing this office and including the time re- 
uired to verify Fn and other ap 
rom June 23, to June 27, 1879 ; the duty test taking place 
on June 26, 27. 
We take pleasure in acknowledging the valuable assist- 
fe Wass hair Eee ae 
a , the en; in is ; 
and also your courtesy in requesting us to prescribe the 
the conditions of trial and in providing all feollitiss for 
furthering the same. 


Description of the Pum ne Engine. 

The pumping engine with which @ trials were made 
has four steam cylinders inclined at an angle of 45 deg., and 
four penn one of which is in a direct line with each 
cylinder. The steam —- - Ronse 
arranged in on op sides of a iron 
the two ahuasd each pair being comntated 0 
i nk for one pair of cylinders being 


yr ge and the cra 

set 135 deg. in advance of that on the opposite side. The 
engines are of the reciprocating piston form with guides and 
connecting rods. A connecting rod attached to the back 
crank-pin actuates an air pump beam giving mo’ to two 
single-acting air pumps, and two boiler feed pumps, one of 
which draws water from the hot well, and the other from 
the steam jackets which surround the sides of all the steam 
cylinders. The steam from the jackets passes a 
can 


130,000l. In consequence of the reverses in the tin-plate | feed water heater, so that the temperature of the f 

and iron industries, Mr. Crawshay first abandoned plate- | be raised to any desired ry by increasing the amount of 

making, and subsequently blew out the furnaces. A couple | steam supplied to the jackets. 2 

of years since there were strong hopes that a negotiation, The connexion of the pumps with the steam cylinders 

between Mr. Crawshay and Mr. Jacob Chivers would have | and the steam piston rods with the pangs & by means of 

resulted in a the mills ; but owing, a8 wes oll 4 oa — any engine or pump can readily thrown 
isadvan' @ comparison 0! ilway rates, Mr, | ow on. A 

Chivers erected new mills near his colliery in the Oinder-| Each steam piston is packed by cast 


-iron om set out by 
springs, the set screw of which projects beyond the face of 
t od gypsy and there are bonnets in the lower cylinder 
heads, so that the piston rings can be adjusted without 
opening the cyli 


The pumps are of the piston variety, double-acting, the 
pump’s barrel being secured in a chamber containing the 
valves by a rib which forms a partition between valves on 


the opposite ends. The pump valves are fiat discs of 
rubber secured to iron discs having stems working in guides. - 
These iron discs are of sufficient weight to bring the valves 


to their seats promptly, and no springs are used. The 
valves seat on metal gratings. e 8 and exhaust 
pipes of the several steam cylinders are so ha 


: arranged that 
steam from the boilers can be admitted directly into all the 
cylinders, and exhausted into the condenser, or live steam 
can be admitted to but one cylinder, and exhausted into 
the other three, then passing to the condenser forming a 
compound engine at pleasure. To change from direct to 
compound, it is only necessary to manipulate three stop 
valves, one connecting the steam pipe of three cylinders 
with the boilers, one connecting the exhaust pipe of {the 
fourth cylinder with the condenser, and the third one con- 
necting the exhaust pipe of one cylinder with the steam 


pipes of the other three. 
he valve of each steam cylinder consists of a slide 
valve moved by an eccentric in the usual manner, and ad- 
mitting steam throughout the whole stroke. A double 
puppet valve in the steam chest regulates the point of cut- 
ep | pay and th veer. ‘the period Sod of 
moved in an a: us e 0! 
———— from zero to _ mse wl Eo a % which 
cam is so as to regula @ speed wer 
exerted constitutes the chief peculiarity of the Holly cae 


ing engine. 

he adjustment is effected by means of a regulator con- 
nected with the water main in such a manner that any 
change in water pressure is immediately corrected by an 
adjustment of the cut-off, resulting in a practically uniform 
water pressure, under the most varying conditions of supply. 
If the water pressure tends to fall owi an unas 
draught upon the main, the cut-off is immediately hened, 
and the engines exert snfficient power to maintain the 
original pressure ; if the consumption is suddenly lessened, 
so that there is a tendency for the water ure to in- 
crease, the cut-off is at once shortened, hing the 
power of the engine sufficiently to maintain the original 
pressure under the reduced supply ; and if all consumption 
of water suddenly ceases the engine will immediate] aon. 
It is evident from the foregoing description that the 
Holly regulator acts in an different manner 
from the ordinary governor, which would increase the cut- 


off as the water pressure augmented, and shorten the cut- 
off as the same - The details of the regulator 
are briefly as follows : 

As water 


linder containing a solid piston is con- 
nected directly with the main, and a weight f attached to 
the piston so as to counterbalance the water pressure. 
This is effected by suspending the weight from a strap 
which passes over a cam that rotates as the pressure 
changes, thus altering the lever arm of the counter-balance 
and keep it in equilibrium with the water pressure, however 





much the latter may . The cut-off cams of the steam 
eplinders are moved axially eighor (0 shorter or hen 
e cut off when the throws a friction clutch into 
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gear, which it does whenever the water pressure varies from 
a given amount. A weighted lever would maintain this 
friction clutch in gear, were it not for the action of 
the regulator. 

The shaft on which the counter-balance cam rotates has 
an index. wheel, and the index can be set at any desired 
water pressure. So long as the water pressure varies from 
the figure at which the index is set, the friction clutch is 
kept in gear by the —— lever, and the cut-off is 
adjusted until the requi pressure is reached. At this 
point the index en with the he mes lever, and 
throws the friction clutch out of gear ; whenover the water 
pressure varies the friction clutch is thrown into gear, 
again changing the cut-off so as to maintain the water 
pressure constant. 

It will be seen that the cut-off is regulated by positive 
gear driven by the engine, and the only work required of 
the regulator is to connect or disconnect this gear. 
Should this pressure rise very suddenly, however, a piston 
in a safety cylinder raises a lever to which the cut-off gear 
is connected, and throws the cut-off to zero instantly if 
this is requisite. 

A regulator, it is searcely necessary to add, is an essential 
feature of a direct pumping system in which the supply is 
constantly varied. 


PrincrpaAL DIMENSIONS OF THE ENGINES. 
Steam Cylinders : 


Number ... eve pe 4 
Diameter oe eco eee 25 in. 
Length of stroke ove 33 ,; 
Diameter of piston rod see 3.11 ,, 
Steam port wee cee eee 11.5 in. by 1.5 in. 
Exhaust port ... eee 11.5 in. by 2.25,, 
Length of connecting rod ia 8.25 ft. 
Diameter of shaft exe eee 10 in. 
oe crosshead pin (steel) 3.875 in. 
> crank-pins is .. 4875,, 

Bearing surface of crosshea’ or 

guides ... + eee eee eee 130 sq. in. 

Air Pumps: 
Diameter eee on as ~ 24 in. 
Stroke ... ene sa ani ove 30 ,, 
Number ... sa ~ sins on 2 
Diameter of condenser 4 ft. 4in. 
Length a ass tee 29 in. 
Diameter of main steam pipe on 8 ,, 
” ” for eac 

engine... pat ese — So 

Diameter of main exhaust... inn 10 ,, 
pa os for each en- 
gine... ove ene eve eco Gs 





Flywheel : 
Diameter ~ ee 12 ft. din. 
Width of rim ove . 10.25 in. 
Depth ,, eee a eee ose 8.5 ,, 
Weight ... ee oe ooo 16,000 lb. 
Extreme length of engine a 43 ft. 
pa heigh ‘ ose 26.75 ft. 
9 width et 17 ft. 
Pump cylinders : 

Number ... eee 4 
Diameter eve ote eee ia 15.5 in. 
Length of stroke a od ‘ie - « 
Diameter of piston rod a at 2.86 in. 
Displacement of all pumps per revo- 

lution ... coe eco aie ... 212 U.S. gals. 
Number of valves, suction and dis- 

charge at each end ... ie vie 6 
Area of opening, suction, and dis- 

charge at each end... = + 147.968q. in. 
Diameter of main suction and dis- 

charge pipes ... ove eee iad 24 in. 
Diameter of main suction and dis- 

charge pipes at each end of pump 14 » 
Length of service pipe into which 


pumps deliver water 36 miles rang- 
ing in diameter from to : 

Number of discharge air vessels 

Internal diameter of discharge air 


24 in. to 4 in. 


vessels... ese —_ ‘ihe 22 in. 
Number of suction air vessels ben 4 
Internal diameter of suction air vessels 24 in. 
99 height ” ” 
(flat tops) w 36 ,, 


Boilers. —Two boilers were used to supply steam to the 





engines during the duty trial. They were internally fired, | 


flue and return tubular. The only 
from radiation was a casing of lig 
away from the shells, and — 
1 in. in thickness was laid loose 


exposed portions of the casing. 


t iron, a few inches 


a against loss | 

| consumer and demand immediate relief. The Rev. Dr. 
the run some hair felting | 
ly over some of the most | 


| 


Ontside diameter of tubes 3 in. 
Length of tubes eit 11.95 ft. 
Total grate surface 42.68 sq. ft. 
Heating Surface. 
Tubes... 904 Pan a «- 1608.3 ,, 
Furnaces oe a one a || $9 
Flues and connexions ... 127.7 5; 
Total ... iu aes eee 1977 99 
Cross sections of flues we 5.8 *9 
‘~ - tubes oe 7.3 ‘in 
Ratios. 
Heating to grate surface... oe 46.1 
Cross section of flues to grate surface 0.136 
9° - tubes - 0.17 
Height of chimney above grate 76 ft. 


(To be continued.) . 








Tue Lonpon WATER QuzEsTion.—A large meeting of 
the ratepayers of Southwark was held last week for the 
purpose of protesting cess the increased charges of the 
Southwark and Vauxhall Water Company. The chairman 
in opening the proceedings stated that Mr. Locke, the 
senior member of the borough, had written him, conveyin 
his hearty sympathy with the objects of the meeting, an 
adding that he should endeavour to promote their views in 
the House of Commons. Similar letters had been received 
from Professor Fawcett, Sir Trevor Lawrence, Sir Henry 
Peek, Mr. Mundella, Sir Charles Dilke, and other gentle- 
men. The chairman that the ratepayers now had 
dear water, insufficient in quantity, and bad in quality. 
The first resolution was to the effect that the time had 
arrived when Government should initiate legislation on the 
great question of the future water supply of the metropolis. 
The second resolution affirmed that the charges of the 
Southwark and Vauxhall Water Company, being based 
upon the gross annual value of property, are unfair to the 


Maguire, rector of Southwark, proposed that it is desirable 
to petition Parliament for the repeal of so much of the 


| Acts regulating the London water supply, under which the 


he boilers were provided with steam domes, from which | 


the steam was supplied to the engines. The following are 
the principal dimensions : 


PrIncrpaAL DIMENSIONS OF THE BoILERs. 


Diameter of shell 6 ft. 
Length of boiler z sos 13.88 ft 
Number of flues in each boiler SS : 
Internal diameter of flues... : ry m. 
Length of flues ... i = oe 4.65 ft. 
Number of return tubes in each boiler 86 








charges of the company are made upon the annual value of 
eae , and not upon the quantity consumed. Professor 

horold Rogers moved that the members of the various 
metropolitan constituencies be called upon to support the 
prayer of a petition to Parliament. The last resolution 
proposed that a deputation should wait on the City Corpo- 
ration, asking them to aid in promoting a Bill to deal 
satisfactorily with the re a oy water supply. This 
deputation has been received by the Common Council, and 
the subject left over for consideration. Other influential 
meetings have recently been held in the metropolis having 
the same objects in view. 
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For many years past large sums of money have been 
annually spent by the New York Harbour Commissioners 
in works having for their object the improvement of the 
North and East Rivers especially for the accommodation 
of the large amount of shipping which can lie alongside 
the wharves of the city. We publish above illustrations 
showing a type of wall extensively adopted in connexion 


with these works. This wall rests on a foundation of 
piles, the heads of which are cut off at a depth of about 
14 ft. above low water and filled between with broken 
stone and concrete to form a level platform ; the front of 
the piles is protected by a broken stoneapron. Upon the 
platform thus made are placed two courses of béton 
blocks, each 6 ft. thick, the total depth of the lower 
course being 17 ft., and that of the upper 12 ft. The 
face of this part of the wall has a batter of 2} in. to 
the foot. On the top of these blocks is built the upper 
part of the wall, consisting of a facing of granite backed 
with concrete; Figs.1 and 2 show the method in which 
the wall was constructed ; from these figures it will be 
seen that a staging of piles was built carrying a line of 
rails, on which the derrick with two iron vessels for carry- 
ing the concrete traversed. At the rear of the wall rows 


of piles were driven supporting a staging on which the 
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wagons went to and fro with the earth filling for the rear 
of the wall. 








FIRELESS LOCOMOTIVES. 
On Fireless Locomotives for Tramways.* 
By M. Lzon Franca, of is. 

ENGINEERS have yet to solve the problem of discovering 
the most suitable motive power for the purpose of traction 
on tramways. Its solution is the more important because 
it must also settle the question of the transport and utili- 
sation of steam in places where engines provided with fur- 
naces are inapplicable. Having made a particular study 
of engines ne for traction, the nuthor has been led to 
believe that the problem may be solved, in the case of 
tramways at least, by the use of a fireless engine, such as 
"Bis quiet opunrtundiont he working of tram 

e great expense involved in the worki ways, 
due first to the nature of the permanent way, and cccomiy, 
to the high cost of horse traction, has proved in many 
cases a serious bar to their success. If mechanical traction 
be used, it is necessary that the line be kept in better order 
than it is generally; and the excess of expense thus re- 
quired by the line must be made up by the greater economy 
in the motive power. is economy can only be attained 
by reductions in wages, in consumption of fuel, &c., in 
maintenance and renewal expenses of the road and rolling 
stock, and in the first cost of the mechanical — 

It is further essential, at least in towns, that the ques- 
tions of safety and health be taken into consideration. To 
arrive at that result it is necessary to avoid the use of 
ordinary engines subject to the chance of explosion, and to 
the t ing off of s The light of the fire must not 
be seen, and the cinders must not be scattered upon the 
highway. The noise occasioned by safety valves must be 
suppressed, as well as that produced by the blast. Lastly, 

—— of smoke, soot, or noxious gas must be done away 
with. 

In resolving the problem of traction under the conditions 
just established, the writer had recourse to the practical 


* Paper read before the Institution of Mechanical 
Engineers at Manchester. 








application of the following well-known physical principle : 
in a heated liquid the boiling point rises or falls according 
as the ure on its surface increases or diminishes. 
Hence it follows that if water is heated in a closed and 
strong vessel by means of a current of steam passing 
into it, that steam produces in the water an increasing 
pressure corresponding exactly with the temperature, while 
it is itself condensed ually to a corresponding 5 
This is the principle of the author’s fireless locomotive. 
Instead of renewing from time to time the su of water 
and coal, he renews the supply of steam, w is taken 
from stationary boilers, and into a reservoir of hot 
water upon the engine. When has re- 
ceived its due supply of steam, then, from the 
point of view of the mechanical theory of heat, ely ap a 
heat ing to the hig 
peratu the water may be extracted and utilised in 
the condition of the heat of steam. Through the injection 
of steam into the reservoir the water becomes throughout 
of a uniform temperature, whereas in earlier attempts to 
get ped water from a stationary boiler this result was never 
attain 


Description of the Engine.—Di land 2 t 
a fireless engine lately built at the Hunslet Engine Works, 
Leeds, and show both the standard wey adopted by the 
author after much experience, and also the latest improve- 
ments. It consists essentially of a large cylindrical reser- 
yoir A, with a dome A', an engine motion which is 
identical with that of ord locomotives. This comprises 
two cylinders B, with their rods and connecting rods, 
a crankshaft D, which carries the two driving wheels f, and. 
two other wheels E' which are coupled by outside rods with 
the wheels E. The reservoir A is capable of containing about 
400 gallons of water. This water is introduced cold into the 
apparatus, and is raised to a high temperature, before 
starting the engine, by the of stationary boilers 
capable of producing saturated steam under a of at 
15 atmospheres (220 lb. per square inch). Now if a 

* This engine was fully illustrated a few weeks ago 
i 4 October 1 








a two- ving, see ENGINERRING, A 
The reference in the present refer to 
these illustrations. 
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sufficient quantity of steam pass from the stationary boilers 
to the reservoir A, the cold water contained in this reservoir 
must clearly attain an equilibrium of temperature and 
pressure. Then, supposing that there is no loss of heat 
through the shell everything will remain in the same con- 
dition as long as no steam is withdrawn ; but if the steam 
is allowed to escape, and consequently the pressure on the 
surface of the water is diminished, the temperature will 
gradually fall, and at the same time steam will take the 
place of water to a corresponding extent. 

Steam is introduced to the reservoir from the boilers 
through the pipe G' (Fig. 1) by opening the screw valve G. 
It thus enters the pipe I, which passes through the mass of 
water and joins the horizontal pipe G*. This latter is closed 
at its two ends, but pierced along the top with a series of 

holes. The steam escapes through all these orifices, 
and brings the water of the reservoir into the required 
conditions of temperature and pressure. The apparatus 
for receiving steam from the reservoir and distributing 
it to the cylinders consists of a tube 6, inside the dome, 
the upper end of which is raised as high as possible, and is 
pie with openings for the passage of steam. This tube 
is bent horizontally, and connected with the reducing valve 
or steam expander. 

The reducing valve consists of a screw valve h, Figs. 6, 7, 
and 8, connected with the ler proper described below, 
the action of which is to deliver the steam to the cylinders 
at a determined and constant pressure, independently of the 
variable pressure in the reservoir. The expander is bolted 
by a flange to the dome A', and communicates with a large 
tube I, which, traversing the mass of water in the reser- 
voir, ends in a steam chest, containing a small slide 
valve which constitutes the starting valve or regulator. 

The internal pipe I, from its capacity, forms a 
chamber for the steam expanded by the apparatus H. This 
capacity is utilised in wing the heat of the reservoir to 
evaporate the small drops carried away by the steam, 
which is readily dried in this way, since the temperature of 
the reservoir is never below 266 deg. Fahr. 

The exhaust steam is utilised in an air condenser, formed 
. F closed cylinder J', traversed by more than 600 tubes, 
which are open at both ends, so that the air may pass 
freely through them from top to bottom. For this pur- 
pose the steam is led into a chest B', common to the two 
cylinders, whence a pipe, curved so as to pass round the 
reservoir, leads it to the condenser J'. There it spreads 
in the space round the tubes, to condense by their contact 
and sink in the form of water to the bottom, whence a small 
pipe j leads it to one of the two feed-water tanks K, placed 
under the platform of the frame. If the condensation is not 
complete, the little vapour remaining inside the condenser 
escapes through a dipping tube j' into the funnel, and 
thence into the ctmenglies without making any noise. 

The regulating parts of the apparatus are outside, and 
so arranged, by means of duplicate levers, as to be worked 
from either end of the locomotive. This allows the engine 
to run both ways without turning, while the driver is 
always in front of the train and can see the road that he 
has to cover. 

The details of the steam expander are shown in Figs. 6, 
7,and 8. The apparatus is composed of a brass valve box 
H, which contains the valve h, governed by a handwheel 
h' on its screwed shaft. This valve bux communicates with 
the pipe b (Fig. 1), by which the steam enters at the upper 
part of the dome A' ; and when the valve is open, the steam 

ses by the channel é into the space between the two 
aces of the double valve i', placed inside the casing. 
Above this valve @ is an opening from the casing to the 
steam chamber I (Fig. 1), where the steam expands. The 
double valve ¢' is connected at the bottom with a rod k, a 
rtion of which is enlarged and grooved, so as to form a 
ind of piston within the meee in which the casing H termi- 
nates. The rod kis attached at its lower end to a lever 
l, the fulcrum of which rests in lugs cast upon the bottom 
of the casing. The upper part of this same piece sup- 
ports a cylindrical box enclosing a spring, and forming 
& pressure regulator similar to those generally used in the 
ety valves of locomotives. Finally, the ‘lower and 
movable end of this spring terminates in a fork, between 
the arms of whith e the slightly curved lever l. 
This lever, as already bed, acts upon the rod k, to 
which the valve i' is attached, and in such a manner that 
the pull of the spring tends to keep this valve always raised 
above its two seats, 

Now suppose that the valve is oneeet, and the steam ad- 
mitted at igh pressure th: h the channel 7; this steam 
cee rte bee ae cpa H, since the spring keeps 
the valve «' raised, and from the upper part of H it enters 
the expanding chamber I (Fig. 1); but at the same time 
its pressure is exerted upon the piston k, and as this pres- 
sure overcomes the effort of the spring, the piston descends 
and immediately forces the valve +' down on its seat. No 
fresh steam can then enter, and that which has found its 
way into the chamber I expands, and then exerts its action 
on the pistons of the steam cylinders ; bat as soon as the 
pressure has been sufficiently lowered by this expansion, 
the effort of the spring predominates, the valve i' is again 
raised, another entry of high-pressure steam takes place, 
and the same éffects are reproduced. Hence during the 
working of the locomotive the talve i" perfdrms a series of 
of ike put which correspond almost exactiy with the strokes 
of the pistons. 

Now for various reasons, and particularly on account of 
the necessity of using greater power in ascending inclines, 
it is essential that the action of the spring should be fre- 
quently altered, and also that it should be adjusted accord- 
ing to the degree of expansion required. From the position 
of the spring L, and of the lever /, by the assistance of 
which it acts upon the K, it will be seen that the 
effort it exercises is multiplied to an extent which varies as 
the poiat of contact between the lever and the spring is at 
a greater or less distance from the fulcrum of the lever. 
It is by changing the position of this point of contact that 


the sy of expansion is varied; and this change is 
effected by displacing the spring case itself, thus forcing it 
to describe angles round its point of connexion at the upper 
part of the piece H'. The spring-case is ~ by means 
of a rod L', which is connected with a hand lever M? work- 
ing against a sector m ; this hand lever M? is used like that 
of an ordinary reversing lever, and in this way the point of 
contact of the spring can be brought to different points on 
the leverarm. It will be seen that when the point of con- 
tact is furthest from the fulcrum, the effect of the spring is 
at its maximum, and therefore the steam must reach 
maximum pressure, 102 lb. per square inch, before it can 
close the valve ; when the point of contact is nearest to 
the fulcrum the effect is at its minimum, and the steam will 
close the valve at a pressure of about 44lb. per square 
inch. This valve can be worked indifferently from either 
end of the engine; which is also the case with respect to 
the tor, the reversing mechanism, and the brakes. 

In the dome of the reservoir is fixed a diaphragm d 
(Fig. 1), of perforated sheet iron, which is used to stop the 
priming water. The reservoir is surrounded y an out- 
side casing, packed with felt, which prevents the loss of 
internal heat ; it carries a pressure gauge indicating on one 
side the pressure in the reservoir and on the other that of 
the expanded steam ; and also a gauge glass, or series of 
cocks, to ascertain the quantity of water contained in the 
reservoir before or after each trip. 

The coupling on of the cars can be effected at either end 
of the locomotive, by means of the draw-bars R', which are 
fitted with springs, capable of acting either in tension or 
compression, according as the engine pulls or pushes. 

The following are the saute pastiouiens of the engine 
just described, and also of the standard type of engine, 
now working in Paris. 





Paris | Leeds 
Engine. | Engine. 








Pressure in hot-water reservoir, pounds| 

per square inch ... &e om w.| 213 225 
Volume of water to be utilised, gallons | 396 400 
Number of tubes in the condenser | 603 950 
External diameter of tubes in thé con- 

denser, inches ... ad in on 
— cooling surface of tubes, square 
Weight of the engine alone, tons sa 
Weight of the engine when working, 


2 
<i 


ns rae eee pen 
Diameter of pistons, inches 
Stroke, inches ins = i ae 
Outside diameter of wheels, inches ...| 2' 
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If we take the minimum coefficient of adhesion to the 
rails as being one-seventh, the traction due to the weight 
of the machine will be 2710 lb. The traction of the tread 
= the wheels due to the cylinder pressure will be found to 


Pounds per 
sq. in. 
720 lb. with a pressure of om ove 20 
1260 * ts eo oe 70 
1880 a as oni — 
2300 * 130 


This class of engine has been designed for a line on 
which the return journey is made, under a pressure of 
about 40 lb. per square inch, on a level , or a road 
having only a slight ascent. In this case the weight of the 
train is 26 tons, with a tractive resistance of about 
17.62 lb. per ton. The speed that can be attained is 
124 miles per hour. Hence the additional power which 
can be obtained by regulating the expander, when required 
for ascents or other accidental circumstances, is only 
available while the pressure is still maintained above 40 lb. 
Engines built on the same principle, but destined for 
roads everywhere uneven, are differently arranged. The 
moshiners is then made capable of developing sufficient 
power and speed, even if an ascent is to be ne when the 
— of steam in the reservoir is just reaching its lowest 

int. 

Stationary Steam Generators.—The first boilers or 
steam erators established for feeding firel i 
were those on the steam tramway between Raueil and 
Marly le Roi (near Paris); they were of the tubular type, 
similar to locomotive boilers, and present no remarka 
features. They were specially designed by Messrs. Cail 
and Co., engineers, of Paris, and gave satisfactory results. 
But in point of fact all that is uired for this class of 
boiler is that they shall store.up a volume of water, 
shall not allow highly heated gases to escape up the 
chimney, shall be easily repaired while at work, and shall 
be easily reilld after. feeding an engine. 

The details of Cail’s boilers are the following : 


Total heating surface... sl sq. ft. 
Surface of firegrate ... 9.96 ,, 
Volume of water 100.48 cub. ft 
» Steam oss 7 YY ape 
Authorised pressure per square inch 242 Ib. 
Weight of steam generated per hour 1650 ,, 
> os per square feet of 
heating surface per hour ... 3 


At least three engines can be supplied per hour, the time 
required for one supply bei IS minnie with one boiler. 
The mean consumption of in 24 hours was at times, as 
it should be, under 20 cwt., counting 22 hours of regular 
working when the generators. are in good order. In 
eneral the consumption of fuel has been above 23 cwt. : 

t this consumption of coal is for the feeding of only three 
sees 5 Sen Beers and if would be poesibt @ to feed six. 
ials have proved that these boilers make at least 8 lb. 


absorb about 507 lb. of steam, the third 264]b. Takin 

the number of feeds at 33 per day, the total consumption o 
steam for one day is found to amount at the utmost to 
7 tons. This consumption of steam corresponds to a con- 
sumption of 17 cwt. of coal. There is refore about 
6 cwt. of fuel burnt uselessly. 

If, on the line from Rueil to Marly, six engines instead 
of three were fed every two hours, and if the mileage were 
similarly doubled, the total consumption of coal would 
only amount to 7.72 lb. per mile. ‘This amount is very 


the | much less than that consumed by ordinary locomotives 


drawing a train of the same gross weight, say 36 tons in- 
cluding the engine. 

For a public service it is advisable to have a reserve 
generator ; for that reason a preferable class of boilers are 
those which are divided into sections, each capable of 
being repaired without stopping the whole apparatus. 

Results of Working.—From the theory of the fireless 
locomotive, as given by M. Piarron de Montdésir, in his 
work ‘‘ Le Locomotive sans Foyer,’’ and by M. Lavoinne in 
the ‘‘ Annales des Ponts et Chaussées,’”’ it can be deduced 
that between the limiting pressures of 190 lb. and 40 lb., 
the theoretical work done for each pound of water used for 
traction is 179 foot-tons. On this point numerous tri 
have been made, first under the direction of the commis- 
sion nominated in 1876 by the Minister of Public Works, 
on the Paris Tramway running between the church of 
Saint Augustin and Neuilly, and subsequently by the 
writer on the Rueil and Marly le Roi line, with the follow- 
ing results. 

On the first of these lines the gross weight of the train 
was 11 tons 16cwt. at starting, and on the return trip 
11 tons 12 cwt. The length of each trip was 4687 yards, 
and the speed was from 7.5 to 9.3 miles per hour. The 
weight of water at starting was 1 ton 11 cwt. 2 qrs., and 
the steam pressure 143.8 lb. per square inch. On the 
retarn trip it was 70.5lb. per square inch. From the offi- 
cial report addressed to the Minister of Public Works, on 
July 16, 1876, it appears that the power actually utilised at 
starting was represented by 3592 foot-tons, and on the re- 
turn trip by 3031 foot-tons, while the theoretical power de- 
veloped was 5833 foot-tons on the outward, ard 4316 on 
the return journey. The ratio of useful work or efficiency 
can therefore be represented by 61.6 per cent. on the out- 
ward, and by 70.2 per cent. on the return journey, or by a 
mean value of 65.9 per cent., or two-thirds nearly. 

It must be remarked that the efficiency was less with the 
high than with the low pressures, and that no expander of 
steam was used; moreover, the steam was not superheated 
before reaching the cylinders. 

On the line from Rueil to Marly le Roi, the standard en- 
gine of 1877 drew, in 1878, a train of which the gross 
weight was 18 tons 8cwt. The pressure at starting was 
197 lb., and on the return journey 28lb. But in August, 
1879, under the same limits of pressure, and with a maxi- 
mum consumption of 4400 gallons of water, the same en- 
gine, which was no longer new, drew a train composed of 
the engine, weighing 8 tons 11 cwt., and four carriages, 
weighing 10 tons 16 cwt., and carrying a maximum number 
of travellers, weighing about 18 tons 14 cwt. ; total, 
36 tons 2ewt. The length of road, comprising both jour- 
neys, was 9.14 miles, partly level, and partly rising and 
failing. From the foregoing, adopting a coefficient of 
traction of 15.4 lb. per ton; taking into consideration the 
54 curves on the road, several of which have a radius of 
only 98 ft. ; taking note also of 30 stoppages at the different 
stations ; we deduce an effective power of 24,309 foot-tons. 
This figure is liable to rectification, but it cannot well be 
lessened | by lowering the coefficient of resistance to traction, 
which is the mean value for an edge rail line, laid beside a 
high road. Now the theoretical power of the steam con- 
tained in the 4406 lb. of water, using the coefficients given 
by experiments, would represent 28,548 foot-tons ; whence 
the difference between the theoretical and the actual effi- 
ciency is only 4240 foot-tons, or about 15 per cent., due to 
loss of heat, mechanical friction, &c. 

As it is impossible to believe that any motor only absorbs 
15 per cent. of its theoretical power, the author suggests 
that the theoretical efficiency should be taken higher than 
28,548 foot-tons, and that the excess must be due to the 
expansion of the steam, to its employment between the 
limits of three and four atmospheres, and to its previous 
superheating. It is certain that water carried off in a 
vesicular condition, after having been expanded and super- 
heated, no longer exercises any injurious action in the cy- 
linders ; drivers are perfectly aware of this, and seldom 
require to open the blow-off cock while travelling. 

‘The marked difference between the results obtained in 
1878 and 1879 is explained by the fact that engines, car- 
riages, and permanent way were no longer subject to the 
considerable friction to which all new stock is liable. On 
the other hand means had been meanwhile discovered of 
heating the mass cf water in the reservoir entirely and 
uniformly—a result that had not previously been attained. 
Economy of Working as compared with other Engines. 
— With respect to economy, the advantages of the fireless 
lecomotive are evident, and have been proved on the tram- 
way between Rueil and Marly. 

The fixed generators admit of the use of any kind of 
fuel, which is a great boon in certain countries. When 
working without interruption, the advantages they possess 
over the boilers of ordinary locomotives are that they 
generate a greater quantity of steam with the same amount 
of fuel ; that they obtain their fuel at a cheaper rate; and 
that they afford the opportunity of better superintendence 
over its use. 

The fireless locomotive is easily managed by any labourer ; 
the drivers are also more numerous than the men in charge 
of the boilers, whereas. with ordinary engines their 
numbers are equal.. It has thus a double advantage with 
to wages. But the principal economy is to be 
found in the reduction in the expenses of ir and main- 








of steam per pound of coal consumed. Two of the engines 





tenance of the line and rolling stock, which fall heavily 
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LIST OF MISCELLANEOUS BILLS PASSED IN THE SESSION OF 1879, IN WHICH NEW OR ADDITIONAL 
WORKS ARE PROPOSED TO BE EXECUTED. 











Pepeet Capital 
SuBsecT or BIL. mA 4. ines of Engineer or Surveyor. Solicitor. Parliamentary Agents. 
Bill. 
1. Aberdeen Harb 150,000 
. een Harbour ... _ om bs dhe “ W. Gord Martin and Leslie. 
2. Aire and Calder Navigation (Goole Gas and other Gate re on 
Lighting)... ... ase bat Pa ia 18,000 re oe Grahames, Wardlaw, & Currey. 
8. Ardmillan Reclamation exe is ose Owen March John Sandes. 
4. Ayr Harbour... ded 100,000 John Strain J. Pollock Grahames, Wardlaw, & Currey. 
5. Bann Navigation ... en on isa tee 36,000 Sir John Coode T. G. Carson m and Co. 
6. Bath Corporation... oe ; 28,000 Cotterell and Spackman J. Stone J. M. Clabon, 
7. Blackburn Improvement ... sds * a - 296,954 W. B. Bryan W. E. L. Gaine Tahourdins and Hargreaves 
8. Blackpool Extension and Improvement ... oa eee 311, T. Sunderland H. P. May Dyson and Co. 
9. Burnt Fen First District ... ea ee os =" 15,000 ai ode Archer and Son Dyson and Co. 
10. Cardiff Corporation ... ud 490,000 P? te George Salmon Dyson and Co. 
11. Chester Cemetery ... oF im a. 4,000 Roberts, Beckall, and Kirk Potts and Roberts Martin and Leslie. 
12. Clare Slob Land Reclamation Extension 98,000 A. D. Johnstone see nee W. Bell. 
13. Derby Improvement... a . eos ots T. Gadsby R. W. Cooper. 
14. Dublin Port and Docks Board 250,000 B. B. Stone H. T. Watson Dyson and Co. 
15. Dublin (South) City Market 100,000 R. Enened, V. B. Dillon and Co. Sherwood and Oo. 
16. Dun Drainage on saa 24,000 B. 8. Brundell Shirley, Atkinson, and Shirley Marriott and Jordan. | 
17. East and West India Dock... 750,000 Messrs. Vigers Freshfield and Williams Sherwood and Co. 
18. Eastbourne Local Board ... a ese eve A 110,200 Charles Tomes Coles and Carr Toogood and Ball. 
19. Frieston Shore Reclamation a sabe, takai 46,500 W. V. Sankey and 8S. W. O’Neill eve ee Best, Webb, and Co. 
20. Grand Junction Canal (Branch Canal to Slough) 80,000 Hubert Thomas sai aie Grahames, Wardlaw, & Currey, 
21. Leadenhall Market and Improvements ... di 99,000 Horace Jones C. H. Robarts Dyson and Co. 
22. Liverpool Lighting ... te ose “- ,000 ove a Jos. Rayner Sherwood and Co. 
23. Llandisilio Improvement Commissioners 8,500 H. Griffiths, Davies, and Dew G.. Norton. 
24. Llandudno Improvement ... re ooo 20,000 E. Cousins and T. J. Marks J. W. Hughes Wyatt and Hooker. 
25. London Bridge Approaches ove eve 75,000 H. Jones C. H. Robarts yson and Co, 
26. Maryport District and Harbour ... ‘ia 32,000 had J. — Son, -— Tyson and Hobson 8. H. Lewin, 
27, Millwall Dock de ee Ft Sices ove cco 120,000 ie ese Blunt, Tebbs, and Lawford J.C. Rees. 
28. Nelson Local Board... ... ss neste 44,000 Newton and Smith Hartly and Son Sherwood and Co. 
29. New River Company ‘ om oe ose 500,000 eee - Baxter and Co. J. C. Rees. 
30. Norwich Improvement ° 45,000 P. Marshall H. B. Miller 8 and Co. 
31. Nottingham Corporation ose 800,000 ove sie 8. G. Johnson G. Norton. 
82. Over Darwen Corporation ... 128,000 David Scholes C. Costeker Sherwood and Co. 
33. Pemberton Local Board ... oe 40,000 C. Heaton Peace and Bell Sharp and Co. 
34. Rawmarsh Local Board pod 19,000 Howard and Gould F. L. Harrop J. C. Rees. 
35. Rotherham Borough oe os oj om. ioe 130,000 J. Mansergh G. W. Hodgkinson Sherwood and Co, 
36. Sharpness New Docks and Gloucester and Birmingham ; 
Navigation Company ... oa oe te a 300,000 Wiltons and Riddiford W. Bell, 
37. Stratford-upon-Avon Curpenaitat and Local Board of 
Health... eons; Flea an am oon dee 20,000 o Hant‘and Lunn W. A. Loch. 
38. Thames and Severn Canal... jas ion sai eve 38,000 B. F. Watson Sherwood and Co. 
89. Tipton Local Board ... we pe eon ove ° Sanders, Smith, and Parish R. W. Cooper. 
40. Upper Mersey Navigation ... sat a és 10,000 R. B. M. L. Monk Martin and Leslie. 
41. Walton-on-the-Naze and Frinton Improvement (Marine . 
Wem MeN is | ge) Dla te) ge Nee 99,000 P. Braff Finney and Bruff W. Bell. 
42. Warrington Corporation See 25,000 on pie W. H. Brook Grahames, Wardlaw, and Co, 
43. West Kent Main Sewerage as pe 100,000 a ond May, Sykes, and Batten Sherwood and Co. 
44. Weymouth and Melcombe Regis Bridge 6,000 E. Matheson mi — Cc. 1 Dyson and Co. 
45. Wombwell Local Board 16,000 ve {re ee ee Sherwood and Co. 

















NotE.—The above list, together with those given on pages 161, 203, and 335 ante, include all the Bills, in which new or additional works are proposed to be executed, which 


received the Royal assent during the session of 1879. 


upon ordinary engines with firegrates and tubular boilers. 
The great strain to which tramway locomotives are sub- 
ject soon puts them out of use when that strain is assisted 
y the action of fire. Leakages frequently occur, and the 
losses in time and money are very great. On the other 
hand, the hot water reservoir has no definite limit to its 
duration ; and if it is properly le, and the joints are 
strong, no damage is possible. The ashes are no longer 
there, to injure by their corrosive action expensive me- 
chanical parts; and the whole mechanism is so 

as to be protected from the dust on the road. 

The company which worked the line between Rueil and 
Marly le Roi in 1878, stated in the report given to the 
shareholders that the expense of drawing a train of four 
carriages was 49 centimes per kilometre (7.8d. per mile) 
with fireless engines on Francq’s poco ; and 63 centimes 
per kilometre (10.1d. per mile) when ordinary fired engines 
were employed. 

It is be remarked that this amount of 7.8d. includes 
the wages of the stokers who accompanied the fireless 
engines, agreeably to the Government regulations under 
the existing law. It comprises the amounts paid for wages 
to engineers, assistant engineers, stokers and their as- 
sistants, inspectors, and cleaners ; for and various 
other items ; for the lighting of the engines and boilers ; 
for the salaries of the manager and clerks; and for the 
supply of water, general repairs, and renewal of engines 

, and generators. 

For town tramways, with a large number of engines fed 
from powerful stationary boilers, the economy would bein a 
direct ratio with the number of motors. The cost of traction 
would certainly be under 6jd. per mile. Generally it ma: 
be affirmed that the cost of traction by fireless engines wi 
always be under that of fired engines, if the engines start 
at least once every hour. 

Again, with engines worked by compressed air, it is 
obviously necessary to use air-co machi and 
reservoirs of air, worked by steam from stationary boilers ; 
the construction of air-engines is also complicated by the 





need of heating apparatus. To whatever degree of perfection 
the compressing machinery may be brought, the heat de- 
veloped in the process of compressing air must always 
be lost, as well as the work absorbed by the compressing ap- 
paratus, and the necessary heat to oppose the refrigerative 
effects of the air upon the locomotive ; hence the efficiency 
of the motor will be less, and it must therefore be con- 
structed on a larger and more expensive scale, and also be 
more costly in working. Again, although air-engines have 
the advantage of being man by one man, it is certain 
that they are not so simple in their construction or easy to 
keep in good order as fireless locomotives. In particular 
the great difficulty of keeping joints air-tight at high 
pressures is well known. Thus the only advantage which 
remains to the compressed air system is that of running 
without escape of steam. This may also be achieved in 
fireless engines by the condensation of steam ; but in tram- 
way engines the most important points are simplicity and 
pee ae | in the working ; and it has therefore been thought 
preferable to avoid the complications which result from the 
attempt to obtain at any price a complete and perfect con- 
densation of the steam. In fact, horses have already 
become familiarised with the eseape of steam, while it may 
be doubted if they will ever get accustomed to the sharp 
hissing of the — air. The fireless locomotive is 
practically silent ; this is a result that air engines cannot 
bm since the compressed air always escapes with con- 
e noise. 

Tosum up the advantages of the fireless locomotive : 
there is no longer any fear of explosions in the street, or of 
accidents to the boiler ; no red glimmer from the fire during 
the night; no burning cinders dropped on the roads; no 
cnata ah.iiee ap other accidents caused by the engine; no 
noise produced by the valves, blow-off cocks, or blast; 
no smoke, soot, or di le smell of burnt gases; no 
stop resulting from the burning-out of fire-bars, 
crucking of plates, of tubes, or other causes. — 

To all these advantages may be added that which is the 
most important of all, y, the economy which can be 


realised by the fireless locomotive, compared with the ordi- 
nary steam engine, and with the compressed air system. 
(To be continued.) 





FOREIGN AND COLONIAL NOTES, 
Canadian Pacific Railway.—Mr. Smelloe (acting chief 
engineer) and Mr. Ryan (contractor) have returned from a 
preliminary inspection as far as Portage la Prairie of the 
prsonset route of the Canadian Pacific Railway, 100 miles 
rom Winnipeg. It is understood that orders have arrived 
from Ottawa to commence work immediately. 


American Steam Nawigation.—A new line of steamers 
to ply between New York and Barrow-in-Furness will 
ly be established in connexion with the Anchor Line. 

The project has been in contemplation for several years. 
It is thought that the steamers will reach Barrow 
Farness in about the same time as semen sertce Sacer 
reac port, waiting for a suitable ‘ new line 
merchan to a point where it can be more 


The Isthmus of Tehauntepec.—Recent advises from 
Mexico announce that work has begun on a new railway 
across the isthmus of Tehauntepec, starting from the 
mouth of the Coatzacoalcos river, 110 miles south-east from 
Vera Cruz, and ex’ to the inland lake on the Pacific 
coast, called Se . The length of the main 
line will be nearly 1 A concession of the line was 
made by the Mexico in June, 1879, to Mr. 

Learned, of Pittsfield, Massachusetts. The right 
Fn fing pew ag oh ne 

gives a strip of unoceupi 

for the line of the road, 
and in half of the i blic lands 
which may be f. within one league 
the railroad. To aid in the constraction of these improve- 
ments the Mexican Government, in addition to other stipu- 
lations, binds itself to give to the company a subsidy of 
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to grant a subsidy to any other enterprise of a similar 
character on the same line for a period of twenty years, 
albeces the right is reserved to authorise the construction 
of a 


Inspection of American Steamers.—The secretary of the 
United States Treasury has issued a circular affirming the 
decision of the solicitor of the Treasury to the effect that 
assistant inspectors of steam vessels are incompetent, under 
the steamboat law, to sign certificates of inspection; and 
they are notified that the practice of doing so, heretofore in 
vogue under the authority of a Department Circular of April 
5, 1872, must be at once discontinued. All certificates 
of inspection issued hereafter must be signed by the local 
inspectors, except when instr.ctions are made by the — 
vising inspectors, when such certificates must be signed by 
those officers. 


French Canals.—The extension of the present canal 
system is exciting much attention in France, both from the 
necessity of increasing the facilities for 
internal communication the large outlay (about 
$7,000,0001.) which the new works will involve. The 
— = existing in France vy Ane 3000 _ in 
length, and among the on the tapis are the con- 
straction of a aan fron the Oise to the Aisne, the canalisa- 
tion of the rivers Eugre, Searpe, Authie, Cauche, Ternoise, 
Clarence, Liane, Upper Lys, and Upper Aa; the connexion 
of the U, Scarpe with the Authie. of the Cauche with 
the Ternoise, and Clarence, and of the Liane with either the 
Upper Lys or the bk 5 Aa. A direct water-way from 
the Nord to Paris Rouen will be of great benefit to the 
industries of Northern France, and it is proposed to obtain 
this by a canal which will leave the Deule near Courriéres, 
e by Lens, Arras, ame, Peronne, to join the 
ise at Noyon. This would shorten the present route from 
Dunkirk, Lille, and the coalfield of the Pas-de-Calais to 
Paris by more than 30 miles, and would represent on coal 
a saving of 10d. per ton. By making ¢his connexion be- 
the Deule, the the Somme, and the Oise, an im- 
portant link would be completed in the great interior water- 
way between Calais and Dunkirk to Marseilles. 


The Danube.—As matters stand at present, all steamers 
mast 6 at Bazias, load their freight upon smaller 
boats, w take it down the river, where steamers 
convey it farther. Only during a few summer months, 
when the water is very high, can they pass down the whole 
Danube with their freight. There is always a large number 
of ships collected at points where the freight must be 


unloaded. The condition of the Danube is still worse for a 
and Ginyd. = 





distance of 70 miles between Pressburg 
having been regulated at all in this place, the Danube 


of large and small islands, so that the stream sometimes 
measures a breadth of five English miles. Of course all 
these arms are very shallow, and the passenger steamers 
can ¥ seldom pass them, so that small steamers are 
stopped on their road, and cannot go beyond Bazias on 
one side, and Ginyé on the other. A tug, with eight boats 
in tow, requiring a depth of 5 ft. at least, arrives at 
Gény5, where there are but 3 ft. of water. It must unload 
a part of the freight, and sometimes all, on lighters, which 
must be conveyed tely past these 70 miles, for which 
purpose the tug must make the voyage sixteen times in- 
stead of once. This alone annually costs the Danube 
Navigation Company 100,0001. Landowners in these dis- 
tricts also suffer much damage, for when the water is ex- 
ceedingly high it forms new arms, and the farmers are 
obliged to cross the water with their oxen and agricultural 
implements to be able to attend to their fields. 


Bessemer Steel Blooms.—The American Iron and Steel 
Association reports: ‘‘The extraordinary and wholly un- 
expected demand for steel rails for prompt delivery is to be 
met in part oy a novel expedient. An experimental im- 
portation of 10 tons of Bessemer steel blooms has been 
made by a Philadelphia house for an iron rolling mill in 
Eastern Pennsylvania. It is the intention to roll these 
blooms into rails, and it is supposed that rails thus manu- 
factured will be as eagerly sought after as those made from 
American blooms. The small importation was made not 
to test the capacity of our rolling mills to satisfactorily 
manipulate the blooms, but to make a case for the Treasury 
officials which would settle the question of duty, and thus 
demonstrate the practicability of rolling s rails here 
from English blooms at a it. Judge French, assistant 
perc nary Ay the Treasury, has decided that the blooms are 
su a duty of 45 per cent. ad valorem, as manu- 
factures of steel not otherwise provided for, and this duty 
will permit of their importation at a profit. We expect to 
hear of considerable importations being made.”’ 

Death of General Winton.—The death is announced of 
General Francis Winton, a prominent mining engineer, 


who has done much of late in bringing into notice 
the mineral resources of jorado, and no of Lead- 
ville, where he died at the of forty-seven. He entered 


Westpoint as a cadet in 1851, and graduated in 1856 ; but 
resigning his commission, he commenced his studies asa 
mining at the Ecole des Mines, Paris, graduating 
in 1860. He entered the United States army at the out- 
break of the great Civil War, and continued in active ser- 
vice until he was ly wounded at Fredericksburg. He 
then devoted himself to his profession, as a mining engi- 
neer, and from 1864 to 1877 was Professor of Mining En- 
gineering at the Columbia School of Mines. He resigned 
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rapidly gained a wide reputation as an expert. 

The Suez Canal.—In 1870, the number of vessels which 
passed through the Suez Canal was 486, and the transit 
revenue collected was 206,3601. In 1873, the number of 
ships which passed through the canal was 1173, and the 
transit revenue rose to 915,8801. In 1877, the number of 
ships which passed through the canal was 1663, and the 
transit revenue further increased to 1,310,9601. In 1878, 
however, the number of ships passing through the canal 
declined to 1593, and the transit revenue receded to 
1,243,9201. English traffic fell off last year 2} per cent. ; 
German, 45 percent. ; Danish, 53 per cent. ; and Egyptian, 
47 per cent. On the other hand, trade under the French, 
Spanish, Portuguese, and American flags slightly increased 
last year. 

American Steam Navigation. — Another steamship, 
named the Alvo, has been added to the Atlas Line, whose 
fleet plies between New York and a number of the West 
Indian por‘s. The new steamer has arrived from Liver- 

, and will sail in a few days for Colon, stopping at 
Hayti, Columbia, Greytown, and Port Limon. She is 
ilt of iron, is brigantine-rigged, and her dimensions are 
290 ft. in length, 34 ft. breadth of beam, and 24ft. depth 
of hold. Her engines are compound, and improved 
ments for the ventilation of the hold, when the cargo consists 
of fruit, have been added to the Alvo. There are several 
metallic lifeboats hanging from the davits, and two large 
launches for harbour use, named the Dos and Una, are 
secured near the stern. Another steamer, which will be 
called the Athos, is now being built for the same line 
- og shipyard of Messrs. Atkin and Mansell, on the 
lyde. 


New Zealand Railways.—At the close of June, 1879, 
New Zealand had 1140 miles of railway open for traffic. 
The total receipts for the twelve months ending June 30, 
1879, were 758,0961., while the expenditure was 545,4781., 
leaving a credit balance of 212,6181. The working ex- 
penditure was equal to 71.95 per cent. of the traffic 
receipts. 

_ New German Canal.—The German Admiralty is occupy- 

ing itself at — with some preliminary works in con- 

nexion with the construction of a canal from the Ems to 

the Jade. It is claimed for this canal that it will bea 

Sa — communication sheltered from any possible 
jockade. 


Mezican Railways.—There are now 321} miles of rail- 
way in operation in Mexico. At the same date there were 
24% miles of line in course of construction. The lines thus 
on hand extend from Vera Cruz to Medellin, and from 
Mexico to Toluca. 
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ARCTIC METEOROLOGY. 

In this, the second notice* of Arctic Meteorology, 
we shall cull the salient features of the climate of 
the localities for which observations have been dis- 
cussed in ‘‘ Contributions, Part I,” 

York Factory is situated on a low point of land 
between Hayes and Nelson rivers, on Hudson’s 
Bay, in latitude 57 deg., and geographically cannot 
be considered in the Arctic Region, though its climate 
is decidedly arctic, The subsoil is generally frozen, 
and retains a great deal of surface water. Bright 
summer days though long are few, but during a 
favourable season the ground thaws to a depth of 
about four feet. The ungenial condition of the 
soil is attributed to its neighbourhood to the sea, 
which even in August is encumbered with masses of 
ice. Henry Ellis, the author of ‘‘A Voyage to 
Hudson’s Bay by the ‘Dobs’ and California, 
1746-7,” states : 

‘* As November set in with keen frosts, so they continued 
through the whole of that month, without any other 
alteration than freezing with more or less severity, as the 
wind changed. When the wind was westerly or southerly, 
the cold was very supportable, but as it changed to the 
north-west or north it became immediately excessively keen, 
and often attended with a sort of snow, no larger than so 
many grains of sand, which drifted with the wind in clouds, 
from every plain or flat place that lay exposed to it. 

‘The air of this country is never, or at least is very 
seldom, clear. In the spring and fall of the year there are 
heavy wet fogs ; and in the winter, the air is full of an infi- 
nite number of icy spicula, that are visible to the naked eye, 
especially if the wind be northerly or easterly, and the 
frost severe ; and the reason of it is this, rs Red the 
water is clear of ice in the winter, there arises a very thick 
vapour, commonly called frost smoke; this vapour freez- 
ing is driven by the wind in the form we see it. All the 
beginning of the winter Port Nelson river was unfroze in 
the stream ; this lying to the northward of us, the wind 
brought with it 


blowing from that point constantl 
ppeared when it 


showers of these icy particles, which 
was froze. 

**Hence also frequent mock suns and haloes about the 
moon and sun, very luminous and beautifully tinged with 
all the various colours of the rainbow, are very common. 
Six of these parhelia, or mock suns, I have seen at one 
time, which to us was very surprising. The true sun also 
rises and sets there with a large cone of yellow light, 
perpendicular to it; and no sooner does it disappear t 
the aurora borealis spreads a thousand different lights and 
colours over the whole concave of the sky, with so 
resplendent a beauty that even the full moon does not 
efface their lustre.” 

The Arctic explorer, Dr. Rae, wintered at York 
Factory in 1845-6, and found the temperature to 
range from minus 43 deg. in February to 46 deg. at 
the end of April, and the prevalent winds to be 
from the north-west. The depth of the snow 
which fell amounted in November to 9.5 in., Decem- 
ber 1.75 in., January 20.5 in., February 4 in., March 
35 in., April 15 in, ‘The least snow fell when the wind 
was most westerly. The winds of March were the 
strongest, those of December the weakest, the latter 
month having a low mean temperature of minus 
12 deg., with clear weather for the most part. He 
noticed frequent haloes, parhelia, and aurora. 

Dr. Rae has also furnished the observations for 
Fort Confidence, on Great Bear Lake, for October, 
1850, to May, 1851. The memoir summarises the 
weather as follows: 

‘*The easterly wind was the most prevalent, but espe- 
cially so from October to December. Calms and light 
variable winds characterise the winter, December to April 
inclusive, with occasional strong winds raising formidable 
snow drifts. The mean daily range of temperature was 
very small in November, December, and January, and very 
large in February, March, and April. The monthly range 
of temperature was 51 deg. in October and 74 deg. in April. 
The climate is arctic and continental, subject to sudden and 
great changes of temperature; the highest reading was 
47 deg. in May, and the lowest —72 deg. in January, one of 
the lowest temperatures onrecord. The conditions favour- 
able to very low temperature are, as usual, clear sky and 
calm or light wind.’ 

Dr. Rae remarks, “I observe that the breath 
makes an audible rustling sound when the tempera- 
ture has fallen below minus 45 deg.” The lake 
began to thaw in the latter part of April, and snow 
birds, gulls, and geese arrived in May. 

As Dr, Rae was also the observer at Repulse Bay 
we will take that station next in order, He win- 
tered there twice, in 1846-7 and in 1853-4, making 
observations during every month except August, so 
that we have nearly two years’ data for this place, 
which is in lat, 66 deg. 32 min, N., long. 86 deg. 
56 min. W. The coldest part of the year is January 
and February, minus 30 deg., the warmest July, 
40 deg. Haze or mist was frequent in the winter, 
but foggy weather was most remarked in summer, 
The memoir gives the following popular results 
derived from the two series of observations : 





to sont , Snow, or rain, except in the short 
summer, when oy appear to depend on fine clear weather. 
The lowest monthly temperatures were all accompani 
a and clear weather ; but it is pro- 
bable that they 

mer. The lowest temperature record: 


r, giving an extreme 
Yominant wind. ¢ hout the year appears to be N., 
N.N.W., or N.W., and, unless the force has béen over- 
estimated, the mean force is exceptionally high, reaching 
6 of Beaufort’s scale, or a vo 4 wind. Counting the 
number of times that force 8 and upwards was recorded 
among the whole of the observations here discussed, be- 
inning with 1846, September had 14, October 24, November 
6. December 18, a 27, Feb 1, March 23, 
April. 2, May 5, June 19, July 17; and beginning with 
1853, September 12, October 20, November 3, December 
22, January 13, February 8, March 20, April 13, May 21, 
June 10, July 19. Snowdrift may be considered as having 
occurred whenever the wind reached force 6 and upward, 
so as to be noteworthy, and registered accordingly, from 
October to March inclusive; in September, April, and 
May it was much less troublesome; and, of course, there 
was none in June and July. 
“‘The highest barometer readings seem to accompany 
clear weather, light winds, with usually low tempera- 
tures; the lowest, thick weather, high winds, and tem- 
peratures higher than the average. In March 30.74 in. was 
tr an in June 29.20 in.; giving a range of pressure 
0! . in. 
In February the ice in the bay was 7 ft. thick. 
Pools of water form in May, and geese, gulls, and 
other birds arrive. Plenty of salmon were ob- 
tained in the summer ; deer also abound. 
At Julianeshaab the observations are for too short 
a period to admit of any general deductions. 
For Batty Bay only the results of the air tem- 
perature observed four times daily on board the 
Prince Albert in 1851-2, September to April, are 
given. They show the low temperature of minus 
46 deg. in March, the mean of that month being 
only minus 18 deg. 

For Frederikshaab in West Greenland, four years’ 
observations have been discussed, from the register 
of Mr. Barfoed. The highest readings of the baro- 
meter occurred generally with northerly winds and 
fine weather, and the lowest with southerly winds and 
foul weather. The highest temperatures took place 
for the most part with southerly winds, the S.E. 
especially giving high thermometrical readings ; the 
lowest with northerly winds and clear weather. 
Mist and fog are most prevalent in the summer, 
The barometer is lowest in February, and highest in 
May, and during December, January, and February 
it averages about four-tenths of an inch less than 
during May, June, and July. The range of the 
column is largest in winter and smallest in summer. 
The coldest month is January, mean 14 deg. ; the 
warmest July, 43.6 deg. The monthly range of 
temperature is about 30 deg. during the warmer 


60 deg. in each of the other six months, or the 
colder portion. The sky is clearest in March and 
October. Aqueous precipitation is most frequent in 
January, least in August, but there is then the most 
fog or mist. The large range of the thermometer 
in winter is due to the warmth brought by the oc- 
casional S.E. wind, known as the Greenland Foéhn, 
while the clearness of the air favours great terres- 
trial radiation during this part of the year. The 
S.E. winds blow more frequently in the colder than 
in the warmer months, ‘They are generally gales ; 
nevertheless, calms are also more frequent in the 
winter. The Danish meteorologist, Hoffmeyer, has 
investigated the fohn, and his explanation of this 
peculiar phenomenon has been incorporated in a 
condensed form in the memoir. It may be here 
remarked that Sir G. Nares traced its influence even 
to the winter quarters of the Alert and Discovery. 
Owing to the interesting character of this subject, 
we quote at length from the memoir : 


the Arctic Regions, and particularly of West Greenland, is 
the great variability of 
the year. Sudden changes from the severest cold to fresh 
weather, and vice versd, often occur several times in the 
same month. These sudden rises of temperature almost 
always stand in connexion with a veering of the wind to 
S.E. and E. The temperature rises with the wind blowing 


covered with eternal snow and ice. Evi continent in 
high latitudes must necessarily, from the radiation of heat, 
be colder in its interior than at the coast, where the sea 
makes the latitude milder. 
‘* Greenland lies between regions where, especially in 
winter, the ——— is exceedingly different. To the 
W. and S.W. there occurs at this season of the year in 
Archigelegs os amet 0 allel Gonpeaniens, thet, the mes 
so great a perature, © mean 
temperature of from about —5 deg. Fahr 


epend on overcast rainy weather in sum- | of Greenland must necessarily be in a high 


ied was — 50 deg. in. | dent on the proveting. direction of the wind a’ - 
February 1854, the highest 58.5 fon, July the same | ticular period ; all winds from 8. by W. to N.E. ny bole 
of 108.5 deg. The pre-| comparative cold, but E. and 8.E. winds, on the con 


part of the year, May to October, and may reach | (tep 


“One of the chief peculiarities of the meteorology of | is a work of time, and the 


* The highest monthly temperatures seem to be related | the Gulf Stream, even in mid-winter, maintains the tem- 


ture in the Atlantic at from 0 deg. to 9 deg. Fahr., so 
i ths cepectiomnbenh ar aan com ag Boner 


ee Se ee t. ing be- 
een such opposite vattelien of temntetbare, tin clients 


heat, and this ought specially to hold good of the S.H. 
wind, both because it comes from the warmest part of the 
neighbouring Atlantic Ocean, and also because it has the 
shortest way to travel over the ice deserts of the interior 
to reach the western coast. The character of the winter 
in Greenland will therefore depend on whether the 8. or 
the E. wind has prevailed during the course of it. 

** The S.E, wind in Greenland a; always to be very 
dry; the snow melts away from the low country without 
any running water being visible. As the 8.E. wind from 
the ocean rises over the high land, its air expands. The 
expansion is accompanied by a consumption of heat, so 
that the air is cooled about 1 deg. Fahr. for every 200 ft. 
it rises, provided the cooling does not lower the tempera- 
ture below the degree at which the air can contain its 
watery vapour; but if the dew point be reached, the 
vapour passes into cloud, rain, or snow, the latent heat 
is set free, and the a, proceeds much more slowly, at 
the rate of about a 4 deg. Fahr. for every 200 ft. 

** When this wind descends towards the western Fiords, 
its air is compressed, and consequently heated. Its tem- 
perature will rise, and moisture assume more and more the 
state of vapour. The aang, Sees the descent will be 
1 deg. Fahr. for every 200 ft. ving out of consideration 
the cooling by radiation and contact with mountain masses, 
the S.E. wind will be lowered about a} deg. for every 200 ft. 
ascent, and raised 1 deg. for every 200 ft. descent, having 
more moisture in the ascent than in the descent. 

‘**In connexion with this subject it may be of interest to 
quote the following passages from Sir John Richardson’s 
work on the Polar ions. 

** Baron Wrangell, in treating of the winds of the 
Kolyma district in ic Siberia, says that the N. wind 
is seldom fresh or of long continuance ; it is more frequent 
in summer, when it bri cold, than in winter, when it 
often brings mist and milder weather. The N.E. wind, or 
more often the E.N.E. wind, is seldom of long continuance 
or violent. It usually clears the atmosphere from mist 
and causes the thermometer to rise in summer and to fa 
in winter. The 8.E. wind drives away mist, and may be 
regarded as the prevailing wind in autumn and winter. 
There is a remarkable phenomenon called the teplot weter 
(the warm wind), which occurs sometimes in the middle of 
winter ; it begins suddenly when the = is quite clear, 
with the wind blowing from the 8.E. by 8. or SE. by E., 
and causes the temperature to rise from —24 deg., or even 
—47 deg. to +32 deg. or +35 deg. Fahr., the barometer 
heee in the preceding eight hours sunk four-tenths of an 
inch. 

‘* The 8.8.E. winds do not influence either the barometer 
or thermometer. S. winds seldom blow with much force. 
The §.W. wind influences the temperature in summer 
little, but in winter it is the most piercing of all winds and 
is called by the natives schalonik. e W.and N.W. 
winds prevail on the general average of the year; in 
winter the S.E. prevails, in summer the N.W.; this latter 
wind blowing often in summer also; it is a cold wind in 
summer, and in winter brings snow and bad weather. 

‘*In Arctic America, the phenomenon of warm winds 
lot weter of Wrangell) also occurs, and makes the 
month in which they happen, whether December, January, 
or February, warmer than the other two.” 

In this official publication, it is evident that there 
is an effort to invite popular attention and to give 
information which will be intelligible to ordinary 
readers, while furnishing the formulated and tabu- 
lated methodical results, which are, of course, of 
primary importance. These results must await 
time and opportunity to fall into their proper places 
in the general schemes of meteorology and clima- 
tology. They are ready to hand for the purposes of 
meteorologists, geograp! ers, and students of physical 
science generally. ‘They constitute the material 
from which the isobars, isotherms, and wind and 
weather charts must be corrected and rendered more 
perfect, so that the general meteorological conditions 
of the globe may be known in all parts, and for 
every month at least. As such results are the out- 
come of elaborate statistical methods and calcula- 
tions, the exhaustion of a large number of journals 
eteorological Council 
have done well to publish them in parts, so as to 


temperature in the cold part of | give the earliest possible scope for their utility. As 


to the practical every-day value of such a publica- 
tion, it must be conceded to be limited, for the 
Polar Regions are without commerce. It will be 
valuable, however, to the navigators cf whaling and 


from the high land in the interior of Greenland, which is | sealing ships, and to the chief factors of the Hud- 


sdn’s Bay Company. Further, to realise its value, 
it is only necessary to consider what a flood of light 
such information would have given our Arctic tra- 
vellers and voyagers as to the climates they were 
about to encounter, could they have been furnished 
with it at their outset, Experience is the guide of 
life, and no one would be wise to venture where 
others have been before without inquiring into their 
reports of the climate before all other matters, 








* See ENGINEERING, vol. xxvii., page 475. 
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to —30 deg. Fabr. ; to the E. and §.E., on the contrary, 
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LIGHTING BY ELECTRICITY.—No. VI. 


One of the most interesting and remarkable 
machines for the induction of electric currents is 
the magneto-electric machine of M. de Meritens, 
which we illustrate on the present page. This 
apparatus is interesting because it embodies and 
combines in its construction the principle of action 
of the early magneto-electric machines of Clarke 
and Holmes with that of the modern dynamo-electric 
machines of Gramme and Brush ; and it is a remark- 
able machine on account of its very high efficiency 
as an apparatus for the conversion of motive power 
into electricity by induction from a magnetic field 
produced by permanent magnets, and on this 
account it je Mt ~ alone among all magneto-electric 
machines as being able with some indications of 
success to hold its own for producing the electric 
light in a field which is otherwise monopolised by 
dynamo-electric generators. 

The distinctive feature of the De Meritens machine 
lies inthe construction of its rotating armature which, 
like the Gramme armature, is in the form of a ring, 
and wound in a similar way, but it differs from it in 
being made up of a number of segments, each con- 
stituting a separate arc-shaped electro-magnet with 
expanded poles, which are joined end to end with a 
thickness of insulating material between them, so as 
to form a continuous ring. It may for the sake of illus. 
tration be looked upon as a Gramme armature cut 
up intoa number of short lengths and built up again 
into a ring, but each length being magnetically insu- 
lated from the other. ‘This ring forms the periphery 
of a wheel, which is mounted on a on deers spindle, 
and is thereby rotated in a vertical plane within a 
crown of compound horseshoe permanent magnets, 
and just underneath their polar ends, the distances of 
which from one another are equal to the lengths of the 
armature segments, which is the same as the pitch of 
their poles around the ring ; and the armature coils, 
although all wound in the same direction, are so con- 
nected up that while the current sent into the ex- 
ternal circuit of the machine is alternating in direc- 
tion, the currents generated in the several parts of 
the armature are at any one moment all of the same 
sign, and therefore in no way tend to neutralise one 
another, 

ilu the machines as actually constructed, the 
magnetic crown or battery consists of eight horse- 
shoe vy EY permanent magnets, arranged as 
shown in Fig. 1, and of the construction figured in 
detail at E, Fig. 2. These magnets are rigidly 
attached to two circular frames of brass firmly bolted 
to the base-plate, and within the crown so formed 
the armature or induction wheel is caused to revolve 
on a horizontal spindle, and its electro-magnetic 
inductors are so arranged that their poles in their 
revolution pass in succession as close as possible to 
the magnet poles without actually touching them. 
‘The cores of the induction helices (see Fig. 2) do not 
consist of a solid mass of iron, but are composed of a 
large number of thin laming punched out of sheet- 
iron one millimetre in thickness, and laid flat one 
upon the other, until a sufficient thickness is obtained. 
In the machine shown at the Albert Hall Exhibition 
there were as many as fifty plates or lamine 
composing each segment of the armature ring. The 
advantages of this form of construction are two- 
fold; first, the laminated character of the armature 
cores assists their rapid magnetisation and demagne- 
tisation, breaking up and otherwise preventing cross 
currents by which their magnetic capacity is reduced ; 
and second,: the nge up of the cores by means 
of superposed plates of the shape of its longitudinal 
section offers great facilities for construction. While 
each segment of the ring is thus built up the ring 
itself is, as we have before pointed out, also com- 
pound, as will be seen by reference to Fig. 2. The 
segments after having been wound with insulated 
wire are arranged end to end around a brass wheel, 
with strips of copper between them, so as to break 
up the magnetic continuity of the ring, making each 
segment a complete and separate magnetic induc- 
tor, and they are firmly held in their places and 
together by a bolt passing through each joint, 
which is tightened up by a nut, as is shown on 
the diagram. The advantages of this method 
of construction are obvious to any one who can 
appreciate the slow and inconvenient process of 
winding a Gramme ring, which being a continuous 
circle can only be covered with wire by hand, 
the spool containing the wire to be wound having 
to be passed over and back through the ring 
for each convolution of the wire. By making the 
ring in segments, however, no such tediousness is 








experienced, for each piece can be put in a lathe and 
wound as an ordinary coil, and when so wound all 
can be joined up together with insulating pieces 
between them—a method of construction possessing 
especial advantages both electrically and construc- 
tively. 

The action of the apparatus can best be understood 
by imagining an extremely simple case of a machine 
(illustrated in the diagram, Fig. 3), having an arma- 
ture ring built up of only four segments, one of 
which is shown in section marked A B, and revolv- 
ing within the magnetic field of two horseshoe 
magnets, N S, N S, placed with their poles at equal 
distances around the ring and so disposed that any 


point in the ring will during its revolution pass 
them in succession, assuming thereby alternately 
north and south polarity. 

The expansion of the poles A and B, so as to 
become flush with the exterior surface of the fully 
wound coil, besides facilitating the operation of 
winding, plays a still more important part, and it is 
to this that a great proportion of the high efficiency 
of the machine must be attributed. By this con- 
struction, which is also taken advantage of in the 
very beautiful dynamo-electric machine of Mr. 
Brush, the iron of the cores of the several segments 
of the ring is brought at its polar extremities into 
very close approximation to the inducing magnets 
N S in its passage beneath them, and it is for that 
reason in the best possible condition for being in- 
fluenced in passing through their magnetic field. 

The action of the machine illustrates, perhaps 
more clearly than any other apparatus, the principle 
of that group of phenomena which is known as Lenz’s 
law.* ‘Thus, supposing the armature to be rotating 
in the direction ot the hands of a watch, the pole 
piece A approaching the north pole N of the per- 
manent magnet will cause an electric current to be 
induced in the coil A B in a certain direction, while 
the opposite pole piece B will, in receding from the 
same magnet pole N, cause the induction of a current 
in the coil A B, in the same direction as is produced 
by the approach of the pole piece A ; the two effects 
are, therefore, superposed or rather added together, 
and at the same time the current is still further in- 
creased by the convolutions of the coil of the same 
core passing from left to right through the magaetic 
field of the magnet N. As the coils of all the 
segments are wound in the same direction, it follows 
that the next segment which passes below a south 
pole at the same moment as the segment A B is 

ing below a north pole, will have induced in its 
elix a current of electricity in the reverse direction 





* See ENGINEERING, page 173, ante. 


to that developed in AB, which would be 

to that current, and would, therefore, neu it, 
were it not for the fact that the successive coils are 
connected together in the manner shown in the 
diagram, Fig. 4, that is to say, the outside end of 
one helix is connected to the outside end of the coil 
which is in front of it, while its inside end is con- 
nected to the inside end of the coil which is behind 
it, from which construction it follows, as will be seen 
in the diagram, that although the currents induced 
in any two contiguous helices are opposite to one 
another in direction, the several helices are so con- 
nected together that the alternating currents trans- 
mitted into the external circuit by each of the coils 
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are all at any one moment in the same direction, in 
other words, they are all, so to speak, either pulling or 
pushing together. The two ends of the entire circuit 
of all the electro-magnetic helices (which is not, as in 
the armatures of Gramme, Siemens, and Wallace- 
Farmer), closed within the machine, are connected 
respectively to two disc wheels of copper attached 
to the axis of the machine and suvditine with it, 
but insulated from one another, and upon these 
wheels stout copper collectors or rubbers are main- 
tained with a certain frictional pressure, and are 
‘connected to the two terminal screws of the ma- 
chine. By this arrangement all commutators are 
dispensed with, and the construction of the appa- 
ratus is thereby much simplified. By variations in 
the method of coupling up the helices of the arma- 
ture they may be connected in series, or more or 
less in parallel circuit, or may be grouped in com- 
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COAL SHIPPING MACHINERY. 


DESIGNED BY MR. GRAHAM SMITH, ENGINEER, LONDON. 












binations of the two, and by this means the character 
of the current generated by the machine may be 
determined for the werk to which it is intended to 
be applied. 

The inventor states, and his statement is backed 
up by the Comte du Moncel, that by this machine 
as many as three Jablochkoff candles can be main- 
tained burning steadily with an expenditure of motive 
power of not more than one horse power, and with- 
out appreciably heating its armature or its coils 
when running at a speed of 700 revolutions per 
minute, but there does not appear to have been 
any photometric measurement taken by which the 
luminous intensity of the candles so illuminated 
may be compared with the light emitted by the 
same candles illuminated with the Jablochkoff 
system. M. de Meritens has, however, invented a 
candle of bis own, which differs from the ordinary 
Jablochkoff bougie only in having a thinner carbon 
pencil placed between the other two, from which it 
is insulated in much the same way as in M. Jabloch- 
koff’s arrangement. The two outer carbons are 
connected to the machine, and the arc passes be- 
tween them, the intermediate carbon acting merely 
as a bridge or stepping-stone to enable the current 
to across under variations of strength. M. de 
Meritens claims for this form of construction the 
merit of greater steadiness of the light. It is, how- 
ever, but fair to state that candles of this identical 
form were constructed and worked by M. Nysten 
several months before. 








Sourn AFRIcaAn BripgE BuiLpING.—The last main 
girder of an iron a constructed across the Zwartkops 
river at Bowermans has been successfully floated into po- 
sition. The bri is one of the most substantially built 
structures in the Eastern Province. 





(For Description, see Page 375.) 
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ENGINEERING PRECEDENTS. 
By Mr. J. Ricwarps, 
(Continued from page 334.) 
WOOD-CONVERTING MACHINES —continued. 

Tue device to be next noticed is a kind of guiding 
carriage for sawing regular or irregular forms, 
which is not only a contrivance of great ingenuity, 
butalso of use. This guide, as it may be called, is 
illustrated in Fig. 6, which is arranged as correctly 

















as possible with the facilities at hand, for sawing 
out serpentine pieces of the shape indicated by the 
slot a in the table or carriage c; ¢ ¢ are grooves cut 
into the top of atable on which the carriage c slides. 
At  n are two guiding pins fastened in the carriage 
c, and projecting down into the groovesee. Any 
one will be astonished at the singular and seeming 
irrelevant shape of the grooves e e, which apparently 
bear no relation to the form of the serpentine a, 
which will, however, be produced as the carriage 
passes the saw at o. 

Such a device when complete seems simple enough, 
and the ingenuity in generating such a contrivance 
lies rather in the mode than the result, The writer, 
who on several occasions found it necessary to con- 
struct such guiding devices, regarded them as an 
invention arising in his own experience, and was 











much astonished in 1869 to find the same thing 
very clearly laid out and described in a patent of 
Slater and Tall, to be noticed hereafter, bearing 
date of 1854. 

The subjoined description from Bentham’s patent 
describes in almost every particular the modus 
operandi followed in constructing such a sawing table 
in 1864 for cutting out bow-frames for billet saws: 
‘+ But in the following manner a piece may be cut 

to any irregular curve: Cut first a thin piece 
of wood to the curve required, and near each 
end bore a hole to receive a sharp point to 
serve as a tracer. Lay this mould on the 
saw-bench in such manner that one end of 
the curve shall touch the teeth of the saw, 
and point in a direction along the side of it. 
Advance now the mould in the direction it as- 
sumes, in consequence of its being kept through- 
out its progress as near as possible flat against 
the whole breadth of the saw, and the points fixed 
near each end will have traced on the bench the line 
they respectively described during the moving on of 
the mould ; then according to each of these lines 
cut in the bench a channel of sufficient breadth to 
receive a stout pin. Now lay the mould on the 
piece to be cut, and mark on the piece the spots 
where the points or tracers were placed in the 
moulds. At these two spots bore holes to receive a 
stout pin in each, corresponding to the tracers in 
the mould, lay the piece on the table, with the pin 
at each end inserted into the corresponding channel, 
then will the end of the piece be applied as the 
mould was before to the teeth of the saw, and when 
the saw is set in motion if the piece be advanced, 
the pins sliding along in the channels, the piece 
will thereby be guided so as to becut to the cur- 
vature of the mould, In this way curved pieces, 
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the ribs, for instance, of a ship or boat, may be cut 
out.” 

I shall next notice what is called curvilinear saw- 
ing. The diagrams Fig. 7 are made to illustrate this 
process, a lxing a piece to be sawn is moved along 
with the slide table c which rests on a ep 


frame ¢. At the side of this table c is p a pat- 
tern or forming mould d, on which a guide pin s 
rests, so that the table c when moved fo will 


be twisted or deflected on the pivot at m, and the 
saw kerf at be of a spiral or winding form, ac- 








‘ director,’ the motion of which is connected with that 
of the piece to be sawn, be made to slide on the 
floor under this leg, and let the thickness or height 
of this ‘ director’ at different parts of its length be 
adapted to raise the leg of the bench more or less 
according to the angle the bench should make with 
the saw in order to give the required bevelling to 
the piece at different portions of its length, the saw 
itself moving all the while invariably up and down 
in its perpendicular direction.” This description as 
a whole is far from being as clear as many others, 
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cording as the shape of the pattern or mould d is 
varied. 

The diagram is not aes to correspond with 
any machinery in use, but only asa simple means of 
illustrating an idea, or, more properly speaking, a 
mode of operating. 

First I may remark in respect to the degree which 
saws can be varied from a true to a winding line in 
such sawing, is much more than would be supposed 
frominference. Ship timbers of the most irregular 
form can be, and are, cut out very rapidly on such 
machines, The surface lines on the wood after 
being laid down from the mould loft drawings, are 
marked at short intervals with the required angle of 
saw kerf, and as the piece advances to the saw an 
attendant turns the saw and its mountings, which 
are all on a swing frame, to the required angle as 
the marks will show ; for instance, in starting at the 
end, the mark may be 0, which would be a vertical 
line, but as the piece moves on, these marks may 
increase from 0 to 30, which would mean a deviation 
of 30 deg. from a vertical line. 

The operation just described applies to what is 
called the ‘“* Knowlton patent sawing machine” in 
use at the present time in most shipyards in America 
where wooden ships and boats are built. This ma- 
chine of Knowlton’s embodies much tbat is ingenious 
and useful besides the principle of curvilinear saw- 
ing as an abstract invention, and what I desire to 
illustrate in the quotation which is to follow is that 
after what Bentham invented and laid down there 
was not much to do except to supply mechanical 
details, not of the most difficult kind, in order to 
reach the present state of practice. Bentham con- 
structed previous to the beginning of this century 
such machines for use in the dockyards ; that is, 
machines for cutting curvilinear or winding lines; 
of this there can be no doubt, but there is not at hand 
any exact information respecting their particular ar- 
rangement. Quoting from page 12 of the specifica- 
tion the description is as follows : 

“The angle which two contiguous surfaces of a 
piece form together at their meeting, and which is not 
a right angle, is called by some workmen the bevel- 
ling; the cutting a piece then to any bevelling, the 
bevelling remaining the same, may be easily effected 
by the position in which the piece is confined on 
the sliding bed, and that in longitudinal sawing as 
well as cross cutting, but if the bevelling is required 
to vary in the course of the cut, so as to produce a 
winding surface, forming certain given bevellings, 
and those different ones at different positions of its 
length, for this purpose the following apparatus may 
be employed: Let the frame or bench on which the 
sliding bed moves, when there is a sliding bed, and 
on which the piece itself moves when there is no 
sliding bed, be made to tilt or turn ona pin or 
gudgeon at each end, so placed as that if joined they 
would form an axis passing lengthwise through the 
middie of the bench at the height of the upper 
surface of whatever is used to support the piece 
and through the saw. Qn one side of this axis let 
the bench be loaded in such a manner that if it had 
no ——_ it would drop on that side until it 
assumed nearly a vertical instead of a horizontal 
position, From the under part of this side or part 
project a leg or support downwards to the floor ; then 
let a wedge or waved mould which may be called a 








mainly, I think, because the operation described is 
supposedly performed on a common saw bench or 
frame, to which Bentham’s devices were it seems 
applied in all possible cases. 

or a longtime, and even now in those countries 
where wood cutting and shaping is not well under- 
stood or extensively practised, a bench with a 
rotary spindle constitutes a base for nearly all 
machines for sawing, planing, boring, mortising, 
and soon. This fact should be kept in mind, because 
nearly all the operations performed or described by 
Bentham were when possible done by a saw bench 
ora machine to which that name would now be 
applied. 

In respect to grinding saws, one of the most im- 
portant processes of their manufacture, Bentham 
says after stating how imperfect the common 
methods were : ‘‘ The saw may be stretched as if 
it were for cutting, then by holding an edge tool 
or grinding instrument to one side, a support being 
provided on the other, the two sides may be brought 
successively, or by placing two tools one on each 
side acting one against the other, both sides may 
be done at once. These opposite tools may be 
made to close in upon the saws by screws or 
otherwise till it is reduced to the form required.” 

It may be said that this is no more than the con- 
jectures of a skilled man in respect to a process or 
processes which were obvious in a mechanical sense, 
and as it has been the purpose to make some re- 
marks upon this matter of conjecture when some 
suitable illustration was at hand, the present place 
will answer as well as any. 

First, I will point out that notwithstanding the 
fact that Bentham's patents have been accessible to 
the public for eighty years or more, and at the time 
of their issue must have come to the knowledge of 
saw makers, yet saws were not ground by the pro- 
cesses he describes until recent times. The process 
of grinding circular saws by having a “ grinding 
instrument” on one side «nd an opposing pressure 
roller on the other side, was the subject of patents 
not more than twenty years ago, and the term 
“patent ground” is applied at this time to saws 
treated in that manner. I moreover contend that 
after reading the description from his patent of 1793, 
just quoted, a mechanic of ordinary skill and 
acquainted with grinding processes, would have had 
no difficulty in supplying the required mechanism to 
carry the scheme into effect, not only for circular 
but for long saws, which Bentham had especially in 
view. 

Conjectureimplies doubt and uncertainty, elements 
which nowhere enter into Bentham’s descriptions 
unless fully qualified by explanation, and in cases 
like the present the conception set forth with 
clear instructions how to make and use, is to my 
mind a completed invention almost as much as 
though machines were made and set at work; 
moreover, at the present time the distinction be- 
tween conceptions when expressed in formule, 
drawings, or words, and what we may call actual 
mechanical contrivances, is becoming less and less 
continually. This is a natural and inevitable result 
of a more complete knowledge of physical laws and 
the properties of matier, and I think it no more than 
fair to apply our modern rules to the inventions 
of Bentham, because his scientific knowledge as 











well as powers of discernment belong rather to our 
own time than to the eighteenth century. 

Another thing to be kept in mind is the difference 
between products and means to produce; either 
may be conceived and either may constitute in- 
vention, but the two must not be. confounded 
together, and if this distinction was made in all 

atent grants, and they were classified accord- 
ingly, the advantages would be very great both to 
inventors and the public, 

Reverting again to the last paragraphs of the 





quotation, I will call attention to the Disston patent 
grinding machine for long saws illustrated in the 
diagram, Fig. 8, in which a is a saw to be ground, 
and ¢c two stones or wheels acting on each side at 
the same time.* 

This grinding process will close our remarks on 
sawing, and bring us to bending wood, another of 
those apparently simply processes which has had to 
wait until a comparatively modern time for develop- 
ment. I do not by this intend to imply that machines 
and implements for bending have been wanting, but 
that the employment of bent work of all kinds in wood 
manufacture has been greater during a few years 
past than at any former period. The manufacture 
of chairs and other cabinet furniture from bent wood 
in South Germany is at this time no doubt the most 
extensive practice of the art which has ever existed. 
If to this we add the manufacture of bent carriage 
parts, so extensively carried on in America, and also 
of recent origin, there will be ample evidence of 
modern development in wood bending. 

The expedient of bending wood by means of heat 
and moisture can scarce be regarded as an invention. 
A patent was granted in this country to a man named 
Cumberland in the year 1720, in which there isa 
very complete description of steam bending ships’ 
planks. Bentham himself says of wood bending, 
‘Tt had been practised from time immemorial in 
Russia, and applied to wheels and some other wood- 
work.” He also refers to a patent in England on 
‘bending circular wooden sashes, soffits, fanlights, 
door mouldings, and handrails for stairs ;” and con- 
tinues, ‘though in no instance that I have heard 
of here or elsewhere has the expedient been recurred 
to of dividing a piece for this purpose into thick- 
nesses.” 

The diagram Fig. 9 will explain what is meant; it 
is intended to show a method of preparing plough 
handles by slitting them into several parts before 
bending, the parts afterwards being joined by rivets, 
as shown; the number of slits necessary being 
according to the hardness or friability of the 
wood employed. In most cases one slit only is re- 
quired, 

In respect to bending ships’ timbers and other 
large pieces, although Bentham lays down minute 
instructions, he does not seem to have employed or 
thought of those two modern expedients, ‘end 
pressure” and the “ back strap.” In speaking of the 
danger of fracture, or splintering on the convex 
sides, he says, “‘ A very material caution is, that as 
fast as you force a piece to adapt itself to the curva- 
ture of the mould to which you are bending it, you 
apply a pressure by means of wedges or screws, &c., 
to that very part, and so all along the piece, par- 
ticularly at the sharpest convexities, not trusting to 
the force applied to any other part of the piece, lest 
such fcrce, though sufficient to keep the piece to its 
curvature, should not prevent the exterior fibres 
from starting out.” This, of course, comprehends 
what are called following wedges or ‘ back blocks,” 
but not the strap now commonly used for the heavier 
kinds of work, 

(To be continued.) 





* For a further notice of this process as well as one 
for cire saws, see ENGINERING, vol. xxvii., pages 187 
and 207, ‘* Grinding Processes.”’ 
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SHIPPING COAL. 


In our issue of the 4th of April last, vol. xxvii., 
page 283, we briefly stated that Mr. Graham Smith, C.E., 
of 6, Westminster Chambers, S.W., was engaged in the de- 
sign of a coal shipping hoist which appeared to have some 
merits, and we now give on the preceding page an illustra- 
tion showing the principal features of the arrangement. A 
is platform which is intended to rise and fall vertically 
within the main uprights B; these uprights are firmly 
braced together with their inner edges exactly vertical 
so as to form guides for the platform A, which is fitted to 
receive upon its upper surfaceaturntable C. This turn- 
table has an opening in which a tipping cradle or frame D 
is suspended on two rocking centres E E, and being thus 
nearly balanced, little power is required to tip the truck, 
and at the same time no locking arrangements or bolts 
are necessary ; and accidents cannot occur through the 
negligence of men in charge, as supposing the power to 
be employed to be water, it will only be necessary to pro- 
vide the ram with the ordinary automatic arrangement if 
cut off at the end of the stroke, and make the valves of 
such a size that the exhaust water may not escape 
sufficiently rapidly to allow of the cradle coming back 
on its centres with a jerk. 

Fitted to the turntable and cradle is a pair of rails 
corresponding in gauge to lines of rails laid down on the 
quay. These rails are intended to receive the laden 
truck or wagon, the contents of which are required to be 
discharged into a vessel. 

The platform A has fitted to its underside two shoots 
F and G, one of which overlies the other. If the wagon 
is an end tipping wagon it will discharge its contents 
into F, and if a hopper wagon into G. Should the 
material to be shipped be such that it will not be damaged 
by an increased fall, the upper shoot F may be re- 
moved. 

It is thus seen that the apparatus is universal, and 
will discharge any description of wagon either hopper or 
end tipping, that is, it will discharge an ordinary coal 
train just as it arrives. In front of the shoots F and G 
is a short shoot I, mounted on a universal axle carried 
by the girder J, which is suspended by chains passing 
over pulleys fixed to the top of the framing and is free 
to move vertically in guides in the main uprights B to 
permit of the adjustment of the shoot I, in line with 
either of the shoots F and G. In continuation of this 
short shoot I is a longer shoot K, which is supported on 
a universal axle L, swivelling on a central pivot, 
carried on a bracket likewise fixed to the girder J, and 
so is free to move vertically and swivel horizontally, 
and thus being free to move in any direction, the shoot is 
not liable to damage by the surging of the ship, and it 
may be adjusted to the position of the ship in place of 
the ship to the shoot as hitherto, This arrange- 
ment also facilitates the trimming in the hold of 
the vessel, as the men are enabled to work con- 
tinuously, whereas at present there is always a delay 
on the tipping of each truck. An economy of labour 
will be, therefore, not only effected, but likewise the 
speed at which coal can be shipped will be increased, 
the amount being, to some extent, dependent on the time 
taken to stow it. The level to which the platform A 
and the two shoots F and G are raised may by this 
arrangement likewise be varied to suit the height of the 
tide and the character of the vessel being laden. The 
shoot K extends over the hatchway of the vessel, and 
the amount of incline given to it may be regulated by a 
chain passing over a pulley on the main framing. 

In working this apparatus, the turntable being brought 
to the quay level, and its swing frame into line with one 
of the lines of rails on the quay, a truck is run on to it. 
The platform is then lifted to the required height, and 
the contents of the wagon discharged, as already ex- 
plained. The platform is then lowered to the quay 
level, and the empty wagon run off on to one or other of 
the lines of rails laid on the quay. There being five 
lines of rails into the machine, it may be employed with 
any existing arrangement of sidings or coal shipping 
lines, and the whole of the quay space may be fully 
developed without any complication of points and cross- 
ings, and fifteen independent sidings may be worked 
without crossing each other, and any one siding being 
clear the wagons may be packed on the remaining 
fourteen to within 35 ft. of the apparatus, and discharged 
in regular succession without any previous sorting or 
arranging whatever, and the train of empties sent off in 
exactly the same order as they arrived at the port. A 
large saving should thus be made in working expenses. 
With present arrangements, before anything like the coal 
on fifteen sidings can be shipped a vast amount of sorting 
and shunting has to be performed. Thereis also a saving 
in first cost, as with the exception of the five sets of 
three-throw switches at the machine, no other points, 
crossings, or shunting sidings are necessary to work the 
fifteen lines after the coal has been put upon them from 
the siding off the main line. 

At first sight it would appear that the same advan- 
tages may be secured by separating the turntable from 
the hoist and placing it on the quay, but on investiga- 
tion it will be found that in such an arrangement much 
valuable quay space is sacrificed and additional pipes 
and foundation have to be provided and another set of 
men employed to work it. This is decidedly a loss, as 





the men at the turntable have to work in unison with 
those on the machine, and delays in consequence fre- 
quently occur, during which time the machine must be 
idle, as also during the time that the wagon is bein 
got from the turntable to the machine and vice versé. 
With the turntable in the hoist the wagon may be turned 
and returned during the ascent and descent, and wagons 
at once run on and off. With a machine of this descrip- 
tion the most crowded coal quay may be worked by four 
or five men, as it requires only one man to look after 
the working of the apparatus, another to go up with the 
wagon, and the remainder to run the trucks on and off 
by means of capstans, horses, or locomotives as may 
seem desirable. 

Only the weight of the wagon and coal has to be 
lifted, as that of the rising and falling platform, together 
with that of the turntable and all parts which move 
vertically, are counterbalanced by the weights H, which 
being of cast iron are not unnecessarily large. This 
arrangement is attended with the smallest amount of 
friction, and is preferable to any system of back pressure 
rams, as in practice those are found not to work satis- 
factorily, however efficient in theory they may be. Any 
coal tip man who has had a machine fitted with back 
pressure rams will at once say that they do not work 
well, and that it is often necessary to simply let the 
water run to waste, which is an enormous loss of 
power. From the description which has now been given, 
it will at once be seen that the arrangement of coal 
hoist illustrated is susceptible of mechanical treatment, 
and likely to prove of high efficiency, all the motions 
indicated being simple and capable of ordinary treat- 
ment either for steam or water pressure. If thought 
desirable it may be controlled entirely from the quay 
level. 

The shoots may be duplicated as shown in dotted 
lines at M, N, O, and P, and the upper portion of the 
shoot G may be hung at Q, so that it may be used with 
either of the shoots Gor M as required. This duplicate 
apparatus when placed on a pier, along the opposite 
sides of which ships may be berthed, will be capable 
of discharging into two ships at the same time, which 
is not possible by any arrangement of coal hoist at 
present in use. 

In anew country where docks and quays have not 
been constructed, such an arrangement would be 
valuable, as shallow water could be crossed by a pier of 
just sufficient strength to carry the wagons, and with a 
machine of this description placed at its sea end coals or 
mineral ores might be at once discharged into two ships. 

Should the approaches to the machine allow of high- 
level lines of railway being run on to such a pier, two 
ships might take in coalfrom the high level lines whilst 
loading or discharging a general cargo on the low-level 
quays, or where great expedition is necessary the empty 
trucks might be loaded to the low-level quay lines. 
However, with such arrangements the hydraulic ram or 
other lifting gear may be dispensed with if deemed ex- 
pedient and the turnable C set at the level of the high- 
level lines of railway. Many other modifications of 
these arrangements suggest themselves. The turntable 
C, tipping cradle D, and the shoot F, G, I, and K may be 
placed on another staging at a fixed height, and the 
wagon removed from the rising and falling platform on 
to it to be discharged. 

In case of the trucks being carried on a railway ata 
higher level than the quay the whole apparatus might 
be applied without difficulty, the rising and falling plat- 
form being the only feature in the designs which would 
be necessarily omitted. 





FIRELESS LOCOMOTIVES. 
On Fireless Locomotives for Tramways.* 
By M. Lzon Francq, of Paris. 
(Concluded from page 369). 

Practical Application of the System.—Fireless locomo- 
tives have been working with perfect regularity since the 
commencement of July, 1878, on the line between Rueil 
and Marly le Roi. The portion of the line which connects 
Port Marly with Rueil gives a distance for the double 
journey of nearly 9} miles. The gauge is 4 ft. 8hin.; there 
are numerous curves, of which the minimum radius is 
98 ft. ; the steepest gradient is 1 in 33; and the average 
speed of the trains is rather over 11 miles an hour. 

On the line which connects Port Marly with Marly le 
Roi, giving a distance of 2 miles 513 yards for the double 
journey, many curves are met with, several of which have 
a radius between 100 ft. and 132 ft. The gradients are as 
steep as lin 16. The total ascent from Port Marly to 
Marly le Roi is 252 ft. At the hill near the latter the 
passenger traffic rises to eighty persons in two carriages, 

et the speed easily reaches from 10 to 12} miles per hour. 

toppages are e in safety and without loss of time while 
descending, either by using the brakes only, or by reversing 
the engine, which can be done without injury to the work- 
ing parts, since there is no fire. Vehicles are detached 
from the trainin the easiest possible manner, even while 
ascending very steep inclines. The adhesion is always 
sufficient, since the weight is thrown equally on the four 
wheels. The traction is effected without sudden shocks ; 
the motion is very regular, and great speed may be attained. 
On level ground or on inclines, in winter or summer, 
through frost and snow, on rails made slippery by ice, 


* Paper read before the Institution of Mechanical 
Engineers at Manchester. 














through fogs and storms, on Sundays and holidays, the 
working of the engines has contin to be regular 
faultless. Three engines are employed for the ord 
traffic, and one is kept as areserve. The service i 
6a.m., and goes on without interruption until 2a.m. the 
following morning. The daily run of the three engines 
amounts to 200 miles. 

——_ have been made in Austria, before the Im- 
perial and Royal Commission of Lower Austria, on the 
—magy A running from Vienna to the Central Cemetery. 
The official report, issued 24th of May, 1879, states that 
the fireless engine drew a i with 43 passengers ; that 
several stoppages were made, in which the train came to 
absolute rest in a mean time of four to five seconds ; that 
the outward and return journeys were made in about 
the same time, namely, 21 minutes; that on the 
return journey the train was stopped on several oc- 
casions, both on level ground and on inclines, by agreed 
signal at’ certain points, and that after the brake was 
applied the train only ran a distance of 21 ft. 3 in.; 
that during the journey it was remarked that the horses 
in the ‘‘ Reichstrasse’’ were not frightened; that the 
engine glides along smoothly ; finally, that no objections of 
any kind can be bronght against the motor with respect to 
personal safety, or gory! in all matters concerning traffic 
on the public roads, and that it is very desirable that the 
— locomotive be used on the line whére the trial was 
made. 

In France, the Commission appointed by the Minister 
of Public Works (to say nothing of the numerous commis- 
sions nominated by scientific societies) gave, in July, 1876, 
a report which was quite as satisfactory. It states that 
no accident has been caused upon the public road by the 
use of the fireless locomotive ; that horses encountering this 
new vehicle show no serious uneasiness; that the steam 
comptes from the fireless engine is not great, and it would 
be absurd to reckon it as a danger with regard to herses, 
who show no fear when encountering on the bridges of 
Paris the steam escaping from the boats on the river; that 
the steam is innocuous, and therefore a condenser cannot 
be re; ed as an indispensable adjunct to the fireless en- 
gine ; finally, that the system deserves further encourage- 
ment and trial. This official encouragement has not beon 
wanting, as is proved by a letter from the Minister of 
Public Works, published September 6, 1878. 

Subsequent experiments have been made to test the 
suitability of the system for tramways and road railways 
on a larger scale; and specially in drawing for a distance 
of 12 or 13 miles a train weighing 100 tons, these condi- 
tions being required before establishing a line in Paris. 

A tug-boat on the same system has been later designed 
for the pee of towing on the Canal de |’Est in the 
tunnel of Maurages : it may also be applied with advantage 
to cranes, hoists, &c., in places where it is inadvisable to 
use fire; or to propel trollies in mills, out-door works, 
stations, &c., since by its means it is possible to utilise any 
surplus of the steam which has been generated for other 


an 
at 


urposes. 
, Application of the Expander to Locomotives.—Finally, 
it is proposed to consider whether the principle of generat- 
ing steam at very high pressure, and reducing it before use 
by some apparatus like the expander, may be applied to the 
important problem of economy of steam in locomotives. 
he objections made on the first introduction of the fire- 
less engine, both as to the inconvenience of the lowering of 
ressure at the end of a journey, and as to the loss of power 
y the use of the expander, have been shown by practical 
experience to be nugatory. The same follows theoreti- 
y from the Mechanical Theory of Heat. Table I. ap- 
pended shows that high-pressure steam used under the best 
practical conditions of expansion, and with a er gprs of 
30 per cent. of priming water (this last fact being exces- 
sively unfavourable), gives only a proportion of 44 per cent. 
actually utilised at 15 atmospheres, 52 per cent. at 8 atmo- 
spheres, 57 per cent. at 5 atmospheres, 60 per cent. at 4 
atmospheres, 62 wed cent. at 3 atmospheres, and 67} per 
cent. at 2 atmospheres. In the case of condensing engines 
with very r= expansion, the ratio of efficiency is the same 
at high and low pressures ; at all events, that is the result 
of calculations made up to 17 grades of expansion, which 
are more than is possible in practice. But it is known 
that this result is not applicable to locomotives, in which 
the steam is charged with water, and in which the con- 
struction does not permit any great degree of expansion. 
We must therefore conclude that the maximum aleineay 
of the locomotive is obtained under the lower pressures. 

Again, Table II. shows that a kilogramme of hot water 
produces the maximum weight of steam at low pressure, 
e.g., between 15 and 14 atmospheres the weight produced 
is only 5.6 grammes, while between 2 and 1.20 atmospheres 
it is 26.6 grammes. But the same Table indicates that the 
effective work of the steam produced by 1 kilogramme of 
water does not increase continuously as the pressure is 
diminished. Between 15and 14 atmospheres, 5,6 grammes 
of steam give 111.056 kilogrammetres of work ; between 4 
and 3 atmospheres, 16 grammes give 189.440 kilogram- 
metres ; between 3 and 2 atmospheres, 21.1 grammes give 
only 177.246 kilo metres. 

The result of the foregoing calculations is, that the best 
result has been obtained when steam has been used within 
the limits of 3 and 4 atmospheres. 

If this steam is superheated before its introduction into 
the cylinder, so as to evaporate the water it has carried off, 
pom bor results may be obtained with a cut-off, in the case 
of locomotives, at one-third of the stroke. It remains to 
be seen first whether by expanding the steam from a very 
high pressure to this pressure of 4 atmospheres the good 
effect of using low pressures is lost. Now from Table I. 
we deduce that 1000 grammes of steam at 4 atmospheres 
give 13,152 kilogrammetres of work in escaping; hence, 


151.2 grammes of steam at 4 atmospheres will give? x 
13,152=1988 kilogrammetres. But the totals of Table II. 
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show that 151.2 is the number of grammes of steam derived 
from 1 kilogramme of hot water when expanded from 15 
to 1.20 atmospheres, doing full work the whole time ; and 
that these 151.2 grammes give only 1941.979 kilogram- 
metres of work under those conditions ; an amount less by 
46 kilogramimnetres than the result with the lower pressure 
of 4 atmospheres. 

Consequently it appears that the expander, instead of 
being useless, and in opposition to mechanica! principles, 
proves to be an actual step in advance. It has also the 
advantage of evaporating the priming water, and thus 
giving a better efficiency. By Zeuner’s Tables the free 
peat of dry saturated steam at 15 atmospheres is 619.89 
calories ; but if this steam be expanded to 4 atmospheres in 
a vessel of sufficient size, the free heat is then 607.06 
calories. The difference is not absorbed, for no free work 
has been done ; it has gone to vaporise the drops of priming 
water. If any of these still remain they will disappear in 
passing the hot reservoir to the cylinders. 

The natural deduction from the foregoing is, that the 
epplication to locomotives of the principle of expanding 
tteam to say four atmospheres (60 lb.) without doing work, 
and then superheating that steam to the temperature of 
the water that has produced it, will result in a true and 
ositive economy ; and, at the same time, that the fireless 
ocomotive, which uses this process, is an engine based 
upon true mechanical principles. These two points the 
author leaves to the consideration of engineers, and of all 
those interested in the question. 


TABLE I.—Amount af Work, Theoretical and Practical, 
derived from High-Pressure Steam. 
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15 19,940.72 | 512.5 0.0917 | 0.2094 At 
14 19,722.3 | 510.793) 0.091 0,203 45 
13 19,455.24 | 509 0.09 0.197 454 
12 18,994 35 | 507.10 | 0.088% |) 0.191 46 
ll 18,632.68 | 505.085 | 0.087 0.184 47 
10 18,185.36 | 502.92 | 0.085 0.177 48 
9 17,778.32 | 500.56 | 0.0837 | 0.168 49} 
8 17,693.52 | 497.99 | 0.083 0.159 2 
7 16,371.00 | 495.15 | 0.078 0.149 52 
6 15,586.24 | 491.98 | 0.074 0.137 of 
5 14,517.76 | 488.33 | 0.07 0.1228 57 
4 13,152 48 | 484.94 | 0.064 0.1055 60} 
3 10,521.17 | 478.78 | 0.0518 | 0.083 62 
2 | 6,283.68 | 471.80 | 0.0352 | 0.052 | 67} 
1.2 0.00 0.00 | 0.00 0.00 0 
(Pressure 
of escape).| 



























Fig.7.D. 
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TABLE II.—Weight of Steam and Effective Work given 
by One Kilogramme of Hot Water under Diminishing 
Pressure. 




















Pan 7 buf Effective Work 
aia - rom One 
Initial Pressure. a — Kileeramme of 
Water. ater. 
Atmos Atmos Grammes Kilogs. 
15 14 5.6 111.056 
14 13 5.7 111.606 
13 2 5.8 111.476 
2 ll 6.2 116.622 
ll 10 6.6 121.499 
10 9 7.3 131.340 
9 8 7.8 138.340 
8 7 8.6 146.477 
7 6 9.7 154.993 
6 5 11.1 167.077 
5 4 13.1 | 181.240 
4 3 16 | 189.440 
3 2 21.1 | 177.240 
2 1.20 26.6 83.573 
Total from 15 atmospheres 
to 1.20 atmosphere 151.2 1941.979 











Pusitic Works tn France.—The mme of great 
ablic works in France matured by M. te Freycinet has 
n in course of execution since the commencement of this 
year, but it is only in 1880 that matters will get into full 
swing. The amount placed at the disposal of M. de 


Freycinet for the execution of public works in France in 
1880 is 14,720,0001.; of this sum, 5,880,0001. is to be 
applied to the construction of 


railways. 
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(Continued from page 366.) 
MANNER OF CONDUCTING THE Duty TRIAL. 

Tuis trial was one of a series proposed by this office, 
which could be conducted by a single set of observers, all 
the observations being under the control of asingle expert ; 
and which should at the same time give results quite as 
reliable as can be obtained by much larger and more ex- 
pensive tests. 

The duty of a pumping engine is ordinarily understood 
as the number of foot-pounds of useful work exerted by 
the pumps by the consumption of 100 lb. of coal; so that 
for its calculation, it is only necessary to know the pres- 
sure oo which the pumps deliver water, the distance 
travelled by the pump pistons, their area, and the weight 
of coal consumed. In making a run of comparatively 
short duration great errors are frequently committed in 
the measurement of the coal, by starting the trial with the 

in good condition and stopping it with the fires in the 
same condition as nearly as can be estimated. It was the 
intention of all concerned in the present trial, to avoid not 
only this source of error, but also all allowances and 
guesswork, and to measure all elements involved in the 
calculation of the duty directly. For this purpose before 
commencing the trial, the fires were hauled from the fur- 
naces and rekindled as soon as possible, all fuel put into 
the furnaces being charged, estimating 1b. of wood to 
be equivalent to 0.4 lb. of coal. As soon as the fires were 
in sufficiently good condition, the trial was commenced and 

















Nov. 14, 1879.] 





ENGINEERING. 





377 








LIGHT-DRAUGHT PADDLE-WHEEL FERRY STEAMER. 


CONSTRUCTED BY MESSRS. W. DENNY BROTHERS, ENGINEERS, DUMBARTON. 
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was continued until after the last firing, the steam pressure 
had fallen to the point at which it stood when the fires 
were kindled. The fires were then hauled, and all uncon- 
sumed coal was weighed back, and the remainder was 
charged as ashes. 

The coal used in the trial was Lehigh of exceptionally 
good quality, and, as will be seen by the results that follow, 
gave a very high evaporation, and small percentage of 
ashes. The evaporation, though unusually high, has 
occasionally been exceeded, as, for instance, in several of 
the tests of vertical water-tube and horizontal fire-tube 
je my E conducted by a board of engineers at Philadelphia, 


occasion did not contain moisture, but no opportunity w 
afforded for testing its quality. wih or 
The other elements to be measured in a duty trial than 
the dimensions of the pumps, are the number of revolutions 
of the engines and the water pressure. The revolutions 
m a counter, and the water pressure in 


were obtained fro: 


It is not certain that the steam generated on this | f 





the main was measured by an Edson recording gauge 
placed just above the level of the delivery valves of the 
pumps. The readings of this gauge were corrected by com- 

ison with a differential mercury gauge which had pre- 
viously been found to agree with a mereury column. The 
steam gauges used on boilers and steam pipe were also 
tested by comparison with the differential mercury gauge. 
A copy of the 7 macnt taken by the recording gauge attached 
to the main is appended, Fig. 4. 

The water was delivered to the pumps under pressure 
which was measured by a mercury gauge set just below the 
level of the receiving valves of the pumps, and deducted 
rom the pressure in the main. The difference of level 
between the pressure gauges on main and suction pipes 
was reduced to equivalent water pressure, and added to the 
pressure in the main, thus obtaining the pressure under 
which the pumps delivered water. 4 

The measurement of the feed water pumped into the 
boilers was made by breaking the feed pipe, and allowing 








the engine feed pumps to deliver the water alternately into 

two barrels placed on platform scales, and forcing water 

taken from these barrels into the boilers, using a steam 

ump which was supplied with steam by a small auxiliary 

iler. The scales used for weighing the feed water were 

— tested by standard weights, as were also the coal 
es. 


Numerous indicator diagrams were taken from steam and 
water cylinders during the trial, and the results obtained 
mfro them will be found below. Three diagrams are 
appended, Figs. 5, 6 and 7, the first (B) from one of the low- 
pressure cylinders, the second (C) from the high-pressure 
cylinder, and the third (D) from one of the pumps. The 
scales of the springs used in the indicators were determined 
by direct experiment ane pressure for the indicator 
used in the pumps, and steam pressure in the other. The 
scales of the springs were as follows : 

Low-pressure , Asteonce évo ose 
igh - ao “te sé om 
Pump __ ,, * oe eon see vo 

All the diagrams were taken between 1.53 p.m. and 
6.45 p.m. June 26, and during that interval the average 
pear of the engimes was 22.96 revolutions per minute 
a Sag average effective water pressure 46.5 lb. per square 
inch. 


vs 
ae 


The average pressures deduced from the diagrams were 
as follows : 
Low pressure cylinders 11.3 Ib. per sq. in. 
igh » cylinder 50. 
‘ Pump = a ots 47.7 co od 
This gives as the mean pressure on each steam piston, 
11.3 x 3+ 50.4_ 94 og 
SS" ° ’ 


” ” 


and the equivalent effective pressure on pump pistons 
reduced to area of steam pistons is 46.5 x 0.384=17.86, so 
that the efficiency of the pumps as measured by the pres- 


sure produced in the main was 17.86 _ 0.847. Using this 
ratio the mean indicated horse power developed by the 


21.08 
ome during the whole run can readily be calculated as 
will appear in the results of the test that follow. 


Resvutts or Duty TRIALs.—JUNE 26-27, 1879. 


Duration of trial fa ose - 18h.4m. 
Average pressure of water in main, 

above atmosphere ... ot ... 54]b. per sq. in. 
Average pressure of water in suction 

above atmosphere ... Sos e+ 10.5 os 
Pressure equivalent to difference of 

level between gauges ie ae ” 
Pressure under which the pumps de- 

livered water 544-2 -10.5= vee 45.5 ” 
Total revolutions of engines ... Be 23,092 
Effective area of pump piston "185.475 sq. in, 
Distance travelled by all pump 

pistons, per revolution... i 22 ft. 
Pounds of wood put into furnaces R.. 


“ uncomsumed coal with- 
on from furnaces on completion 


of t “? et a ob 530 
Pounds of coal consumed, 0.4 x 532 + 5202—530=4975 
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Duty of engines: 
45.9 x 185.475 x 23.098 x 22 _ 96,176,315 foot-pounds. 


49.75 
The possetieg are all the observations necessary for a 
calculation of the duty, but others were taken that will 
doubtless be found interesting. 
Average pressure of steam in steam ; 
pipe above atmosphere 67.9 lb. per sq. in. 
Average pressure in condenser 24.9 in. of mercury 
Average revolutions of engine per 
minute ine ian - 21.3 
Average temperature of feed-water 110 deg. 
Delivery of pumps, calculated from 
piston displacement in 24 hours, 
running at same rate as during 





test... os ove on 6,502,000 U.S. gals. 
Total Quantities ; 
Pounds of coal ,.. one “0 ee 4.975 
0 ashes eco ove eco 313 
o combustible ae eee 4582 
” ‘eed-water ... e 54.900 
Percentage of ashes ove 6.39 
Hourly Quantities : 
Pounds of coal aes 275.3 
“ combustible seo 258 
” feed- water ... ay po 3,038.2 
99 coal per square foot of 
grate... one eee 6.45 
” combustible per square 
foot of grate... ts 6.47 
- coal per square foot of heat- 
ing surface ; ia 0.14 
»” combustible per square 
foot of heating surface... 0.131 
Pounds of Water Evaporated : 
From temperature of feed, per pound 
of coal... nal “as ‘ie ose 11.04 
From temperature of feed, per pound 
of combustible eos ond “st 11.78 
From temperature, square foot of 
heating surface mts id ne 1.54 
From and at 2120 per pound of coal 13.63 
es do combustible 14.54 
Square foot of heating surface 1.9 


Power Exzerted : 
Net effective horse power deduced from pressure in main 
45.5 x 188.475 x 23,092 x 22 _ 119.85 





1084 x 33.000 
Indicated horse power 
119.85 _ 141.55. 
0.847 
Consumption of Coal and Water per Horse Power per 
Hour: 
Coal per indicated horse power 1.94 
5» effective be sie 2.31 
Combustible per indicated horse power 1.82 
pre ~ effective rae 2.17 
Water per indicated horse power... 21.46 


9 effective oe * 25.51 
After completing the duty trial of your engine, referred 
to in our previous report, a few experiments were made to 
show the ease with which pumps could be disconnected or 
connected and the engine be changed from pound 
direct or the reverse. 





It was found that the latter opera- 
tions could readily be effected without stopping the engine, 
and when the engine was running with only two pumps 
connected the other two were attached and the original 
water pressure obtained, in one minute eight seconds from 
the time of starting. Numerous experiments were also 
made to test the efficiency of the regulator and it was found 
to act promptly in every instance. 


FERRY STEAMER FOR NEW ZEALAND. 

We give on page 377 drawings of a light-draught 
paddle-wheel ferry steamer recently laid down by Messrs. 
W. Denny and Brothers, Dumbarton, and intended for 
service in New Zealand. We made some reference to 
this little vessel at the time of the visit of the members 
of the Institution of Mechanical Engineers to Messrs. 
Denny’s Works in August last (see ENGINEERING, page 
115 unte). Her peculiar design, as there stated, arises from 
the fact that several conflicting requirements were in 
sisted upon. Combined with an extremely light draught 
of 2 ft. 4in., two different passerger decks were required, 
one for first-class, the other for steerage passengers, and 
she had to be strong enough to stand an occasional run 
in rough weather. Increased deck space is obtained as 
will be seen from the drawings by means of the sponsons 
on which are placed the steerage passengers. The 
vessel is double ended with a rudder at each end, and 
there are, we believe, two steering wheels on deck instead 
of one as shown on the profile. The beams too should 
have been shown 2} in. by 1} in. by } in, instead of 13 in. 
by 1} in. by ¢ in. with an angle-iron3 in. by 2 in. by 4 in. 
worked all fore and aft at the miadle line to tie the 
beams well together and take the pillars. The vessel 
is 80 ft. long by 15 ft. beam, and 8 ft. depth amidships 
with ends 5 ft, deep only. Very full particulars of the 
scautlings are given on the sketch of midship section. 
The vessel is built of steel, most of the shell plating 
being jin. thick, except under the engines where it 
is 4% in, and the sheerstrake is , in. amidships 
tapered to in. The paddle-boxes are of steel 
vy in. thick, with angle irons 1} in. by 1 in. by } in. 

e need not repeat the particulars we have previously 
given of the engines, boilers, and heating surface, 
but may mention that she is fitted with a single surface 














have been resorted to in order to combine strength with 
lightness, and the very large experience of Messrs. 
Denny Brothers in building light draught steamers for 
the Irrawaddy and other rivers enables them tojachieve 
success in this direction far beyond the common. This 
little boat is in many respects in marked contrast with the 
light-draught stern-wheel vessel we described last week, 
as will be seen at a glance over the particulars, but in 
both thereare marked evidences of the boldness of design 
and skilful adaptation of material to produce satisfac- 
tory mechanical results with the greatest lightness. 





COMPOUND ENGINES OF THE SS. 
‘“ DANTE” AND “ PETRARCH.” 

Our double-page engraving this week, as well as that 
on page 380 represents the marine engines constructed 
by Messrs. John Redhead and Co., of South Shields, for 
the steamers Dante and Petrarch, two vessels belonging 
to Messrs. Robert MacAndrew and Co., of London, and 
used by them in their Mediterranean trade. The engines 
are of the usual compound type, having cylinders in- 
verted and side by side and cranks at right angles. The 
cylinders are 29 in. and 58 in. diameter by 3 ft.stroke. The 
high-pressure cylinder has an expansion valve working 
on the back of the main slide, and arranged to cut off at 
any point between 0.33 and 0.75 of thestroke. The gear 
by which this valve is worked as shown in Figs. 2 and 
3. A separate eccentric (having a very short rod) drives 
a double-bar swinging link, pivotted near its back end 
ona bracket attached to the condenser. A connecting 
rod leads from this link to the valve spindle, and by 
means of the handwheel and screw shown in Fig. 3, the 
lower end of this rod can be shifted along the link so as to 
give the valve any stroke from 0 (when the cut-off is left 
to the main slide) to the full stroke of the expansion 
eccentric. The low-pressure cylinder is fitted with a 
starting valve, to which high-pressure steam can be ad- 
mitted direct into its ports. This valve is worked by a 
hand lever (Figs. 1 and 3) beside the starting wheel. 
The piston rods of both cylinders are carried through the 
covers, and both top and bottom stuffing-boxes are 
made of extra length. 

On the starting (starboard) side the cylinders are 
carried by four wrought-iron columns, cottered into the 
bedplate. On the port side they rest on two frames 
carried up from the surface condenser. The latter has 
horizontal brass tubes secured with packed glands in 
brass tubeplates, the total condensing surface being 
1400 square feet. The condenser casting is carried right 
down to the engine bearers, the bedplate being bolted up 
against it, and the air pumps and circulating pumps 
resting on it. The latter are of the usual vertical single- 
acting type, worked through levers from the low-pressure 
crosshead. The pump crosshead works also the feed and 
bilge pumps, there being two of each. The bedplate is 
in one casting, with four plummer-blocks in it. The 
crankshaft has journals 9}in. in diameter, and is made 
in two parts, connected by a flange ‘coupling between 
the middle bearings. The brasses are of phosphor- 
bronze. 

Double bar links are used in the link motion, the 
eccentric rods having forked ends, and the valve spindle 
being placed inside the links. The reversing gear is 
arranged to be worked either with or without the use of 
steam. In the latter case the ordinary handwheel is 
employed ; the arrangement for using steam is shown in 
Fig. 1. From this figure it will be seen that the reversing 
screw works in a nut which is virtually a crosshead for 
a small auxiliary cylinder resting upon the condenser. 
The piston rod of this cylinder is hollow, to allow the 
screw to clear in it. By means of the vertical handle 
shown in Fig. 1, steam can be admitted to either side of 
the starting piston, which throws a pressure on the 
crosshead in one or other direction, so as to allow the 
starting wheel to be turned by hand with a minimum of 
effort. To prevent the chance of overrunning, stops are 
placed on the small valve rod, 80 that the crosshead 
itself closes the valve just as it arrives at the end of its 
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WILSON’S DRYING APPARATUS. 
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The turning gear is placed upon the bedplate direct, 

= dise being cast with a balance weight, as shown in 
ig. 1. 

The engines are supplied with steam by two boilers 
placed side by side, each boiler being 11 ft. 3 in. diameter 
by 11 ft. long, with two furnaces 3 ft. 3in. diameter. The 
total heating surface is 2754 square feet. 

The vessels Dante and Petrarch were built, as well as 
their engines, by Messrs, Redhead and Co. Each vessel 
is 276 ft. long, 34 ft. 2 in. beam, and 22 ft. 6in. deep, and 
is 1695 tons gross, and 1302 tons net register, carrying 
2200 tons of cargo. The speed when loaded is said to 
be 9 knots per hour on a consumption of 10 tons of coal 
in 24 hours. On the trial trip the engines indicated 
653 horse power, running at 68 revolutions per minute, 
and with 701b. of steam and 28 in. of vacuum, cutting 
off at 0.45 of the stroke in the high-pressure cylinder. 
The speed was 10.5 knots. Both vessels have now been 
running successfully for a considerable time. It should 
be added that the work we have described was carried 
out under the superintendence of Mr. John Kennedy, 
consulting engineer to Messrs. MacAndrew. 








WILSON’S DRYING APPARAUS. 

WE publish above an illustration of an apparatus de- 
signed by Mr. D. Wilson, of Grays, Essex, for drying 
‘*slurry”’ in the manufacture of Portland cement, or for 
drying sewage. 

ig. 1 is a vertical longitudinal section of the apparatus, 
and the upper part of the kiln used in connexion with it ; 
Fig. 2 is a horizontal section of the apparatus and kiln ; 
and Fig. 3 is a transverse section. 





In the drawings A is the pan of the kiln, and a is one of 
the feed openings ; B is the flue ; b' b' being its outer walls, 
and 4°, b?, b% the partition walls; C is a sliding damper, 
which can be lowered when it is wished to cut off the com- 
munication between the kiln and flue, and be raised when it 
is wished toadmit the heat. The kiln has a damper at top, 
not shown; b° is the exit flue leading to the eye | 3 6° 
is the drying floor of the flue; D, D, are sheet iron plates, 
strengthened by d'. Two of these plates are shown in position 
in Fig.2. The plates may be hinged to plates d?, d?, built 
into the walls 5', b', the free edges of the plates resting 
upon the walls 5°, b*, as shown. 

The action and mode of working this apparatus are as 
follows: The plates D D being either taken off the walls, 
or turned back, the workmen spread or run from pipes a 
layer of slurry on the drying floor b*. They then replace 
the plates and spread on them another layer of slurry F. 
They then open the damper C and close the damper at the 
top of the kin, and thus cause the heat from the kiln to 

ass through the flue B, and between the upper and under 

yers of slurry, which are thus dried at the same time by 
the same current of waste heat. When the slurry is dried 
the workmen first remove the upper layer from the iron 
plates, and charge it into the kiln through the opening a. 
They then raise or remove the plates so as to gain access 
to the under layer of slurry, which they also remove and 
charge into the kiln. 
_ The novelty claimed by the inventor for this apparatus 
is the construction near the level of the top of the pan of a 
cement burning kiln of a shallow flue, covered by removable 
iron plates, and so arranged that the heat from the kiln 
shall pass over the slurry or other matter on the bottom of 
the flue or flues and under the iron plates, and from the 
flue to the chimney, as illustrated. 








Tue British Musgum.—The Government grant to the 
British Museam for the purchase of books has been this 
year 74001. Of this sum 20001. was devoted to manuscripts ; 
to maps, 6301. ; for the purchase of books, geology, botany, 
zoology, coins, and antiquities, and on prints, 2751. Mr. 
Bond is principal librarian to the Museum, Mr. Buller is the 

of pri books, and Mr, Maund Thompson is 





keeper of the manuscripts. 
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STEAM POWER IN PRUSSIA. 

Some very instructive statistics have been published 
at Berlin by Herr Engel, showing the number of steam 
engines and steam boilers in Prussia at the beginning 
of the present year.. There were 35,960 of the former 
and 38,649 of the latter, distributed as follows : 


Fixed boilers $2,411 Fixed engines 29,895 
Locomotive boilers 5,336 Movableengines ... 5,442 
Boilers of ships ... 702 Machinery of ships 623 

38,649 35,960 


The machinery represented nearly a million horse 
power, and this did not comprise either locomotives or 
the machinery belonging to the army or the navy. The 
locomotive force is estimated at two million horse power, 
and that of the men-of-war at 110,080, making a total 
of over three million horse power. The great increase 
which has taken place during the last thirty years is 
shown by the following Table : 


Fixed Fixed 

Boilers. Engines. 
1850 sis ur ose 549 91 
1850—1860 «. 3,954 3,620 
1860—1870... me .. 10,899 9,444 
1871 and the following years 16,496 13,659 
Date unknown eae ‘nn 733 2,381 








32,411 29,895 

It will be seen by the above Table that the proportion 
of boilers and engines dating from the last ten years is 
much greater than that of the boilers and engines con- 
structed at an earlier period, from which fact it may be 
inferred that there has been a great increase of industrial 
enterprise during that period. 

With respect to the amount of work done by the 
different machines and boilers the following Table will 
explain itself. 

1. Working by the Year. Fixed Boilers. Fixed Engines. 
Three months or less ° 880 1,765 


From three to six months 7,300 4,939 
>, 8ix to nine es 8,387 4,923 
»» nine to twelve ,, 13,611 16,840 
Duration unknown wail 1,233 1,428 
2. Working by the Day : 
Six hours or less... eco 847 2,928 
From six to twelve hours 15,756 16,278 
», twelve to eightee 
hours... pas erik 3,172 2,847 
Over eighteen hours 11,467 6,269 
Duration unknown 1,169 1,573 








TIMMINS’ DRIVER FOR LATHES. 

WE annex an engraving of Timmins’ lathe driver or 
carrier, a handy little contrivance made by Mr. James 
Nelson, of Gateshead-on-Tyne. The novel feature in the 
arrangement consists in the use of a lever A, which has 
a Y formed on one side at its inner end for nipping the 
work, while the outer end bears against the pin or catch 
in the lathe faceplate. When in use the pressure of the 























outer end or tail of the lever against the pin tightens the 
hold of the driver on the work in proportion to the re- 
sistance of the cut, while the work is not marked as in 
the common driver. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—The market was again 
very — last Thursday, and as makers had in 
the price of best brands in consequence of the demand 
caused by recent shipbuilding contracts, warrants rose in 
price insympathy. Speculators came forward, and prices 
then mounted to 2s. 7}d. up, and the close was only 3d. less 
than that sum up. Business opened in the morning at 55s , 
which was 5d. of advance; an improvement to 56s. 6d. 
subsequently took place, and the forenoon market closed 
with sellers at 56s. 3d. and buyers at lid. less. In the 
afternoon there was a further improvement to 57s. 1}d., 
and thence prices went back to 56s. 3d., but at the close 
recovered to 56s. 10}d. cash. The penny prices were— 
sellers, 57s.; buyers, 56s. 94. There was thus an advance 
over the week amounting to-4s. 1jd. per ton. Friday’s 


market was less excited, and prices took a downward turn. 
A number of the ironmasters met to give farther considera- 
tion to a proposal to reduce their miners’ wages, and 
appointed a committee to wait on the coalmasters and come 








to some terms of agreement in order that joint action might 
be taken. Speculative buying in expectation of a strike 
was less active, and the close showed a fall in prices to 
the extent of 1s. 104d. Business opened in the morning at 
56s. 9d., or 14d. down, and prices receded to 56s., thence 
returned to 56s. 9d., and closed at 56s. 3d. sellers, 56s. cash, 
and 56s. Y 5 one month buyers. There was a further 
decline in the afternoon to 55s. cash, and from 56s. to 
55s. 6d. fourteen days. .The closing quotations were— 
buyers 55s. cash, 55s. 6d. one month, and sellers 3d. over. 
Although 2s. 14d. under the highest quotation, prices 
showed an advance on the week of 2s. 3d. over the previous 
week’s close, and an equality with its predecessor. The 
warrant market opened firmly on Monday, in response to a 
report that the miners had come out on strike inst a 


The Rival Railway Schemes to Hull.—An effort has 


been made to amalgamate the ‘‘ Hull and Barnsley’ and 
‘Hull and Huddersfield” railway schemes, both of which 
for some weeks past have been before the public, and have 
met with rx ery The scheme of tion has, 
however, failed, and South Yorkshire mineowners are de- 
termined to my oy the Barnsley line, which will give them 
a fair opening the sea route, and thence to the me- 
tropolis. Tne importance of this is now more apparent 
than ever in the face of the Scotch competition, and the 
next session of Parliament will be noticeable for the keen 
opposition which will be fought on these lines. 


Engineering Trades.—Since the last report we have to 
notice a accession of orders in the engineering es, 





uction of 6d. per day on the rate of wages, the prices 
started at 4$d. of advance. Thereafter the feeling gained 
ground that the men were only taking a holiday to consider 
the matter, and that work in many of the pits would be 
resumed yesterday. The rumour to that effect caused a 
decline to 54s. 7}d., but yw d buying on speculation 
began, and prices got up to 55s. 3d., closing in the fore- 
noon, buyers 55s. 3d., sellers 14d. more. The afternoon 
found sellers very firm, and 55s. 6d. was paid, but prices 
got down to 55s., last week’s closing figure, and the market 
closed with sellers at 55s. 1}d., and buyersat 55s. Yester- 
day’s market was quiet, and there was a general opinion 
that there would no real strike amongst the miners 
beyond a two or three days’ holiday. Warrants in the 
forenoon varied in price from 54s. 6d. to 54s. 10}d. cash, 
and from 54s. 9d. to 55s. 3d. one month, sellers at the close 
at the higher figures and buyers 1$d. under. In the after- 
noon from 54s. 9d. to 54s. 103d. cash, and from 55s. 
to 55s.3d. one month were the quotations, and buyers 
closed at 54s. 10}d. and 55s. 3d. cash and one month re- 
spectively, and sellers 14d. per ton more, being 14d. under 
Monday’s close. The market was steady this forenoon, 
when a limited amount of business was done at 54s. 6d. to 
54s. 74d. cash, and 54s. 9d. to 55s. one month, the close 
being 54s. 73d. cash and 55s. one month for buyers, 
and sellers askingJjd. per ton more. There was also a 
steady market in the afternoon, and 54s. 9d. cash was 
paid, at which there were buyers over, and sellers held out 
for 54s. 104d. cash. Special brands are quiet, both for the 
Continent and America, and as the season is now advan 
it may be expected that the shipments will fall off ; indeed, 
they have already begun, as they only amounted to 
10,128 tons last week, as against 17,000 tons in the pre- 
ceeding week. For the week ending 9th of November last 
year the shipments amounted to 8547 tons. There are said 
to be some indications that more iron is still required for 
America. The home trade is now decidedly better, and 
much more iron is going into consumption. There are 
still 94 blast furnaces in operation as compared with 88 at 
the same time last year. The deliveries into the public 
warrant stores continue to be heavy, and the stock with 
Messrs. Connal and Co. up till last Friday night was 
365,890 tons, showing an increase for the week of 8234 tons. 


South Glasgow Suburban Circular Railway.—One or 
two projects are on foot to supply the extensive southern 
suburbs of Glasgow with railway connexion with the city 
and with each other. It is understood that at least one 
survey has recently been made to connect with existing 
lines near Strathbungo, and run through Crossmygloof 
along the southern marshes of Camphill, Queen’s Park, 
and Mount Florida, on to Rutherglen, a large burgh to the 
south-east of the city, and to Sune, an important dis- 
trict in the east-end of the city. In this way, or slightly 
varied by another project, the large and increasingly re- 
sident populations of those places, together with those of 
Shawlands, Langside, Cathcart, &c., will have rapid and 
comfortable conveyance to and from the city. 


The Aberdeen Harbour Engineer.—Mr. William Dyce 
Cay, C.E., resident harbour engineer,- Aberdeen, has inti- 
mated to the Harbour Board of that city that at the 31st 
of January next, the end of his fifteenth year of office, he 
wishes to discontinue to undertake the obligation of re- 
sidence contained in the terms of his engagement, as he 
proposes to reside thereafter in Edinburgh. Subject to 
that alteration, and others contingent on it, he is willing 
to continue to act as engineer to the Harbour Commis- 
sioners either by way of annual engagement, or by the 
execution of such work as they may entrust to him. 


Clyde Shipbuilding for October.—There were launched 
during last month from the Clyde shipyards eleven vessels 
of a total of 11,150 tons, which was certainly a very small 
turn out of work. During the past ten months the amount 
of shipping launched was 137,350 tons, which although 
small for that space of time, was sensibly larger than the 
amount launched in the same period of 1877. The largest 
vessel launched was the steel-built Buenos Ayrean, 
tons, for the Clyde and South American trade of the Allan 
Line. There was also a steamer of 1800 tons, the Belair, 
launched by Messrs. J. and G. Thomson, for Messrs. 
a mn and Co.’s direct line of Clyde and West India 

ers. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Filey Harbour.—A united effort is now being made to 
establish a harbour at Filey, and large funds have already 
been subscribed for that purpose. In 1859 Commissioners 
appointed by Government reported that Filey was the very 
best site for a harbour on the north-east coast. It is now 
pro to make a harbour with a water area of 150 acres 
within the piers, with 17 ft. at low water and at high water 
as much accommodation as would take in the Baltic 
It is expected that the harbour will cost about 150,0001. in 
construction, and it is said that not another could be made 
on this coast for less than 300,0001. It is expected that 
with the large support accorded the scheme a movement 
will in a few days be made for commencing it. 





4040 | oY five orders have beeen 


principally brought about by increased activity in the iron 
and steel departments. Machinery intended for rail rolling 
is ordered largely, and many firms are altering their plant 
so as to adapt it to the s trades. It is evident that so 
far as South Yorkshire is concerned the importance of the 
iron trade is diminishing and that of the steel trade in- 
creasing. On all hands there are alterations in accordance 
with this rule, and engineering firms are much better em- 
eee in consequence. It is with reluctance that many 

ms confess to greater activity, yet such is nevertheless 
the case. Manufacturers of engineering tool steel find 
orders more plentiful on home account, and for America 
favours are on the increase. This appears to prove that 
for exceptional qualities of steel required in the engineering 
branches, America is yet dependent on the Sheffield manu- 
facturer. Higher qualities of steel for the American 
market are yet in firm demand. 


Steel in the Shipbuilding Trades.—Large orders con- 
tinue to come in this district for steel plates intended to be 
used for shipbuilding p' s. Customers who a few 
years ago sent in orders for iron ship-plates now ask for 
steel ones only, and it is evident that in this department 
there is a complete alteration as torequirements. Armour 
plate manufacturers are in receipt of very many orders for 
the Home Government. The Sheffield mills are fully en- 
gaged in composite plates, steel and iron welded at present 
ing the favourite pattern with the Admiralty. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.— Yesterday there was a 
numerous attendance on ’Change at Middlesbrough, and 
although the market was rather flatter than it was on 
aan it was about a shilling per ton better than it was 
a week ago. Weak holders offered No. 3 Cleveland pig in 
small parcels at 41s. per ton, merchants quoted that 
quality 42s. per ton, and makers adhered to the nominal 
quotation of 45s. per ton. All the makers are fairly well 
sold forward, and are not anxious to book further orders at 

resent. Messrs. Connal and Co., the warrant storekeepers, 
ve a stock in Cleveland amounting to 90,000 tons—the 
highest point yet touched since they opened their establish- 
ment at Middlesbrough. Their Glasgow stock has been 
raised to 368,096 tons, having increased 7896 tons during 
the week. At Middlesbrough they expect to take in a fair 
uantity of iron this week. They find that storing in this 
district is of a much more healthy nature than it was a few 
months ago. 

The Finished Iron Trade.—There is more activity in the 
finished iron trade and prices are improving. Iron rails 
are quoted 51. 17s. 6d., ship plates 61. 10s., and bars 
61. 2s. 6d. per ton. Active preparations are being made 
for starting a portion of the Britannia Iron orks, 
Middlesbrough, which will be taken possession of by 
Messrs. Dorman, Long, and Co., early next month. At 
some of the foundries the full resources of the establish- 
ments are quite inadequate to meet the requirements. It 
is felt on sides that the improvement in trade is per- 
manent, and it is believed that next year will be the most 
prosperous since 1874. There is a very heavy demand for 
chairs and pipes of every description. 

Engineering and Shipbuilding.—Engineers are busier, 
Some orders for bridgework have recently been 
received in the North of England. At Stockton, Messrs. 
Head, Wrightson, and Co. are busy. Some of the 
marine engine bui complain of the paucity of orders, 
but as the sy 2 ¢ is improving they will soon 
have ae | to do. e stated last week that the prospects 
of shipbuilders were better, and we are glad to add this 
week that at Middlesbrough Messrs. Raylton, Dixon, and 
Co., of the Cleveland Dockyard, have received an order to 
build an Atlantic steamer of 4000 tons. They’ are about 
to build three or four smaller steamers. At Stockton four 
secured, and on the Tyne, in ad- 
dition to Messrs. Wigham, Richardson, and Co. obtaining an 
order to build two of the ten French steamers, which have 
been distributed amongst different builders, several con- 
tracts have been secured. 


The Wages Question.—It is matter for congratulation 
that, just as trade is improving, both masters and men 
have ap the consideration of the vapes question 
in the most commendable way, and have by the establish- 
ment of sliding scales satisfactorily settled the question so 
far as the Cleveland ironstone miners and the North of 
England blast furnacemen are concerned for the next two 
years. The basis in each case to which we alluded last 
week were finally agreed to on Monday. 


The Coal and Coke Trades.—The coal and coke trades 
are still improving. More collieries and coke ovens are 
being put into operation in the county of Durham, and 
prices, in spite of the increasing production, are still advanc- 
ing. The output is now much larger than it was a few 
months ago, and by the end of the year it will be consider- 
ably heavier. Next year it is expected that excellent 





business will be done. 
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United States will in future be payable to him. Mr. Lenox 
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NOTICES OF MEETINGS. 


INSTITUTION OF C1VIL ENGINEERS,—Tuesday, November 18th, at 
8 p.m. “Tunnel Outlets from Storage Reservoirs,” by Charles 
John Wood, M. Inst, C.E. 

PHYSICAL SocIETY.—Saturday, November 22nd, at 3p.m. “On 
a Retention-Image Photometer,” by Dr. F. Guthrie, F.R.S. 
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SHIPBUILDERS AND THE BOARD OF 
TRADE. 

Asoy@ the many evils likely to arise when a 
Government department is called upon to interfere 
with mercantile industries, even when the functions 
assigned to the department are purely for the pro- 
tection of life, the one most to be dreaded is the 
tendency to push interference more and more into 
details until the original object of the service they 
were intended to render the public has been lost sight 
of. When this tendency is combined with a careful 
avoidance of responsibility, and almost necessarily 
with an obstruction to the march-of modern im- 
provements, it is easy to understand that it may 
become absolutely intolerable to the industries 
which are thus hampered. We then reap all the 
evils which arise from what the assistant secretary 
of the Board of Trade once aptly termed “ grand- 
motherly legislation,” without receiving any of the 
mgewr advantages of the same, 

yhen the Plimsoll agitation swept over the 
country, and the crusade against the shipowner 
threatened to produce sweeping legislation, it was 
clearly foreseen that if the powers of the Board of 
Trade were to be greatly extended it would in- 
evitably lead to serious consequences for the ship- 
owning and shipbuilding interests of this country. 

The persistency with which the well-known and 
much-abused rules for boilers, safety-valves, and 
other parts of the machinery of passenger steamers 


had grown up, betokened in the future an inter- 
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ference with the details of ship design and con- 
struction which it was felt would have to be sternly 
and persistently opposed if it were to be avoided. 

Marine engineers have made many ineffectual 
struggles to free themselves from the trammels in 
which the Board of Trade managed to bind them 
with their rules and instructions to surveyors, and 
they have found how difficult extrication has become 
when once they are involved. Shipbuilders have 
on the whole been more alert than the engineers, 
having profited doubtless by the fate of the latter. 
They have shown a disposition to nip in the bud the 
advances of what they consider an enemy, into the 
domain of ship design and construction. 

It is true the advance has been made but slowly, 
but how far the caution displayed has been be- 
gotten of the hostility of the shipbuilders to be 
interfered with it is impossible to say. ‘There can 
be little doubt, however, that interference has been 
attempted, and most unwise interference, as the 
sequel will show, and it is unquestionably for the 
public good that such eases should become known 
and discussed in order to convince those who have 
the control of these matters of the responsibility 
they incur when they place a department of State 
in positions which can only bring it into useless 
antagonism with important commercial interests. 

It should always be borne in mind by the 
officers of the Board that even the great department 
whose power they wield loses in influence and 
strength when it tries to force new methods and 
ractices upon shipbuilders of the highest standing 
in the country, against the better judgment of the 
profession, and especially when such an attempt is 
bound sooner or later to end in failure. 

An interesting illustration to our remarks has 
occurred in the case of the s,s. Pizarro, recently 
built by Messrs, R. Napier and Sons for the Pacific 
Steam Navigation Company. It has long been the 
common practice for shipbuilders on the Clyde, as 
in other ports, to fit the elbows for the outlets from 
water-closets and other places, the parts attached 
to the side or bottom of the vessel, of cast iron. 
These have sometimes been fitted of lead, but acci- 
dents have arisen owing to the softness of the lead, 
They are apt to be pierced by boathooks when boats 
are coming alongside, and lead has been abandoned, 
Cast iron has however been found suitable enough, 
and obviously it is only a question of making them 
thick enough and of good material to render them 
abundantly strong for any strain likely tocome upon 
them. The Board of Trade, however, have taken a 
fancy that these pipes should be of yellow metal, and 
they have issued a rule accordingly for the guidance 
of their surveyors. Theshipbuilders object to brass 
for this purpose for several reasons, among them 
being doubtless the question of cost, but beyond 
this they object that with the iron skin of the ship 
there would be a galvanic action set up at a part of 
the ship where anything likely to produce this effect 
is much to be deprecated. e upshot has been 
that the builders have refused to comply with the 
rule, and the Board of Trade has been powerless to 
enforce it. 

The rule has now been in existence a few years, 
and the quarrel respecting it is by no means a new 
one. Mr. W. Denny read a paper on the subject 
two or three years ago before the Institution of 
Scottish Shipbuilders and Engineers, and the steps 
which followed showed the whole experience of 
practical men to be opposed to the action of 
the Board of Trade. After this it would have 
been thought the officers of the Board would have 
seen that the position taken up by the department 
was untenable, and that they would have withdrawn 
a rule so manifestly at variance with the teachings 
of experience. 

Even if we admit the superiority of yellow metal 
outlet pipes, yet it was obvious that cast iron had 
proved itself by long experience ae safe and 
efficient for the purpose, and it should be remem- 
bered that except to prevent unsafety the right of 
the Board of Trade to interfere at all under the 
statute is practically ai/. However, with a per- 
sistency worthy of a better cause, the Board stuck 
to its rule, and after seeing it ignored time after 
time and by builder after builder, eventually tried 
to enforce it in the case of the vessel mentioned 
above, and with a very curious result. j 

It should be mentioned that the Pizarro is a 
passenger steamer, and as such would require a 
passenger certificate from the Board of Trade. By 
the form of this certificate the surveyor has to 
declare that the rales laid down by the Board have 
been complied with, If he does not make this de- 


claration the vessel cannot get her passenger certifi- 
cate, andin this way any obstruction might be exer- 
cised, any rule, however trivial, might be made 
to thwart the intention of the Legislature in re- 
ference to the safety of passenger steamers, 

To take a of this as an indirect means 
of coercing the builders was evidently the intention 
of the officers of the Board of Trade in their deal- 
ings with Messrs, Napier and Sons, one of the 
oldest and best-known firms in the country, in this 
case of the Pizarro. 

On the 30th July last, when this vessel was well 
advancing towards completion, one of the local sur- 
veyors of the Board reported to his principal officer 
that the outlets of these pipes were of galvanised 
cast iron, and saying, ‘“ In conclusion, I beg to inti- 
mate that I have — out this matter of non- 
compliance with Board's requirements, as to cast- 
iron pipes and elbows, to the builders, and they 
distinctly assert their entire satisfaction with the 
fittings.” This report was forwarded to London, 
and was reported on for the information of the 
Board, by a member of what is termed their con- 
sultative staff. 

The following will perhaps throw some little light 
upon how and where the Board draws its inspira- 
tion : 

82, Basinghall-street, E.C., August 2, 1879. 
Sir,—This case is very well reported. The builders have 
known the Board’s regulation. 

e regulation is simply the minimum found by owners 


of large passenger steamships to be necessary for es. 


The company for which this vessel is building no dou 
would raise objections to the ’s officers issuing a 
declaration without the regulation being complied with. I 
to advise that excepting perhaps the trough closets 
right aft, there is neither reason nor compensation for the 
omission of yellow metal elbows, and that the surveyor 
should be fully supported in the course he has taken. 

The Assistant Seceaiaciae = —— 

e Assis , men 
Board of Trade. ; 

The statement contained here that the Board's 
regulation is simply the minimum found to be ne- 
cessary for safety, is somewhat startling in face of 
the fact that hundreds of ships are so fitted yearly 
without accident or complaint. Indeed, to set up on 
the ground of safety such a discrimination between 
two materials about equally reliable, or unreliable, 
without reference to the thickness of metal used in 
either, is in itself so manifest an absurdity that one 
would think it could not have escaped the writer’s 
notice, if we had not the further evidence of its 
having become one of the Board's regulations. 

The main framework of the engines are of cast 
iron, the cylinders, propeller, and other important 

arts of the machinery that have great strains to 
et are of cast iron, vast structures on land are 
of cast iron, and the very keel of the ship may 
be of cast iron, for anything the Board troubles 
to the contrary, but these gaan sae! es must not 
be, and shall not be, of cast iron! —i the Board can 
help it. Mr. Wimshurst says ‘there is neither 
reason nor compensation for the omission of yellow 
metal elbows,” though what he means by compen- 
sation we are at a loss to conceive, unless it is that 
if the builders had given the owners an extra in 
some other part of the ship they might have been 
let off the yellow metal elbow pipes, But then 
what becomes of the Board’s minimum regulation 
for safety ? 

Here also comes in another feature of this case 
which is especially worthy of notice. 

Mr. Wimshurst obviously despairs of getting 
‘‘yeason” into the dwilders’ heads, but there is 
a good card left, viz., to get the owners to bring 
pressure on the builders. Accordingly, we find 
that a few days later, on the 5th of August, 
copies of the surveyor’s reports are sent to the 
Pacific Steam Navigation Company, with a letter 
informing the company that the ‘Board of 
Trade have been advised that cast iron is not the 
proper material of which connexions of this sort with 
the side of the ship should be made, and that the 
instructions of the Board, of which the builders are 
fully aware, direct their surveyors not to grant 
declaration for ocean-going steamers so fitted.” 
And after warning the company of the subsequent 
responsibility they will incur, they ask to be in- 
formed ‘‘whether the company desire cast iron 
instead of yellow metal to be used for these fittings, 
or whether under their contract, the regulations and 
instructions to surveyors, on which a passenger 
certificate is to be granted, are to be complied 
with ?” 

It is obvious that the object of this letter was 


lo 





simply to frighten the company into bringing effec- 
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tual pressure to bear on the builders, which the 
Board of Trade were powerless to do. What dif- 
ference we may ask could it make to the Board 
whether the owners wished the fittings in question 
of cast iron or brass? Or what had the terms of the 
contract between the owners and builders to do 
with the Board of Trade? If the cast-iron fittings 
rendered the vessel unsafe it would be the daty of 
the Board to withhold the certificate. If not they 
should grant it. No words are necessary to show 
that thisis the only ground the Board of Trade and 
their officers could stand upon. 

The company naturally sent the correspondence 
on to the builders with the intimation that ‘‘ the di- 
rectors hope that you will enable them to reply that 
the requirements of the Board will be complied 
with.” The reply of the builders is dignified and to 
the point, and shows any one at a glance that their 
position is impregnable. It runs thus: ‘In reply 
we beg to say that having paid the fees, and re- 
quested the Board of Trade to survey the Pizarro, 
with the view of getting a passenger certificate, 
these gentlemen are quite aware that it is part of 
our contract to supply a certificate. Keeping in 
view that the whole of the steamers belonging to 
your company are fitted with cast-iron elbows, the 
same as in the Pizarro, we have followed this prac- 
tice with the greatest care and regard to the re- 
quirements of passenger ships as laid down in the 
only legal enactment that applies, viz, the Mer. 
chant Shipping Act of 1854, and having in every 
way fulfilled these, we shall demand a declaration.” 
This appears to have satisfied the owners, 

Notwithstanding all this, however, the officers of 
the Board failed to see their helplessness, and the 
local officer at Glasgow gave notice to the builders 
“that unless the Board's requirements, of which 
en are fully aware, are complied with, I shall not 

e able, with propriety, to issue the above-named 
document.” With propriety ! 

Matters having come to this point Messrs. Napier 
and Sons placed the matter in the hands of their 
solicitors, who intimated to the ‘Board that in the 
event of their refusal to grant the declaration at the 
i: er time they would hold the Board of Trade 
iable in all damages and penalties which might 
thereby be occasioned. 

The Board in reply referred them to Section 14 
of the Merchant Shipping Act, 1876, as to an ap- 
plication to a court of survey. The builders de- 
clined to appeal to any court of survey, the solicitors 
after giving their reasons saying, ‘‘'They (their 
clients) prefer to retain their right to have recourse 
to a court of law, and as there was a needless loss 
of time by a correspondence in another recent case 
with the Board of ‘Trade, we shall feel obliged by 

our giving us the name of their solicitors in Edin- 

urgh, in order that the requisite action may be 
ready for immediate service in case at the proper 
time the declaration for passengers’ certificate be 
withheld.” 

This settled the matter. The Board gave in and 
ranted the certificate, but the letter in which this 
ecision was conveyed to the solicitors for Messrs. 

Napier is one of the most curious productions we 
have seen for some time. It is made up for the 
most part of weak remonstrance with the people 
who had taken the best means in their power to 
assert their rights, and its tone is certainly more 
suggestive of an elderly female than a depart- 
ment of State. We have too much respect for the 
Board of Trade to publish iv ir extenso, but the 
following is its concluding paragraph. ‘ Under 
these circumstances, and as the Board are advised 
that the ship may be allowed to proceed with her 
present fittings for a short time without danger, 
they have determined to grant a certificate for one 
year, reserving to their officers at Liverpool or else- 
where the right and duty of refusing declarations 
for this vessel after the expiration of a year, unless 
the cast-iron fittings to which objection has been 
taken are removed and replace! with proper 
fittings.” 

When it is stated that twelve months is the longest 
period it is competent for the Board of Trade to 
grant a passenger certificate for, it is scarcely 
necessary to recall the fact that all the other vessels 
of the fleet are similarly fitted, to show how hollow 
and artificial is the attempt to conceal the retreat 
from what should have been observed at first to be 
an untenable position. 

A still more curious part of the story remains 
however to be told. ‘The sister vessel to the Pizarro 
has since been completed, and the Board made 
another attack upon the nerves of the owners, this 





time with more success than in the former vessel, 
and we learn they have at last for peace sake con- 
sented to humour the officials and actually to alter 
the pipes in this last vessel ! 

It is only a short time-ago that Messrs. Denny, of 
Dumbarton, had to appeal to a law court to get 
justice done in the measurement of a number of 
ships having double bottoms. In the matter of 
steel boilers at Messrs. J. Elder and Co.’s an 
equally obstinate and unreasonable course was 
adopted. We shall probably return to the subject 
on a future occasion. 








THE RATING OF MACHINERY. 


A QUESTION involving very important and widely- 
spread interests is now being very warmly discussed 
in the North of England. It is simply whether the 
various parish and similar authorities possess the 
legal right, in assessing the value of engineering 
works and of manufactories, to include machinery, 
or tools, or similar plant, in preparing their esti- 
mates of rateable values for the relief of the 
poor. The importance of this question wiil be 
at once realised, when the enormous value of 
machinery employed in the innumerable industries 
crowding the country, is borne in mind, It might 
have been supposed that the wording of the law 
bearing on this particular point would have been 
too clear to allow of doubt, but so far from this 
being the case, not only discussion, but legal action 
has arisen, and in one recent and important decision, 
judgment was delivered in favour of the overseers 
of Bishopwearmouth, who had instituted proceed- 
ings against a prominent firm of shipbuilders in 
Sunderland, 

The law provides thata rate must be based upon 
‘an estimate of the net annual value of the several 
hereditaments.” ‘This latter word signifies “ an 
hereditary estate,” and implies the existence of a 
landlord, who may have either himself or other 
people as tenants to such estate. For assessment 
purposes it would appear evident that the property 
valued should be the same in one case as the 
otier. As to the amount of assessment it has 
been clearly laid down by the Court of 
Queen’s Bench that the hereditament ‘‘should be 
rated at such a sum as it would let for, and no 
more.” It appears perfectly clear from this that 
the actual cost of the building, &c., has not to be at 
all considered by the assessors, for first cost is no 
guide to actual rental, the changing values of loca- 
tion in cities, or of centres of industry in this 
country, making rental an essentially variable 
quantity. On the other hand, all permanent im- 

rovements or additions made by the landlord to 
increase the value of his property are subject to 
assessment, Thus it is a common practice in some 
parts of the country for an owner to supply power 
and transmission throughout a large building, oc- 
cupied by numerous tenants who possess looms or 
other machinery. It is evident that in such a case 
the value of the rental is greatly augmented ; in fact 
it depends upon the provision of such power, since 
without it the building would be useless for this 
special class of tenants. For all such cases, indeed, 
whenever the landlord lets his premises, the proceed- 
ing is — enough; all permanent fixtures which 
improve the property, and thereby increase rental, 
are assessed, not by direct valuation, but the 
money they earn. But all this is quite independent 
of whatever the tenants may provide for themselves, 
which they bring with them at the commencement, to 
remove at the expiration of their tenancy, or which 
they introduce in the mean time. Such things— 
looms in a mill, agricultural implements in a farm, 
brickmaking machines in a brickworks—are alto- 
gether independent of assessment, and constitute 
plant for carrying on the tenant’s trade. It would 
be as just to tax these as to charge the landlord with 
the assessed value of a tenant’s furniture, which 
might include works of art a hundred times the value 
of the house itself. 

When, therefore, the hereditament is occupied by 
rent-paying tenants, there appears to be little or no 
doubt upon the question ; the difficulty arises when 
the landlord is his own tenant, as is so commonly 
the case with the larger manufacturers, It is the 
case of Laing v. the Overseers of Bishopwearmouth 
which has caused so much uneasiness among owners, 
and which has led to the formation of the National 
Association of Factory Owners for mutual protec- 
tion. In this case an assessment was made of the 
shipbuilding yards ew ae! to the plaintiff, in 
which the value of all the plant and machinery, 





whether fixed or not, was estimated, and a per- 
centage charged upon the whole. The injustice of 
such a proceeding must be evident, and it could 
never have occurred had the plaintiff been tenant 
only instead of landlord also; for the law only 
recognises a rate based on ‘an estimate of the net 
annual value of the several hereditaments.” The 
dispute naturally arising out of this proceeding was 
taken to the Court of Queen’s Bench to be decided 
as a question of law, the statements laid before the 
Court being taken as facts. In hearing the case 
the Lord Chief Justice pointed out that it turned 
entirely upon whether “the things which are 
the subject matter of dispute are attached to 
the freehold so as actually to form a part 
of the freehold, in deference to the principle 
there (in a previous case) laid down, or are they 
merely so affixed to the freehold as to be used for 
temporary ay: or for the purpose of steady- 
ing them.’ he latter was evidently—with the 
exception of boilers, fixed engines, &c.—the case, 
but unfortunately it was stated in the plain- 
tiff’s case, that this machinery was intended to be 
permanently used.” As the question of law only 
was being discussed, this palpable absurdity upset 
the plaintiff's case, and Laing v. the Overseers 
of Bishopwearmouth has become the precedent 
which alarms the factory owners of. the North. 
Now in a previous case, conducted on the part of the 
plaintiffs with more judgment, a totally opposite 
result followed. In this case, which had been tried 
at the Quarter Sessions before being brought to the 
Queen’s Bench, the Lord Chief Justice said: ‘‘ This 
case appears to me to be a perfectly plain one. It 
is quite clear that you cannot rate chattels as such, 
and it is equally clear that the machines now in 
question, the value of which it is sought to add to 
the rateable value of the house for the purpose of 
assessment, are chattels. ‘They are not in any way 
attached to the freehold ; they are fastened to it, it is 
true, but they are not in any way affixed to it so as 
to make them part and parcel of the freehold.” 
Several other cases might be given in which a 
similar ruling was made, and which doubtless would 
have been repeated in the case of Laing had the 
word ‘‘ permanent,” than which no more unsuitable 
and ill-chosen word could be selected, have been 
left out. 

Taking the common-sense view of the question, 
together with the clear opinion of the Lord Chief 
Justice, we think that the National Association of 
Factory Owners is alarming itself prematurely and 
unnecessarily. Doubtless, considerable trouble and 
great annoyance may result, for the victory thus 
accidentally gained by parochial authority, may well 
encourage great but misplaced activity throughout 
Bumbledom. The reader ‘who is interested to 
inquire further into this question we refer to a well- 
written pamphlet by J. Potts, of Sunderland, entitled 
‘*¢ Remarks on the Assessment of Rateable Value on 
Hereditaments containing Machinery.” 








THE SANITARY EXHIBITION. 

In our issues of this day fortnight, a résumé was 
given of the papers and addresses that were read 
at the meeting of the Sanitary Institute at Croydon. 
The Exhibition of Sanitary Apparatus closed on 
Saturday last, when addresses were given to a large 
audience on what we may term popular sanitation. 
Dr. Richardson took up the subject of “* Health and 
Home.” Commencing his observations by saying 
that ‘* There is no place like home,” he called atten- 
tion to the requisites of healthy houses, especially 
urging that they should be well lighted. Light is 
essential to moral, mental, and physical vigour. In 
regard to rest, he combated the generally received 
doctrine of abbreviating the period of sleep, show- 
ing that while during summer the body is refreshed 
at night in a comparatively short period, an extended 
sleep in winter is desirable, e dealt with an 
hitherto greatly neglected subject—beds and 
bedclothes. It seems to us that this is a point 
of sanitation of the utmost importance. If a census 
were taken of the age of beds, &c., in London alone, 
it would appear that even in the best houses the 
beds, in most cases, have been in use for years ; and 
as regards the poorer classes there might be found 
numerous cases in which beds have been used for 
two or three generations, perpetually slept on, 
occasionally pawned, and, consequently, in a sani- 
tary point of view, becoming daily a stagnant pon: 
of zymotic propagation. We would suggest to Dr. 
Richardson, therefore, a further prosecution of his 
endeavours in regard to sanitary reforms in our 
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beds and bedclothes, He strongly urged the use of 
the bath, and the necessity of thorough ventilation, 
together with a complete cleansing of the house 
once a year. Onthis point our Hebrew brethren 
set us an example, and we remember, several years 
ago, during the visitation of cholera, the Jewish 
community was remarkably free from the epidemic, 
thanks to the cleanliness, personal and domestic, en- 
forced by their laws. 

Papers by Mr. Chadwick, C.B., ‘‘ On Health of 
the Young;” by Professor de Chaumont, ‘ On 
Health and Good Food,” were read. Professor 
Corfield gave an address ‘“‘On Mistakes about 
Health,” from infancy to old age, in which many 
valuable hints were given. Mr, Symons drew at- 
tention to the relations which subsist between 
health and good water; and Dr. Carpenter spoke 
on the lessons taught by the Exhibition. 

In regard to the Exhibition, it seems to have been 
the most complete of its kind that has been at- 
tempted. We understand that the total of awards 
for excellence amounts to about seventy, a list of 
which, read by Major M‘Coy on the part of the 
judges last Saturday evening, we shall briefly draw 
attention to when printed. 

The variety of subjects is so great that we can 
only select a few objects of interest. It is very 
much to be desired that such an exhibition could be 
made permanent, as almost every imaginable inven- 
tion for improved house sanitation was the subject 
of illustration. Among the largest exhibitors of 
pottery-ware were Messrs. H. Doulton, who showed 
sanitary pottery, water-closets, urinals, baths, lava- 
tories, &c. Of a similar class were the exhibits of 
Messrs. Beard, Dent, and Co. Mr. Howard, of 
Upper Baker-street, showed an improved lid and 
automatic flusher for water-closets, and Mr. George 
Jennings maintained his sanitary reputation by 
urinals, closets, &c., and various sanitary fittings. 
Filtering apparatus for water was well illustrated, 
as were also arrangements for ventilating sewers, 
and preventing the escape of sewage gas into houses, 
although here we may remark that, to alarge extent 
in inventions of this kind, the fact that however 
much clean water may be sent down a closet, it 
will gradually, if left as a trap, dissolve gases, es- 
pecially during the night. In fact, there is no 
means of preventing the influx of sewer gas except 
constant flushing and constant ventilation, Gra- 
dually we are arriving at this point, and conse- 
quently tending to dimiuish one of the great causes 
of the propagation of zymotic diseases. 

Among the exhibits those of an architectural and 
engineering character were frequently of great in- 
terest. Window sashes, frames, and fastenings, 
sadly defective in most London houses, were shown 
on improved plans. Ventilators, syphons, and 
foul-air extractors were exhibited by the Patent 
Tube Company. Improved stoves for heating pur- 
poses were shown ; Messrs. Stiff and Son, of Lam- 
beth, exhibited ventilating bricks, chimneys, cowls, 
&e. There were exhibits of terra-cotta, &c., for 
ornamental purposes, together with several well- 
selected specimens of artificial stone and modes 
of protecting stone from atmospheric action. The 
uses of concrete for building purposes were well 
illustrated. The Silicate Paint Company showed 
specimens of their non-poisonous paints and per- 
manent whites. 

Taken as a whole the Exhibition cannot fail to 
have an important bearing on future sanitation. It 
has exposed many errors and provided many 
remedies. It has been alike useful to the architect, 
the engineer, and the householder. 'The papers read 
have been of the most practical character, and 
generally devoid of technical difficulties to the un- 
learned in such subjects. The Sanitary Institute 
held great objects in view, and they are entitled 
to claim a very large amount of credit in fulfilling 
promises by practice. Short as their existence has 
been, it has tirmly caught hold of public attention, 
simply because the right way to do the right thing 
has been chosen as a guide. The only suggestion 
that we would make is that in future exhibitions of 
the kind, a little more system of arrangement should 
be carried out. We know the difficulty that exists in 
these attempts, but it would be a great boon to 
many to be able to go at once to a department to 
see specific objects, rather than to have to travel 
through a series of stands to gather, piecemeal, what 
they require in the way of information. 








Dercos Lakz WatTER.—The concesthohaires of the 
Dercos Lake Water Works have obtained an extension of 
time for carrying out their project. f 





THE TELEGRAPH IN CHINA. 

Tue first land line constructed in China was the 
Woosung-Shanghai line, 10 miles in length; it was 
constructed by the Great Northern Telegraph Com- 
pany in August, 1873, and still remains in their 

ossession. But, the first line built for the Chinese 
yovernment was that which connects Foochow city 
with its arsenal at Pagoda Anchorage. This line, 
which is 12 miles in length, was erected for the 
Chinese Government by the Great Northern Tele- 
graph Company in June, 1874, during the threat- 
ened outbreak of hostilities between China and 
Japan. In 1874 the Great Northern Telegraph 
Company obtained the permission of the provincial 
authorities to constructanother line between Foochow 
and Amoy, a distance of 150 miles; work on this 
line was commenced on the Ist of October of the 
same year, but after having erected about 30 miles 
of it, it had to be abandoned, owing to the literati 
having incited the people to attack the operatives 
and destroy the line as fast as it was put up. In 
1875 the provincial authorities requested the Great 
Northern Telegraph Company to erect the line 
under a contract; this the company agreed to do, 
and on the 15th of August, 1875, this line was com- 
menced for the second time. The fact of its now 
being constructed at the request and expense of the 
provincial authorities induced every one to think 
that no difficulties would be encountered this time, 
but the provincial authorities had to acknow- 
ledge that they could not maintain their authority 
over the districts through which the line was to 
pass, for after having got about 50 miles of the line 
erected, the /iterati again interposed, this time with 
the “‘ Fung-Shin” or ‘Land and Water” superstition, 
and the line had again to be abandoned, but not be- 
fore several very determined but ineffectual attempts 
to carry it out had been made by the company’s 
operators and their energetic superintendent, Mr. J. 

enningsen. ‘The material, instruments, poles, &c., 
were then handed over to the authorities, and the 
company paid for all the expense they had been put 
too. At the request of the Chinese Government, 
Mr. J. Henningsen started a school of telegraphy at 
Foochow in April, 1876, and this remained under 
his supervision till April, 1877, when he gave it 
over entirely to the Chinese on his departure from 
Foochow, he having been promoted to the superin- 
tendence of the more important office at Amoy. 

Mr. Henningsen found the Chinese pupils placed 
under his care to be a very intelligent lot of young 
men, who rapidly acquired sufficient experience to be 
able to work the Foochow Arsenal line without any 
foreign aid. During the summer of 1877 the Go- 
vernment sent material, &c., from Foochow to Tai- 
wan-foo in south-west Formosa, and here a line 
was constructed by the Foochow pupils, between 
the ports of Tai-wan-foo and Taknow, a distance of 
35 miles. ‘This line was erected entirely by the 
Chinese, and reflects great credit on them ; it is the 
longest laud line in the empire. ‘This line is now in 
full operation ; in fact, it has been so since December, 
1877. Towards the close of last year in October, 
1878, some of the European residents in Tai-wan-foo 
and ‘T'akow obtained a set of telephones, and with the 
permission of the Chinese authorities, connected 
them to the wires, and established telephonic com- 
munication between the two ports. So great was 
the success of these instruments that the Chinese 
readily bought them, and now the telephone is in 
daily use on this line. The high pitch of the Chinese 
voice seems to suit the telephone much better than 
the ordinary pitch of the European voice, These 
telephones are a source of wonder and astonishment 
to numerous educated Chinese visitors, ‘There is yet 
another line which was erected some time in 1877-8 
by a Mr. Betts, at Tientsin. [t connects the residence 
of Li-hung-chang, Viceroy of Chih-li, with the 
Tientsin Arsenal, and is about 7 miles in length. 
Some of the Foochow pupils are employed on this 
line also, and Mr. Betts has a school of telegraphy, 
&c., in connexion with it, 


THE LATE PROFESSOR CLERK- 
MAXWELL. 

Tue news of Professor Maxwell's death came with 
a sudden shock to many who are familiar with his 
name, for he was not an old man, he was in the prime 
of life, and great things were yet expected of him. 
Although it was not generally known, he had been 
ill for several weeks before he succumbed to his 
disease on November 5, at his residence in Scroope- 
terrace, Cambridge, James Clerk-Maxwell was a 
Scotchman by birth, having been born at Edinburgh 











in 1831, a time when the northern metropolis, in 
virtue of its magnificent site, and the cluster of 
famous men who dwelt there, earned for itself the 
proud title of the ‘* Modern Athens.” After being 
schooled at Edinburgh, a city still celebrated for 
its educational institutions, he was entered as an 
undergraduate of Trinity College, Cambridge, in 
1850. Here he pursued his studies with so much 
success that at the end of four years he graduated 
as Bachelor of Arts and Second Wrangler. Mere 
mechanical expertness in writing, and sheer book- 
work, form so large an element in the tests for 
the Mathematical 'Tripos, that it frequently happens 
that the student of most original mathematical 
teed is beaten in the competition by a far shallower 

ut readier man, 'A notable instance of this 
occurred when Sir William Thomson lost the 
Senior Wranglership to Dr. Parkinson; who in the 
estimation of the examiners was a man of far less 
ability and promise than Sir William, but who has 
nevertheless achieved a wide reputation. The Smith 
prize, however, which is a kind of consolation stakes, 
offers an excellent chance for native mathematical 
ability to display itself, and turn the tables on the 
well.drilled plodder. Hence it was that Sir William 
Thomson carried off the Smith prize from Parkinson, 
and Clerk-Maxwell was declared co-equal with Mr, 
E. J. Routh, the senior wrangler of the year. 

In October, 1855, Maxwell was elected to a fellow- 
ship of his college, and in the following year he was 
appointed Professor of Natural Philosophy in the 

arischal College, Aberdeen, Here he remained 
until 1860, when he was called to King’s College, 
London, as the Professor of Experimental Physics, 
a post now occupied by Professor W. G. Adams. 

Many of our readers are probably aware that the 
regulations for the Cambridge Mathematical Tripos 
were revised in 1868, and that the important 
subjects of heat, electricity, and magnetism were 
introduced for the first time, This step having 
been taken it became necessary to provide for the 
efficient teaching of the subjects in question, and 
accordingly, ¥ a decree of the Senate of the Uni- 
versity dated February 9, 1871, it was resolved to 
establish a Professurship of Experimental Physics ; 
the principal duty of the professor being to teach 
and illustrate by experiment the laws of heat, 
electricity, and magnetism, to apply himself to the 
advancement of the knowledge of these branches, 
and to promote their study in the University. 
Professor Clerk-Maxwell, who had given copious 
proof of his mathematical genius and general ability 
to fill this ollice, was unanimously elected to the 
new chair, and delivered his inaugural address on 
October 25, 1871. ‘‘For the last eight years,” 
says a writer well qualified to express an opinion, 
‘¢ Professor Maxwell has laboured assiduously both 
in term and vacation to carry out the objects of 
the professorship, and has succeeded in attracting 
an unusual number of earnest students, many of 
whom have highly distinguished themselves in the 
Mathematical ‘Tripos.” Through the munificence of 
the Duke of Devonshire, the professor's means of 
instruction were largely supplemented by the erec- 
tion and equipment of the Cavendish Laboratory, 
which is one of the finest of its kind in the world. 
By a singular ey the said professorshi; 
terminates by the death of Professor Maxwell, 
unless, as is highly probable, the University 
authorities shall decide to continue it, 

Professor Maxwell's feats as a mathematician 
early procured him a fellowship of the Royal 
Society. In 1857 he took the Adams prize at 
Cambridge for an essay on the ‘‘ Motions of Saturn’s 
Rings,” and, as if to prove his powers of experi- 
mental investigation, he also carried off the Hopkins 
prize given for an original research. His original 
papers on mathematical and physical subjects are 
chiefly to be found in the Transactions of the Royal 
Society, the Transactions of the London Mathe- 
matical Society, and the Cambridge Philosophical 
Society, as well as the Cambridge and Dublin 
Mathematical Journal. His great work is the 
well-known ‘‘ Treatise on Electricity,” first published 
in 1873 in two volumes by the Clarendon Press, 
Since then it has maintained its place at the head 
of electrical literature. Another less important 
work, equally admirable in it way, is ‘‘ ‘The Theory 
of Heat,” which has through four editions, 
and more elementary, though of great value, is his 
little book entitled ‘‘ Matter and Motion.” This 
volume is introductory to the study of physical 
science, and much better than many tious 
works, does it “ guide the current of thought along 
the channels of strict dynamical reasoning.” 
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He has been President of the Cambridge Philo- 
sophical Society, and of the Physical Section of the 
British Association. He was an Honorary Fellow 
of Trinity College, Cambridge, a rare distinction 
now shared by the Poet Laureate, the Astronomer 
Royal, and a few more eminent men. 

‘As we can only judge of a man’s powers with 
safety by having regard to his actual work, it would 
appear that Clerk-Maxwell was at his strongest as a 
mathematician, or rather as a mathematical physicist. 
He belonged to the school of Sir William Thomson, 
together with the late : yr mg Rankine, Dr. 
Joule, Professor Tait, and others. The principal 
labour of these physicists is to apply mathematical 
reasoning to experimental data, in order to arrive 
at general laws; and their favourite study is mole- 
cular physics. Maxwell was one of the most promis- 
ing and honoured of these molecularists. His device 
of the ‘‘ sorting demon” will be remembered as long 
as the kinetic theory of gases will be studied. By 
his colleagues he was deemed a star of the first 
magnitude yet to shine forth in full splendour ; but 
alas! for these hopes, the star of the future has 
untimely faded into star mist. Much was expected 
from Clerk-Maxwell which can never now be 
realised; and his premature death is not only a 
severe loss to the educational staff of his University, 
but to the molecular science of the world. 

Professor Maxwell was a consummate writer. 
Whether we scan his large ‘“‘ Treatise on Electri- 
city,” his small book on “‘ The Theory of Heat,” his 
famous British Association discourse on ‘‘ Molecules,” 
or his ‘* Rede” lecture on the ‘‘ Telephone” delivered 
last year, we shall have to confess that his literary 
workmanship is exquisite. The arrangement is 
uniformly excellent, and the style is lucid, brief, 
and forcible, the perfection of purely scientific writ- 
ing. Each of his short, clear paragraphs is com- 
plete in itself, but so fitted into the whole, that to 
detach it, or even a single sentence of it, would be 
to mar the entire test. Like a perfect crystal no 
part of the writing can be spared without producing 
mutilation. Nor are these scientific efforts the only 
fruits of his active pen ; for his rich fund of native 
humour was always overflowing either in conversa- 
tion or in mathematico-poetical squibs, or physio- 
comic arene of admired stanzas. These effusions 
generally appeared in our contemporary Na/ure over 


the inscrutable signature rd , and some of them are 


extremely clever, as, for example, his ‘ Electrical 
Valentine.” Such literary trifles indicate the sprightly 
reaction of a fertile brain from its severer studies, 
and we may remark here, in passing, that the iate 
Professor Rankine composed in his leisure moments 
some capital songs and verses, which are now pub- 
lished in a small volume by Messrs. Maclehose, of 
Glasgow. Itis to be hoped that Professor Max- 
well’s lighter pieces will ake be collected and given 
to the world in some cheap form. 

One of the latest issues of Professor Maxwell’s 
pen was a review of ‘ Paradoxical Philosophy,” the 
sequel to that remarkable work, the ‘‘ Unseen 
Universe.” In discussing the immemorial problem 
What is the soul? the professor writes, ‘‘ No new 
discoveries can make the argument against the 
personal existence of man after death any stronger 
than it has appeared to be ever since men began to 
die, and no language can express it more forcibly 
than the words of the Psalmist: ‘His breath 
goeth forth, he returneth to his earth ; in that very 
day his thoughts perish.’ ... Science has com- 
pelled us to admit that that which distinguishes a 
living body from a dead one is neither a material 
thing, nor that more refined entity, ‘a form of 
energy.’ There are methods, however, by which the 
application of energy may be directed without inter- 
fering with its amount. Is the soul like the engine. 
driver, who does not draw the train himself, but, 
by means of certain valves, direc.s the course of the 
steam so as to drive the engine forward or back- 
ward, or to stop it.” We quote these words, at the 
risk of being prolix, because there is a solemnity in 
the thought that the mind which thus asked itself 
the great riddle in vain, was so soon to solve it. 








WATER GAS. 

Tue production of a cheap and efficient gas for 
illuminating purposes as well as for fuel, is a problem 
of high interest especially in the United States, where 
gas manufacture is too frequently a monopoly, at- 
tended with the natural result of high price and 
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bad quality. Of the many processes that have been 
suggested for accomplishing this end, one appears 
to be attracting considerable interest in America, 
and also in Sweden, where some ipteresting experi- 
ments have recently been conducted, This is known 
as the Lowe and Strong gas process, which is now 
being worked by the American Gas, Fuel, and Light 
Company, of New York. Whatever may be the 
ultimate development of the process, what has 
already been done is of sufficient importance to call 
for some notice. The mode of manufacturing the 
lighting gas is simple, and the apparatus is shown 
above in Fig. 1. It consists of two brick chambers, 
a and ¢, the former being called the generator, and 
the latter the superheater. The two are connected 
by a pipe / passing from the top of the generator to 
the bottom of the superheater, which is nearly filled 
with loose firebrick. From the top of the superheater 
a pipe passes the gas when produced, to the purifiers, 
the positions of which are indicated. The mode of 
production is as follows: The generator is charged 
with anthracite, broken to a large egg size, through 
the opening p in the top, which is then closed, and 
the mass is fired with the aid of an air blast under 
the grate, the gases passing off to the bottom of the 
superheater, which is formed as a combustion 
chamber, the roof of which is arched and perforated. 
Into this chamber an air blast is also introduced, 
and intense combustion ensues, the gases passing 
through the mass of loose brickwork which are 
brought up to a white heat, by the time the body 
of coal in the generator is cherry red. The valve 4 
at the top of the superheater is then closed, the 
blast is discontinued, and the operation of gas 
making begins, Superheated steam is blown into 
the mass of red coals in the generator and becomes 
decomposed, and at the same time small streams of 
crude petroleum flow upon the top of the coal, 
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evaporating and mixing witb the ascending gases of 
the decomposed steam, and passing together to the 
bottom of the superheater flow upwards through 
the mass of white hot brick, to be discharged into 
the washer. This superheating action completes the 
production of the gas, and at the same time arrests 
any small particles of carbon that may be carried 
over, As soon as the heat falls too low for proper 
admixture, the supplies of steam and hydro-carbon 
are stopped, a little more coal is added to the 
generator, the blast is again turned on, and the 
process is recommenced. 

The method of producing the fuel gas is somewhat 
different, and the apparatus is shown in Fig. 2. 
The generator, of which two views are given, is 
charged with coal or coke, and fired by a blast ad- 
mitted beneath the water grate W. The ascending 
gases pass through an opening near the top into the 
first superheating chamber, which is filled with loose 
set firebrick ; the air descending through a grat- 
ing ignites the gases which pass down the first 
and up the second chamber, escaping through the 
opening Y, which can be closed by a valve. By the 
time the coal in the generator is red, the heating 
chamber is at a white heat. The air blast is then 
shut off, the valve Y is closed, and steam is admitted 
just beneath it. This steam becoming decomposed 
and intensely heated, flows down the second and up 
the first heating chamber into the generator, when 
it is met at V by a shower of coal dust ground to an 
impalpable powder, and fed from the bopper Z by 
an Archimedean screw. The coal dust is instantly 
distilled on coming in contact with the gases of the 
decomposed steam, an intimate combination takes 
place, and the mixture descending through the mass 
of heated coal passes out intoa hydraulic main. — 

‘The method of making lighting gas, as described 
above, appears to be successfully introduced in 
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many American cities, in some instances on quite a 
large scale ; amongst others we may mention Lan- 
caster and Scranton, in Pennsylvania ; Baltimore, 
where nearly 1,000,000 cubic feet a day are made and 
distributed through 55 miles of mains; N ewburgh, 
New York; and Patterson, New Jersey. Experi- 
mental works were also established on a large scale 
in Philadelphia, but these failed through, it is stated, 
the unfair opposition of vested interests. As to the 
quality of gas produced, we may refer to one of several 























reports made by Professor H. Wurtz, of Hoboken, on 
the works established at Manayunk, His investiga- 
tion was made on the product of one day’s working, 
183,000 cubic feet. To produce this, 9843 lb. of 
anthracite, equal to 51 lb. per 1000 ft. of gas, 
was used, ———— a product of 441,000 ft. 
of gas per ton (2240 lb.) Naphtha of a specific 
gravity of .70, instead of crude petroleum, was em- 
ployed to the extent of 791 gallons, or 4.1{ gallons 
per 1000. Anilluminating power of 20.006 candles 





was obtained, but as the purification was imperfect, a 
higher standard could not be reached. The follow- 
ing is Dr. Wurtz’s analysis of the gas: 





Sulphuretted hydrogen... 44 
Oey nic acid .,. Ae - = 

gen ... eee eee . . 
Carbonic oxide... . 20.04 
Olefiant gas... .. aa 
Hydrogen - 69.04 
100.00 


At Baltimore, where the process has been more 
fully developed, the same observer found a photo- 
metric value of 22 candles, with a consumption of 5jft. 
per hour, and no traces existed of carbonic acid, 
sulphuretted hydrogen, or ammonia. The extreme 
variations in density were less than one per cent, 
The cost of gas in the United States is so high that 
the public appears to be well pleased with the charges 
made for the so-called water gas. Yet these are 
enormous, For instance, at Clyde, New York, 
3 dols. pe 1000 are charged; at Kingston, Canada, 
2.90 dols; at Lancaster, Pennsylvania, 2 dols.; and 
at Baltimore, 1.90 dols. At this latter place, indeed, 
the price is higher by 40 cents than the reduced 
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charge of the gas company, but a large number of 
the public appears to prefer the dearer but better 
light. 

Wr regards the fuel gas itis claimed that 50,000 ft. 

er ton of coal can be made, including the dust ‘fed 
into the generator, and the fuel employed for pro- 
ducing the steam, which is equal to 25 or 30 per cent. 
of the whole. The latest information on this subject 
is contained in a report of the experiments conducted 
recently in Stockholm. In the furnaces erected 
there, peat powder instead of coal dust was used 
with good effect. It is stated that without the use 
of any dust, the combustion of 43.9 lb. of coke in 
the furnace produced 1000 ft. of fuel gas, and it was 
found that each pound of peat powder added, pro- 
duced 7.8 cubic feet of gas. Comparative experi- 
ments were made with the gas from a Siemens re- 
generator which produced 55.12 and 14.7 cubic feet 
of gas from one pound of coke and peat respectively, 
the product per ton of fuel, including ordinary coal 
gas, being as follows : 


ft. 
Ordinary coal gas per ton ass ad 10,000 
Siemens’ regenerator (coke and peat)... 123,468 
Water gas .. 56,000 


But according to one of the Swedish reporters the 
heating values were respectively in the proportion 
of 344, 174, and 55, representing a value of 22, 43, 
and 63 per cent. of the total heating power of the 
fuel, but in this comparison the value of the coke 
residium from the gas produced is not taken into 
consideration. We give these figures as they are 
contained in the report, merely remarking that they 
are confirmed by Mr. C. A. Dellwik, Director of the 
Swedish Iron Masters’ Association, 

LITERATURE. 
—_ 

Probirbuch, Kurzgefasste Anleitung zur docimastischen 
Untersuchung von Erzen, Hiitten und anderen Kunst- 
producten auf trockenem und nassem Wege, von BRUNO 
Kerwu. Leipzig: Arthur Felix. 

Tue name of Professor Bruno Kerl has been familiar 

to chemists and metallurgists for a number of years 

as the author of various works on kindred subjects, 
and as a large contributor to Muspratt’s ‘‘ Encyclo- 
peedia of Technology.” This, the latest of his produc- 
tions, treating, as it does, on the different methods 
of assay, either by the dry or wet process, will 
be welcomed by a large number of students and 
practical chemists. The little book contains about 

150 pages, and in a highly concentrated form, ma- 

terial extending over a vast area, treating, with the 

exception of iron, on all important minerals and 
mining products, and enumerating the different 
methods practically sor pt en for chemical analysis. 

The more experienced experimenter will find Pro- 
fessor Kerl’s book useful for reference, and a good 
practical guide to analysis, whereas to the student 
it gives all ——- connected with metallurgical 
analysis in the most condensed form, but sufficient 
to render him valuable aid in the leading features of 
the work before him, while for more detailed infor- 
mation Professor Kerl gives numerous quotations of 
works, dealing on the subject in a more complete 
manner, several of these works being by Professor 
Kerl himself, For use in college these references 
will also greatly assist the teacher, and enable him, 
without much trouble, to make himself thoroughly 
acquainted with the numerous different processes 
mentioned. ‘The little volume is divided into three 
parts, the first of which gives general information 
about the way of selecting materials suitable for 
metallurgical analysis, a matter of considerable im- 
portance, since minerals from the same mine vary 
very materially in composition; later on are de- 
ascribed in a manner somewhat more detailed than 
appears consistent with the general scheme of the 
book, the various apparatus and instruments neces- 
sary for analytical investigation. 

In the body of the book the author treats on all 
the important metallurgical elements with the 
exception of iron, on which subject he pub- 
lished a very complete and extensive work some 
years ago. In this portion especially, the language 
of the author is remarkably concise to the frequent 
sacrifice of clearness, and occasionally of grammar. 
But to the commendable fact that only really 
practical methods of analysing are given, and to the 
use of this abbreviated language it is chiefly due, 
that the author was enabled to condense so large a 
quantity of material into so small a compass. 
Manganese, which plays so important a part in 
industry, is treated more briefly than might be 
desirable for special cases. Considerable space 














is devoted to galvanic tests, which have of 
late greatly increased in favour for such metals as 
copper, zinc, nickel, cobalt, &c., and the latest tests 
for numerous metals of which we can here quote but 
few, such as phosphate of soda for nickel, Volhand- 
Rhodan test for silver, Schober’s and Schuffner- 
Brunnlechner’s volumetric tests for zinc, fully prove 
that'the author has taken pains to complete his work 
well up to date. 

The third and supplementary part of the book 
contains several valuable Tables, not only useful to 
the analyst, but also to the metallurgist and manu- 
facturer, of which we will only mention Tables of 
melting points of metals and mining products in 
general by Erhand and Schertel. 

Good illustrations and large clear type add materi- 
ally to the value of this handbook, and we have no 
doubt that it will be appreciated by professional 
men as well as by students of metallurgical analysis. 
Unless well translated, however, its value to English 
students must suffer from the cause already indicated 
—want of clearness. 





Bells and Bellfounding ; a Practical Treatise upon Church 
Bells. By Jonn LLEWELLIN, Jun. Bristol: 
Arrowsmith. 

Messrs. Lilewellin and James, bell - founders of 

Bristol, have recently published a well-printed little 

book containing many useful hints on the art 

of founding, tuning, and hanging bells, also a 

well-written chapter on sound in its relationship to 

bells, and some interesting data on the arrangement 
of peals, and on historical bells. The chapter on 
sound calls for no special comment, unless we except 

a mode devised by the author for tuning bells. e 

employs a set of tuning-forks provided with slides, 

so that a range of notes may be produced. One of the 
forks is adjusted in unison with the harmonicexpected 
in the bell, and if the adjustment be correct when 
the vibrating fork is placed in contact with the bell, 
the latter almost immediately emits a tone of the 
same pitch, but much louder than the fork. If the 
latter be not exactly in unison, the bell will give out 
fainter and intermittent tones. Among the old bell- 
founders who made their names famous, the author 
mentions specially the Purdues of Salisbury, the 

Rudhalls of Gloucester, and Lester Park and 

Chapman, who were the founders of the Bow bells. 

The Rudhall family were famous in the reign of 

Henry VIII., and they continued in the business 

till about fifty years ago, the middle of-a period 

when the art of bell-founding had fallen into 
much neglect, to be revived greatly about 
twenty years since. The credit of this revival 
is claimed in a large measure by the writer, for 

Sir Edmund Beckett, the author of ‘ Clocks, 

Watches, and Bells,” and also for the Rev. H. T. 

Ellacombe, who introduced some important im- 

provements. With regard to ancient bells the 

author states that iS is doubtful if the best ones can 
be now surpassed, but a very large number are 

quite inferior, the inequality being probably due to a 

want of certain knowledge as to the best mixtures, 

and most advantageous distribution of metal. The ex- 
cellence of a bell is determined by: 1. Its pro- 
portional thickness. 2. Its shape. 3. Its alloy; 
and 4, Its quality as a casting. ‘‘ Proportional thick- 
ness,” is explained as the proportion which the 
thickness of the sound bow bears to the diameter of 
the mouth, which latter is taken as the unit of 
measurement throughout. The thickness of the 
sound bow ranges between one-fifteenth and one- 
tenth of the diameter. In large bells the former 
proportion is too low, and some of the most suc- 
cessful results have been obtained with a thickness 
equal to one-thirteenth, such as the great bell of 

Bow, which is 64} in. in diameter and weighs 53 cwt. 

As to the form, a bell should not exceed three-fourths 

of its diameter in height, and its inside diameter 

at the shoulder should be one-half that at the mouth. 

The bronze used by bell-founders is made only of 

tin and copper, the proportions ranging between 20 

per cent, of tin and 80 per cent. of copper and 25 

per cent. and 75 cent. per respectively. Sir E. Beckett 

recommends a proportion of 23} and 764 per cent., 
as the best for strength, fluid casting, and subsequent 
purity of tone. With regard to casting, the author 
points out that considerable difficulty exists in pro- 
ducing a perfect result owing to casting in loam or 
sand, but the requisite tone can usually be produced, 

— the weight, proportion, and alloy to be 

correct, by tuning, which is effected by cutting away 

the lip of the bell for sharpness, and for flattening 
by reducing the thickness of the sound bow, which 
is done in a boring machine. 


We may pass over the chapters on hanging bells 
and arranging peals with the remark that though 
short they are extremely practical, and contain much 
information in a few clear words, and give a passing 
glance at the concluding chapter, which contains 
some information on the cathedral bells of Bristol. 
First in the list is the peal of eight bellsin St. Mary 
Redcliffe, the earliest cast by Purdue in 1622, and 
the latest by Mears and Stainbank in 1872. The 
cathedral has four bells, all old, two dating from 
1500, one much earlier than this, and the fourth 
from 1672. The church of St. James, built in 1134, 
has ten bells, of which eight were originally cast by 
Rudhall in 1755, and subsequently re-cast, two 
others being added in 1866. The bells of Christ 
Church were commenced by the Rudhall family in 
1716, and finished in 1789 by the addition of two 
others. A number of other peals are mentioned by 
the author, sufficient to remind the readers that 
Bristol is unusually rich both in churches and in 
bells. We should not conclude the notice of this 
excellent little book without a word of praise to the 
= for the style in which it has been pro- 
duced. 


* | Tables of Metric Measures and their English Equivalents. 


By G. M. Borns. London: Offices of ENGINEERING. 
The usefulness of a complete and convenient series 
of Tables of this class, has been clearly shown by the 
large demand of Brooke’s ‘“‘ French Measures and 
English Equivalents,” a little work which has run 
through a number of editions. But beyond reduc- 
ing the metre divided into thousandths, and giving 
the English equivalents of metres from 1 to 100, 
Brookes attempted but little. The author of the 
series of Tables we now review has gone far 
beyond this, and by just so much more will his work 
be valuable. The book contains twenty Tables, 
each, with the exception of Table II., which would 
have been better placed first, containing some series 
of metrical values and their English equivalents. 
The list is as follows: 1. Metres reduced to feet 
and inches. 2. Decimals of an inch in common 
fractions. 3. Millimetres to inches, 4. Kilometres 
to miles. 5. Square metres to square feet, 
6. Square centimetres to square inches. 7. 
Hectares to acres. 8. Cubic-metres to cubic 
feet. 9. Kilogrammes to pounds, 10. Kilogrammes 
per metre to pounds per foot. 11. Kilogrammes per 
square metre to pounds per square foot. 12. Kilo- 
gramme-metres to foot-pounds. 13. Kilogrammes 
per square centimetre to pounds per square inch. 
14. Kilogrammes per square millimetre to tons per 
square inch. 15. Francs and centimes to shillings 
and pence. 16. Centimes per kilometre to shillings 
and pence per mile. 17. Francs per metre to 
shillings per foot. 18. Francs per kilogramme to 
shillings per pound. 19. Degrees Celsius to degrees 
Fahrenheit. 20. Miscellaneous equivalents carried 
to five places of decimals. This list, it will be seen, 
is sufficiently comprehensive to include most of the 
requirements of the engineer who has to do with 
the translation of values from one standard to the 
other, but doubtless many other additional tables 
will suggest themselves to the author as being 
worth appending to subsequent editions. The tables 
are extremely well printed, and arranged so that 
none of them occupy more than two pages, such being 
in each case opposite each other, an arrangement 
which avoids the inconyenience of turning over anum- 
ber of leaves in making a series of reductions. We 
cordially recommend this little work not only to 
engineers and contractors who have to do with the 
metric system, but also to merchants, to whom it 
will frequently be found of great value. 








THE ANTWERP IMPROVEMENT WORKS. 

WE publish on the preceding page some further illustra- 
tions of the Antwerp Improvement Works now in course 
of progress. Of these Figs. 15 to 23 illustrate the con- 
struction of the quay wall, and Figs. 24 to 29 are engines 
and air compressors employed for the pneumatic founda~ 
tions. We defer any detailed description of this part of 
the work till the publication of further drawings. 





SPEED CURVES. 
To THE EDITOR OF ENGINEERING. 

Srr,—In your last week’s issue, your correspondent, H. 
M. Rounthwaite, commenting on speed curves, concludes 
with recommending the construction of a simple form of 
thrust dynamometer. During about eight months’ service 
in the s.s. Cohanim I have very often measured the thrust 
of the propeller, and as the operations are. very simple, I 
trust you a = space in _ Turple descrip- 
tion, preced an explanati e es. 

To find the 4 measure the work which is lost per 








thrust, 1 is lo 
minute through friction in the thrust-block. It is evidently 
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equal to — by coefficient of friction by speed of rings 
t 


on shaft. 

L=the above loss. 

P=thrust in pounds. 

Q=coefficient of friction. 

D n t=speed of rings. 

D=mean diameter of rings. 

n=number of revolutions of engine. 
Then L=P.?.D.n.7. 


This loss L reappears in the thrust-block as heat, which 
partly radiates, but the greater part is carried off with the 
service water, and can be calculated by measuring the 
amount of service water, and the difference of its tem- 
perature before entering and after leaving the block. 


A T=difference of temperature of water. 
= weight of service water per minute. 
Then also L=774q. AT. 
Therefore 


?.D.9r.n" 
The effective horse power would be 
E.HP.—?"4 +q- A , ae 100 
?.D.2r.n. 33,000 
where v=speed of ship in knots per hour. 

It is easy enough to determine the values of D, v, and n; 
q can be measured with a half-gallon pot and a second 
watch. To measure A\ T measure the initial and end tem- 
perature of all the water that passes through the block, 
which will consequently have to be surrounded with a low 
water-tight box, with only one opening, where the tempera- 
ture must be taken. 

If the thrust-block is cored out, the following arrange- 
ment will be found very handy: Construct two boxes, 
only one of which is provided with a hole. The bottom 
is rounded off to fit the corner formed by the thrust- 
block with its bedplate, and the bolt-hooks are shaped 
so that they can be fixed to the coreholes and press the 
boxes tightly against the block. The water on leaving 
the thrust-block will fall into both boxes, and running 
through the cored-out block, will all flow out of the hole, 
where its second temperature has to be measured. 

There still remains one value 9, the coefficient of friction, 
and this one I was unable to fix, but assumed it to be one- 
twentieth for olive oil and sea-water as lubricants. With 
this value, which ought to give a large result, I calculated 
the effective horse power, but found that it always was 
below 25 per cent. of the indicated. Very likely the heat 
radiating from the block bears a large proportion to the 
whole. I have tried to ascertain whether this value varies, 
but could detect no difference. 

As for speed curves, comparative values for the thrust 
are almost as good as absolute values. I hope the above 
plan may now and again be found useful. 

I may add that during one voyage I took the effective 
horse power twice every day, and the results showed that 
on rough days it was sometimes as low as 70; on fine days 
the effective horse power was sometimes 140. 

I am, Sir, yours truly, 
C. E. STROMEYER. 

Romford, Essex, November 12, 1879. 





GIVING MOTION TO INDICATORS. 
To THE EDITOR OF ENGINEERING. 

In reading Mr. Porter’s letter in a recent issue of 
ENGINEERING I felt a little flattered by the kindly way in 
which he spoke of the person who suggested to him the use 
of an are of a circle in reducing-gear; I felt flattered 
because I have used an arc of a circle in the same way many 
times during the last eight or ten years, and have thought 
myself to be the first to adopt the arc on account of its 
self-adjusting the lead of the indicator cord. 





‘ - 
vt goon 
RP 

; 
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To point this out, however, is not the object of this letter 
but to bring to the notice of your indicating readers a 
mode of reducing the stroke of the engine in a beautifully 
correct and sometimes very convenient way. I refer to the 
use of the pantagraph. In the illustration herewith, if in the 
straight line P'! F, P-! represents a point in the piston-rod 
head, or guide-block, p'' a point in which motion of the paper 
drum istaken, P P' the stroke of the engine, p p! the 
stroke of the indicator, and F a fixed point or centre, .F= 

PP 

pi' F 

p" F , 
the point p" draw p" b and p"'c parallel to F a and PU a, 
Then P'l a, a F, pil b, and p"l ¢ will represent the links of 
& pantagraph, jomted together at b, a, c, p'!, and if the 
point P'! is moved in the straight line P P' the point p" 
= ae the straight line p p!' paralled to P P! and 





Take any convenient angle as Pl' a F, and from 





‘| cock. 





A ace) ~*~ of ae nee —_ = so long as 
a straight line rough the poin' "and F, 
the position of the link p"' c, or that of p" 3, way be varied 
at pleasure ; for — the link p" b might be continued 
through b, and the link F a continued through a, and the 
link p"' c made to fall on the other side of b a, but p''c 
must always be parallel to b a, and p'' b toc a, 

The advantages given by the use of this motion are: 1. 
That the motion of the piston may be reduced without error 
of any kind ; and 2. That the fulcrum F may be shifted to 
any position, in the same plane with the links, near F, 
without producing any other effect than moving the point 
p'' in a corresponding direction, which position may be 


easily determined from the ratio a for P'l, pl F will 


always lie in the same straight line, and the motion of P"! 
(when the point F is fixed) will be always exactly copied in 
the given ratio by the point p"’. 

Mr. Porter’s idea of a man, when using the Richards 
indicator, shaking hands with Richards himself, is very 

, but to me it had a signification which I am sure Mr. 
orter did not intend. 

I was reminded of having seen, and in more than one 
instance, a man, whilst taking an indicator diagram, pinch- 
ing the end of the motion bar and the brass arm between his 
thumb and finger, and thereby, from the obstruction to the 
free motion of the levers, producing an incorrect diagram ; 
in some cases that is not all, for the middle link is sometimes 
pressed against the brass arm, causing a still greater 
obstruction to the free motion of the parts. Sometimes I 
have seen the lower end of the middle link prevented from 
sinking to the vacuum line from the simple pressure caused 
in bringing the pencil to bear upon the paper drum. To 
prevent this, I have seen some of Richards’ indicators with 
a groove filed in the brass arm in order that the middle 
link might move freely. The brass bar, and the shortness 
of the link connecting the piston rod with the parallel 
motion, are, in my opition, serious defects in the Richards 
indicator, and with this idea I patented the use of the 
pantagraph as a substitute for the Richards motion. 
In this arrangement the pencil is entirely free, and it is 
brought into position against the — drum by means of 
a little handle which is quite away from the motion. In 
the illustration annexed ? P' would represent the motion 
of the pencil, p p' the motion of the piston of the indicator, 
and F the fulcrum. I think if it were more known it would 
be more used, as it is much lighter ; it is absolutely correct, 
and would remain correct under very trying circumstances, 
as will be understood from what I have said with respect to 
alterations in the position of the fulcrum F. 
ARQUES. 


INDICATORS AND GAS ENGINES. 
To THE EDITOR OF ENGINEERING. 

Srr,—Mr. F. W. Crossley has felt a very natural wish 
of testing the accuracy of the Richards indicator, an 
scores of engineers have had the same wish. The mode 
which is described would indeed be delightfully simple if 
we could only depend upon the pistons being of the right 
diameter; but if the springs are doubted, we may with 
justice also doubt the pistons. My experience has shown 
that the one may be as unreliable as the other, and the last 
indicator I tested I find, on referring to my calculation 
book, had a piston .794 in. in diameter, say, .495 square 
inch area, or just 1 per cent. too small. The diameter 
should have been .7979. A friend of mine to whom I men- 
tioned the circumstance, informed me that he had a 
found that the pistons of different indicators would seldom 
fit other cylinders but their own. It would be very 
desirable if some manufacturer of high standing would 
take up this matter, and give us a perfectly reliable instru- 


ment. 

Possibly the steps taken by Professor Kennedy at the new 
engineering laboratory may help us out of the difficulty. 
In testing the springs I have used a plan similar to that 
described by Mr. Crossley, but instead of balancing the 
weights on the top of a rod, I have used a long hook, one 
end of which bore on the — and from the lower bend 
the weights were suspended. 

Yours truly, 


W. ScHONHEYDER. 
London, November 12, 1879. 














BOILER EXPLOSIONS. 
To THE EDITOR OF ENGINEERING. 

Sr1r,—A correspondent in your issue of October 10 sug- 
gested ‘‘a prolific cause of so many ‘mysterious’ steam boiler 
explosions,’”’ viz., the limey deposits of the feed water 
forming into scale or incrustation, ‘‘ which sooner or later 
cracks, and the water comes in contact with the super- 
heated plates.’ Having for many years been en in 
the general inspection of steam Con. and having had 
more than 600 boilers under my inspection, my experience 
quite coincides with Mr. Collins’ remarks. 

To remedy the evil I have tried almost every boiler com- 
position and every mechanical appliance in the market, but 
none were so effective as the soluble tannate of soda manu- 
factured and largely used for that purpose. This com- 
position thoroughly disintegrates the salts of lime, mag- 
nesia, &c., present in the waters of almost all districts, 
and deposits them in solution at the bottom of the boiler, 
whence they can easily be removed by means of the blow-off 
I have met with very many excellent results obtained 
by using this soluble tannate of soda, not only in prevent- 
ing boiler explosions, but also in greatly economising fuel ; 
and I could quote the names of many large firms whose 
boilers are perfectly free from scale as a result of its use. 

I trust you will consider this of sufficient importance to 
give it a place in your columns. 

I am, Sir, yours truly, 


Evan JONngzES. 
Birmingham. November 12, 1879, 


THE NEW CUNARD MAIL STEAMER 
“SAHARA.” 
To THE EDITOR oF ENGINEERING. 

Srr,—I observe that the Cunard Company has just 
concluded a contract for the construction of a steamer of 
10,000 horse power, and of speed greater than that of any 
ocean steamer afloat. This fact is rather interesting to me, 
as I find that in March, 1877, I stated in your valuable 
journal, to the “ye of many at that time, “that the 
day was not far distant when vessels 600 ft. long with 
engines of 10,000 indicated horse power would be engaged 
in the Atlantic postal service.” 


Tam, Sir, yours, &e., 
Boston, Nov. 12, 1879. J. Evetyn WILLIAMS. 





FLOATING CAST IRON. 
To THE EpIToR oF ENGINEERING. 

Srr,—In your issue of 24th October last, I notice a 
paper by Mr. Thomas Wrightson, which treats of the 
interesting physical question of ‘‘ Floating Cast Iren,” from 
which I see that the conclusions drawn by Mr. Wrightson 
from his experiments are quite similar to those arrived at 
by myself from a series of experiments which I made about 
six years ago. These experiments with cast iron I after- 

is supplemented by some upon lead, but the results 
obtained were different. In experimenting with the cast 
iron I found, as Mr. Wrightson does, that the pieces sank 
at first, and afterwards rose to the surface; with the lead, 
however, the pieces sank, but did not rise. No doubt with 
light pieces of iron the results got are not so satisfac- 
tor;, as the skin, which is —e forming on the surface, 
masks the phenomena, but with heavy pieces, and especially 
with balls, I think it is quite certain that sinking at first 
takes place, to be followed by a subsequent rise due to the 
expansion and consequent increase in volume of the body. 

Iam, yours, &c., 
W. J. Miuuar, C.E. 
100, Wellington-street, Glasgow, November 8, 1879. 





HARDENING OF STEEL, 
To THe Eprror or ENGINEERING. 

Srr,—In these days of earnest scientific investigation it 
is to me a matter of surprise that no special attention has 
been given to one of the most vitally important subjects, 
namely, ‘“‘ The reason why”’ steel becomes hard on being 
suddenly cooled down from a red heat by plunging it into 
cold water. 

On this one simple but wonderful property of steel de- 
pends the entire range of those mechanical arts which lie 
at the basis of civilisation, and by whose exercise we are 
enabled to rise above the savage condition. 

It occurs to me that it is from the want of due considera- 
tion of the enormously important consequences that arise 


q| from. this wonderful yet simple property of steel, that the 


causes of so remarkable a change as respects ness 
which results on suddenly cooling it from a red hot con- 
dition, has prevented the subject from receiving special 
attempts to investigate its nature. 

While in these,days the most powerful and active intellects 
are occupied in physical investigations in searching into 
the nature of those actions in matters which are ever in 
progress around us, so far as I am aware no one has made an 
attempt to enter upon this vitally important subject. It is 
in the hope that these remarks may chance to direct the 
attention of some one who may have the posi, Ay oppor- 
tunity to enter upon the investigations, may be induced to 


do so. 
tfully, 
AmEs NASMYTH. 


I am, Sir, yours very res 
October 17, 1879. 





NOTES FROM THE SOUTH-WEST. 
Newport.—There was a good influx of ships of various 
nationalities last week, and steamers occupied their 
usual prominent position in the trade of the port. Amongst 
the imports were 8401 tons of iron ore. The demand for 
steamers to the Italian ports continues strong. A con- 
siderable quantity of iron is going forward to the United 


States from this port, oa y steamers. The Har- 
worth, now loading coal in the Alexandra Dock for Lisbon, 
is chartered to load a cargo of old rails at Lisbon for New 


Orleans, and to bring back to England a cargo of cotton. 
Steamers are bringing sleepers from Riga. 


More Starting of Works.—In addition to two furnaces 
started this week at Cyfarthfa, it is contemplated to start 
those at Ynyspach, where hot blast appliances, stoves, &ec., 
were placed just before the stoppage. Mr. Crawshay has 
also bought extensively of Spanish ore, and is on the eve of 


engaging miners for increasing his already extensive stock 
of elsh mines. The signs of improvement are not 
confined to Cyfarthfa. With the sale of the Plymouth 


Works it is almost a certainty that the works will be re- 
started, and it is not impossible that a portion may be 
devoted to tin-plate. A third furnace is about to be blown 
in at Treforest Iron and Steel Works. 


The Aberdare and Plymouth Works.—At a recent meet- 
ing of the share and debenture holders of the Aberdare 
and Plymouth Company, it was authoritatively stated that 
terms had been arranged with the mo holders for 
the transfer of the iron works and collieries. The names 
of the purchasers will not be made public at present, but 
there is reason to believe that they are intimately connected 
with the staple trade of the district. 


Spamish Ore for Oyfarthfa.—The first cargo of iron ore 
for Messrs. Crawshay Brothers, since the re-opening of 
their works, has just been discharged at the Kast Bute 
Dock, Cardiff, ex the Spanish steamer Hispalis, from 
Bilbao. It has been supplied from one of the Somorrostro 





ee by the agents at Cardiff, Messrs. J. J. Murphy 
and Co, 
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FOREIGN AND COLONIAL NOTES. 

Spanish Ironstone.—In Navarre numerous mines of 
oolithic ores and limonites are awaiting early development. 
The most important are the deposits of brown and red 
manganiferous hematite of Vera and Lesaca, near 
Biddassoa, which are found at the contact of granite and 
palwozoic rocks, and the veins of manganiferous spathic 
ore in the latter formation. Extensive preparations have 
been made to ship these ores to England and France, and 
it is expected that the output, which has until now been 
only 20,000 tons per annnm, will quickly rise, as both the 
port of Fontarabia and the railway station of Stendaye 
are convenient outlets. The province of Almeria sends to 
England about 75,000 tons of ore per annum, the chief 
producer, the Mathilde mine, working on _a deposit in 
metamorphic rock, near the Cape of Gate, at Las Herrerai. 
The entire coast range from Aguilas to the Cape of Gate, 
is said to be rich in iron mines. Another district, which is 
shipping to England quite extensively, is that of Murcia, 
there being a number of mines along the coast from Palos 
to Aguilas, which together send nearly 120,000 tons per 
annum. The most important group is that near Mazarren. 
the ores from which are semaabathy pure and very abun- 
dant. The output of the mines of the province of Santander, 
about 70,000 to 80,000 tons per annum, also goes chiefly 
to England, the principal group of mines being that of 
Camargo. 


American Crucibles.—Messrs. Wiel, Siedel, and Co., 
crucible manufacturers, of Philadelphia, are now execut- 
ing large orders for Europe, and they are about shipping 
some of their manufactures to Liberia, Africa. They 
have made a number of shipments to different parts of 
Europe, and their European orders have greatly increased. 
All their foreign orders were unsolicited. 


An American Lighthouse.—The Phonix Iron Company, 
of Trenton, New Jersey, has been running day and ni hi 
since January, the great work in hend being an iron light- 
house destined for the American shoals, Florida, which 
has passed the final inspection, and has been pronounced 
perfect in every respect. The lighthouse is now being 
taken down and .— for shipment. It is a duplicate 
of one stunding at Fowey Rocks, on the Florida coast. The 
structure is about 125 ft. high, and hanging midway in the 
air are the eight rooms designed for the occupation of the 
keeper. These will be finished in wood; irrespective of 
this, the entire lighthouse is of iron. 


Australian Railways.—A branch of the Great Northern 
Railway of New South Wales from Werris Creek to 
Gunnedah bas been opened for traffic. The length of this 
newly opened section is 41 miles. The Hamley Bridge and 
Balaklava Railway is now in progress in South Australia. 


The length of this line is 22$ miles, and it runs over an 
easy country, so that the estimated cost does not exceed 
50,0001. The contract for the construction of the line was 
let in September, 1878, to Mr. Neil McNeil, Jun., and Mr. D. 
B. Bain is the resident engineer. The earthworks are now 
finished from end to end, and nearly all the bottom ballast 
is laid, while the rest is broken and ready to go on the 
road. The fencing consists of very strong and heavy split 
red-gum posts with six wires, and this part of the contract 
is well on. At the Balaklava end a steam engine is at 
work in adzing sleepers, that is, it adzes a groove of one 
uniform depth and gauge on each sleeper before it is laid, 
so that it will be scarcely possible for the rails to get out 
of place. The line crosses the Gilbert by a timber bridge, 
which has presented some difficulties, as it has involved the 
use of timber of great length. The length of this bridge 
will be altogether 320 ft., while its maximum height will & 
45 ft. 6in. Another bridge 19 ft. high and 65 ft. long 
occurs over the Stockyard Creek ; but this bridge is attended 
with no material difficulties. 


New Zealand Telegraphy.—The number of telegrams 
forwarded in New Zealand in the three months ending 
June 30 this year was 355,331, against 334,303 in the cor- 
responding period of 1878. The cash receipts in the three 
months ending June 30 this year were 18,9461., as com- 
pared with 19,037/. in the corresponding period of 1878. 


English Rails in the United States.—It may be noted 
that : tons of iron rails have arrived at Baltimore from 
Cardiff. The import duty paid on these 2000 tons of rails 
was 31,000 dols., while their invoiced value was 49,000 dols. 


Working Expenses on the San Paulo Railway.—In the 
course of the past half-year the ratio of the working expenses 
to the traffic receipts on the San Paulo (Brazilian) Railway 
was as low as 31.79 percent. Notwithstanding this low pro- 
portion of the working expenses, Mr. Do Fox, the en- 
gineer and superintendent of the undertaking, states that 
the railway from end to end is together with its plant in 
first-rate condition. 

Rails on the San Paulo Railway.—The San Paulo 
(Brazilian) Railway Company recently purchased 1000 tons 
of steel rails of first-rate quality at as low a rate as 
41. 2s. 6d. per ton. The company also endeavoured to obtain 
another 1000 tons at the same price, but it did not succeed 
in doing this, although it closed a contract at 41. 10s. 

r ton, six months being allowed for delivery. This 
aol has enabled the company to replace with steel 
rails, costing between 41. and 51. per ton, iron rails which 
cost 111. per ton, and which, after being in use for many 

ears, have been taken up by Mr. Fox, the engineer of the 
ine, to be utilised as telegraph posts. These novel tele- 





graph posts are stated to present a neat appearance ; they 





also possess an advantage over wooden posts, as they can- 
not be destroyed by the attacks of white ants, while 
wooden posts require to be constantly renewed. 


Great Western Railway of Canada.—The directors of 
the Great Western Railway of Canada report that the per- 
manent way and rolling stock are in excellent order and in 
a condition to move promptly and economically the in- 
creased traffic arising from revival of trade in the United 
men § and from the abundant harvest in America and 

‘anada. 


Great Northern Telegraph Company.—The number of 
telegrams forwarded by the Great Northern Telegraph 
Company in the nine months ending September 30 this 
year, was 647,833, as compared with 645,806 in the corre- 
sponding period of 1878. ‘The revenue acquired in the first 
nine months of this year was 152,175l., as compared with 
152,6411. in the corresponding period of 1878. 


Bridging the Garonne.—A fine iron tubular bridge has 
been thrown by the Southern of France Railway Com- 
pany over the Garonne at Empalot, near Toulouse, in the 
room of one destroyed by recent inundations. The bridge, 
which weighs 650 tons, was constructed by M. Eiffel, of 
Levallois, well known as the constructor of a great bridge 
over the Douro. 


South Australian Telegraphy.—The South Australian 
portion of a —- line to Western Australia was com- 
pleted to Eucla July 16, 1877; great difficulties were ex- 

rienced in erecting the section between Fowler’s Bay and 

ucla, owing to the extreme scarcity of feed and water, and 
the long distances over which materials had to be carted, but 
these obstacles were effectually overcome, and the line 
completed in a thoroughly substantial manner. The 
Western Australian line is 800 miles long, and the 
South Australian portion, ineluding the line from Adelai_e, 
about 971 miles long. During 1877, 15 new telegraph 
stations were opened in South Australia. The number of 
messages transmitted inland in 1877 was 408,953, and inter- 
national 12,479, producing 20,7701. for local lines, 63741. 
for intercolonial lines, and 14,1121. for proportion of inter- 
national line, a total of 41,8581. 


South African Raiiways.—Several important sections 
of railway have been recently opened in South Africa. The 
first, from Kendrew to Graaff-Reinet, establishes through 
communication between Port Elizabeth and Graaff-Reinet, 
a distance of 184 miles. The second section opened, from 
Atherstone to Graham’s Town, places that city and Port 
Elizabeth in railway communication with each other, the 
distance being 107 miles. The Western Trunk Line from 
Capetown has been also opened to Bitterwater, 290 miles 
from Capetown. 
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CANADIAN RAILWAYS.—No. XXVII. 
NorTHERN RAILWAY OF CANADA. 


THE first public highway of any extent or im- 
portance in Upper Canada was Yonge-street, con- 
structed by order of General Simcoe, from Lake 
Ontario to the navigable waters of the Holland 
river running into e Simcoe, the road being 
33$ miles in length, and completed in 1812. The 
capital of the United Provinces had been tempo- 
rarily and inconveniently established at Newark, 
at the mouth of the Niagara river, close to the 
international frontier, and in a remote corner of the 
country of which, as the capital, it should have 
been near the centre. His excellency had therefore 
removed the executive buildings from Newark 
across Lake Ontario to the old Indian meetin 
place, which they called Toronto, but which he h 
christened York, in honour of the commander-in- 
chief. On the waters of Lake Ontario, this old 
camping ground was the most convenient of access 
from all the northern lakes, and the shortest dis- 
tance over land between the great lakes of the 
Hurons and their hereditary foes the Iroquois 
living on the south side of Lake Ontario. The 
Humber river runs into Toronto Bay from the 
north, and the old Indian track up this river, and 
down the Holland into Lake Simcoe, and thence by 
the Severn or the Nottaw to Lake Huron, had 
been travelled for ages, as the main line of water 
communication between these inland seas. To im- 
- prove this line and adapt it to vehicles, so as to 

attract the fur trade to his new capital, to open an 
easy access for military purposes to the Upper Takia, 
to let in the light of civilisation, and prepare for colo- 
nisation, one of the rend the | sections of the 
country, and to supply with agricultural productions 
the necessities of the capital, were the reasons for the 
construction of the new road. Yonge-street was 
laid out from Toronto, due north, cut perfectl 
straight through the bush, and in 334 miles struc 





the waters of the Holland, ten miles from Lake 
Simcoe, for seven of which it is navigable for steam- 
boats, and the whole for the batteaux then in use, 
The name “street” applied to these long roads, for 
Dundas-street which crosses Yonge at right angles 
was 300 miles long, was in perfect accordance with 
the old Roman custom, whose long straight roads 
were cut for precisely the same p half 
military, half commercial, that these Canadian streets 
were made for, and as they were generally paved 
with stone blocks, were called ‘‘ vise strate,” which 
our Anglo-Saxon forefathers reduced to ‘‘ street.” 
Watling-street and Ickling-street in England are 
examples of the same description, and this Toronto 
road was named after Sir George Yonge, who from 
1782 to 1794 was secretary of war, and a personal 
friend of General Simcoe. Sir George Yonge was 
the last baronet of an old Devonshire cage, § born 
in 1732, and died in 1812. He wasa man of letters, 
an F.R.S., anda Fellow of the Society of Antiquaries, 
to which he communicated an excellent memoir on 
the subject of Roman roads and camps, in connexion 
with some discoveries that had been made at Mans- 
field, in Nottinghamshire, and hence the peculiar 
fitness of naming Yonge-street after him, it being 
precisely such a road, and adapted to similar uses, 
as those he had been engaged in examining. Si 
George dying without issue the baronetcy created in 
1661 became extinct. The township of Puslinch, 
through which the Credit Valley Railway 

near Toronto, is named after one of the family seats 
in Devonshire, and Burke.in his ‘‘ Landed Gentry” 
speaks of the bay Soy the Yonges of Puslinch, 

For years after this all the roads in Upper Canada 
were execrably bad, and as late as 1837 the only 
drive that it was possible to take with comfort 
from the capital was the first twelve miles of 
Yonge-street, which had been m ised. This 
road became, however, from the first an important 
thoroughfare, and settlements existed upon it nearl 
all the way to Lake Simcoe. The land was good, 








there was an excellent market at the terminus, and 
besides the through travel induced by its situation, 
the local traffic of the vi » which thickly 
clustered upon it, increased with the growth of the 
city from which it commenced. The road cut out 
by the military to Holland Landing, with an exten- 
sion at the north end to Bradford three miles 
further, together 364 miles, was subsequently recon- 
structed at a cost of 172,424 dols. as one of the 
main roads of the country, and in 1846 was handed 
over from the Commissioners to the General Govern- 
ment, who further improved and macadamised it at 
a cost of 163,418 dols., making a total ee eer 
it up to 1865 of nearly 10,000 dols. per mile. In 
that year pursuant to a policy adopted in Canada, 
wherever practicable, this road with a number of 
others, the aggregate cost of which had been half a 
million dollars, was handed over to the Municipal 
Councils of the united counties of Peel and York 
for the sum of 72,500 dols, 

Almost the first railway charter given in the Upper 
Province was granted or , 1836, to the To- 
ronto and Lake Huron way, to pass over the 
same district that had been settled and civilised by 
Yonge-street. This charter, after several extensions 
and amendments, expired from lapse of time. In 
1849 another company, the Toronto, Simcoe, and 
Huron, was chartered to form a railway over the 
same route, and one peculiarity in this Act, which, 
however, was never put into practice, allowed the 
company to raise their capital either by subscription 
or b . The next session the company got 
an amended Act, and under the title of the Ontario, 
Simcoe, and Huron the works were commenced, 
and the first section of this or of any railway in 
Upper Canada was opened, May 16, 1853, from 
Toronto to Aurora, 30 miles. A second | to 
Bradford, 12 miles further, was completed June 13, 
and a third, of 21 miles, to Allandale, 63 miles from 
Toronto, was ready for traffic on October 11. On 
the 3rd of May next year a branch 1} miles long from . 
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Lefroy, 52 miles out, to Bell-Ewart on Lake 
Simcoe, put the railway in connexion with the steam 
navigation of that lake, and before the end of the 

ear the whole line to Collingwood, 944 miles from 

‘oronto, was in operation. The original contract 
with Messrs. Story and Co, for the completion of 
the line was 2,316,700 dols., and a subsequent one 
for rolling stock, stations, and terminal accommoda- 
tion brought up the —— to 2,810,272 dols. 
On this their engineer, Mr. Brunel (not the Brunel 
known to fame in England) estimated a revenue of 
544,000 dols. per annum, which deducting 50 per 
cent, for working expenses left 272,000 dols. for 
profit, equal to 8 per cent. on the total estimated 
outlay; a gross amount which was not reached for 
13 years afterwards with a considerably increased 
mileage, and a net result still in the future. 

The company obtained from the Government, 
in the shape of a guarantee, 475,000/. sterling, 
and it paid the interest on the bonds issued on its 
behalf for one year, 1855, since which time the 
Government have had to pay the interest, and at 
the date of confederation, July 1, 1867, this debt 
and renewed interest amounted to 3,776,403 dols., 
a tolerably fair price for the whole line. For this 
guarantee the Government held a lien in the shape 
of a first mortgage on all the property of the 
company, and in 1859, to save the whole from dis- 
memberment, were compelled to foreclose their 
mortgage, th the company were allowed still 
to work the railway. To secure the business of 
Lake Simcoe the company put steamboats upon the 
lake, which they.ran.in connexion with the trains 
at Bell-Ewart, and they also started a tri-weekly 
line of steamers from Collingwood to Chicago, and 
another line to Green Bay, Michigan, but for some 
years these were all poor speculations, and even the 
Chicago line was not self-supporting till 1858. This 
claas of business has since been relegated to another 
company, whose speciality it is, and the railway has 
now only an indirect interest in the steamboats. 

After its completion in 1854 the company soon 
got into. difficulty, In 1856 the line did not pay its 
running expenses, which were 5000/. sterling over 
the receipts, the road was getting into: very bad 
repair, and so poorly had the. ballasting been done 
that in many places the mud and t water 
covered the bent and laminated rails, and for two 
or three years this state of dilapidation was going 
on, leading the whole very rapidly to destruction. 
In 1858 an Act was obtained to reorganise the con- 
cern under the name of the Northern Railway of 
Canada, to call in all outstanding bonds and to ex- 
change them for others, part of a series of 250,000/. 
larger amount, so as to include the floating debt, 
and restore the road to a fair running condition. 
The capital amount stood then: Government debt, 
with accrued interest, 591,375/.; company’s bonds, 
with accrued interest, 287,174/.; the new series of 
bonds to cover the floating debt and for new works, 
250,000/., making with 169,276/. paid on shares, a 
total of 1,297,825/. By an Order in Council passed 
in 1859, after the Government foreclosure, the re- 
ceipts of the line after | ean of working expenses 
were to be disposed of in the following order: 1. 
Interest on the new preference bonds, 250,000/., to 
relieve the company from pressing liabilities, and 
to improve the road, 2. Interest on second pre- 
ference bonds, 273,189/., being 223,189/. to dis- 
place old mortgage bonds of the company, and 
50,0007. handed to Government towards payment 
of past interest. 3. Interest on provincial loan of 
475,0007. 4. Interest on arrears of interest due to 
the province. 5. Interest on balance of mortgage 
bonds issued by the Government. 6, Any balance 
left to go to the shareholders. Under these con- 
ditions the road was handed back to the company, 
and unpromising as affairs looked the circumstances 
of the railway took a turn from that year, and the 
financial position of the company has been placed 
on a firm footing. In 1868, the company obtained 
= to issue 50,000/. sterling of third preference 

nds for the purpose of constructing elevators, 
increasing their rolling stock, and other equipment 
expenditure. Since then other additions have been 
made to capital principally on account of the new 
extensions, the total amount of which, exclusive of 
the Government loan, is 1,200,0002. 

As this was the first railway from Toronto, to 
which city it has been an immense advantage, it has 
thereby far the best accommodation, and the most 
commodious station grounds. It has equivalent to 
three different passenger stations, to the east, in the 
centre, and at the west of the Esplanade, and its 
freight, storage, and machinery repairing grounds 
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cover about 42 acres, the greater t of which, 
like the rest of the Esplanade, has been reclaimed 


from the water of the bay. On a wharf specially 
constructed for the purpose, the company have an 
elevator with a storage capacity of 275,000 bushels, 
and with power sufficient to elevate or ship 20,000 
bushels per hour, The wharf, 490 ft. long and 
70 ft. wide, is surrounded with water 15 ft. deep, 
and besides the grain accommodation it has a 
storage capacit; equal to 3,000,000 ft. of sawn 
lumber, this and grain being the leading articles of 
freight and = by the railway. Besides these 
sources of traffic, and an excellent local business, 
the Northern is well situated for the great through 
traffic between Chicago and New York, a line of 
steamers running in connexion with it and with each 
other from Chicago to Collingwood at one end, and 
from Toronto to Ogdensburg at the other. The 
line catches also the through Canadian traffic from 
Montreal by water or rail to Toronto, and from 
Collingwood to Lake Superior, and Manitobah. 
Leaving Toronto, the line in common with the 
Grand Trunk, Great Western, Credit Valley, and 
Toronto, Grey, and Bruce, runs west along the Es- 
planade, to the city limits, the Great Western diverg- 
ing off a short distance before reaching this point. 
The rest then turn north-west, the Credit Valley 
leaving the others about four miles out, and at 
Weston, nine miles from Toronto, the three remain- 
ing lines take their regular diverging directions, the 
Grand Trunk west, the Toronto, Grey, and Bruce 
north-west, and the Northern, as its name implies, 
following the general direction of Yonge-street, 
which it twice crosses, passing through an excellent 
farming district, and by a series of smiling villages, 
over the height of land between Lakes Ontario and 
Simcoe, and down the valley of the Holland river, 
nearly to its mouth in Cook’s Bay of the latter 
lake, then circling to the west round. the lake, it 
strikes its waters at Allandale, 63 miles from To- 
ronto, the branch from Lefroy to Bell-Ewart, 53} 
miles from Toronto, connecting the steamer naviga- 
tion of the lake with that city. 

Lake Simcoe is a fine sheet of water almost cir- 
cular in shape, with two connecting bays putting off 
from the main body; Cook’s Bay, six miles deep, 
towards the south, and Kempenfeldt Bay, eight 
miles long, towards the west. It is twenty-five 
miles east and west from Barrie, the head of Kem- 

enfeldt Bay, to Beaverton, and twenty-eight miles 
rom Cook’s Bay to its outlet at the Narrows, north 
and south. The scenery round this latter point is 
magnificent, and so is the whole of Lake Couchich- 
ing, through which its waters pass on their way to 
the Severn, the outlet of both to Lake Huron. 
Lake Couchiching, on the same level with Simcoe, 
and connected by narrows not so wide as most of 
the canals, is studded with islands, and indented 
with picturesque bays. It is nine miles long by three 
miles wide, and the pleasure steamers from Bell- 
Ewart take the circuit of both lakes, affording a 
very popular excursion. ‘The Severn river is a fine 
impetuous stream, descending by seven falls, and a 
series of rapids, altogether 170 ft., into Lake Huron, 
making Lake Simcoe 524 ft. above Lake Ontario. 

At Allandale the Northern Railway forks, the old 
main line continuing west to Collingwood, on the 
shores of Georgian Bay, whilst what was formerly 
the Barrie Branch, 1} miles long, turns off to the 
north-east. Barrie is the shire town of Simcoe 
county, pleasantly situated at the north-west ex- 
tremity of Kempenfeldt Bay of Lake Simcoe, and 
by water bow, bee es from the mouth of the Holland 
river at the head of Cook’s Bay of the same lake. 
The branch line to Barrie has now been extended. 
along the north-west shore of Lake Simcoe to 
Orillia, on the Narrows, between it and Lake 
Couchiching, this natural canal being here crossed 
by both the Northern and the Midland, the one 
ruuning east and the other west, towards the 
southern termini on Lake Ontario. The Northern 
then turns north along the shores of Lake Couchich- 
ing, and after crossing and recrossing the Severn, 
continues generally in the same direction to its 
terminus at the new town of Gravenhurst, 115 miles 
from Toronto, on Lake Muskoka, from which there 
is an inland navigation through a series of large 
lakes, round which are situated what are known as 
the Free Grant Lands of the Muskoka district. 
This section of the country is 160 miles long by 
60 wide, and the land is given away by the Ontario 
Government to Jond fide settlers over eighteen years 
of age, at the rate of 100 acres to each member of 
the family, with 100 acres additional to the head, 





and in addition each locatee has the option of pur- 


chasing the adjoining 100 acres to the rear at 50 
cents (2s. sterling) per acre. Some of the land is 
very good, but a belt of primitive rocks of what is 
known as the Laurentian chain passes through and 
underlies the greater part, and hence this district 
though the most accessible has not been the most 
successful of the different free grant lands. There 
are good steamers on the lakes, excellent fishing 
and shooting along their shores, and the population 
continues to grow rapidly in the newly opened 
7 all the way to Parry Sound, 100 miles to 
the north. 

The main line to Collingwood from Allandale 
passes through a district almost created by this rail- 
way. ‘Lhe terminus can scarcely be called a good 
harbour, and naturally is a very poor one. The 
Georgian Bay is a large sheet of water, 140 miles 
long by 50 wide, and the north-west gales are very 
heavy and soon make a dangerous sea, To protect 
the vessels, a breakwater was originally constructed 
parallel to the shore, and some distance from it, of 
cribs of timber floated out into the lake and then 
sunk and filled with stone. In the spring of 1872 
this structure was carried away by the ice, during 
astorm, and the next year, the present one was 
commenced. This consists of a line of cribwork, 
700 ft. long, parallel to the shore, and nearly a mile 
from the docks of the Northern Railway, with a 
lighthouse 40 ft. high at the east end. The form 
of this breakwater is considered to be of exceptional 
strength, and the most suitable for this locality. 
The front wall opposing the water is built up to 
the water line with double timbers each 12 in. 
by 12in., the whole breadth being 24 ft. wide 
at the base, and 19} ft. at the water line. At 
this point the slope of the upper part of the 
breakwater commences, and is carried up 6 ft. 
above the water, and at the top is 12} ft. wide. The 
angle opposed to the water is protected by boiler 
plate # in. in thickness and 5 ft. wide, extending 
below the water line and up the slope, held in place 
by spikes § in. in diameter and 12 in. long, drawn 
through the iron and into the timber with rivet 
heads. Each of the upper edges of the upper floor 
is protected in the same way, so that there are three 
ranges of iron plating to receive the waves, and 

revent any of the timber work from being displaced. 
n the middle of the cribs is a continuous wall of solid 
timber 12 in, thick, extending from bottom to top, to 
which the outside walls, both back and front, are 
braced, and the whole filled solid with stone, and 
planked on the top and sides with 3 in. white oak 
plank. The eastern head, finished in the same way, 
has a broad pier head 60 ft. long and 80 ft, wide, 
upon which the lighthouse stands. The total cost 
of this structure was 57,468 dols., which was con- 
tributed half by the Dominion Government, one- 
fourth by the municipality in which Collingwood is 
situated, and one-fourth by the railway. The 
available depth of the water is only 11 ft., but as 
this is too little for the improved navigation of Lake 
Huron, and the vessels that are expected to carry 
the trade of the future, a survey has lately been 
ordered, upon which to base an estimate of the cost 
of increasing this draught, as well as for the further 
protection of the harbour from the north-west gales. 
The company have, excepting in the depth of the 
water, good terminal facilities at Collingwood, and 
an elevator but little inferior to the one at 
pw et The Canon line has been ee 

y what was originally a separate com: , charte 
as the North Grey iy to Meaford, 20} miles 
to the north-west along the shore of the Georgian 
Bay. Meaford is the centre and outlet of a fine 
agricultural district, and has a small but very snug 
and complete harbour formed at the mouth of a 
stream which here flows into the lake, by putting 
down on each side a line of cribwork filled with stone, 
securing a general depth of 13 ft. of water. The 
North Grey Railway was largely assisted i ae 
cipal subscriptions, and the Northern . Railway 
guaranteed their bonds totheextent of 9000 dols. per 
mile. A similar arrangement was also made with 
the company who constructed the railway to 
Muskoka. _ This latter line was opened at different 
dates in 1872 and 1873, the terminus at Graven- 
hurst being reached in November, 1875. Underan 
agreement made June 3, 1875, both these roads 
became consolidated into the parent line. 

In the same year another railway, called the 
North Simcoe line, was projected to extend from 
Barrie to Penetanguishene, on the Georgian Bay, 
35 miles long. At that time another company, in 
opposition to the Northern, had their charter 





from Hamilton to Barrie and Collingwood, and the 
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North Simcoe would thus have at the former town 
a choice of two routes to Lake Ontario, either by 
the Northern to Toronto, or the Hamilton and 
North-Western to Hamilton. The North Simcoe 
was, however, not strong enough to remain inde- 
pendent, and when barely seven miles of the road 
were graded from its northern terminus, the works 
cane to a standstill, and remained so until June, 
1878, when they suddenly sprung into activity, and 
in five months the whole 33} miles were completed 
to a junction with the Northern Railway at Harri- 
son’s Crossing, near Allandale, the line being ready 
for opening in December last year, although not 
actually working till February 6, 1879. This road 
runs through a new country at present only very 
sparsely settled and poorly provided with roads, 
terminating at the old naval station, formerly 
established by the Imperial Government as the 
Woolwich of the Upper Lakes, Here for many 
years the flag of England waved over her most 
distant and most inland dockyard, and here, in ad- 
dition to a military station, were generally laid up 
a few gun-boats intended for service in these waters, 
but socompletely out of the way of any communication 
that it was sneeringly asserted they were sent here 
for safety, as all Canada might have been taken and 
retaken a dozen times before the commandant 
of this isolated stronghold would be likely to be in- 
formed of the transaction. It was also a port of 
entry, and had the regular establishment of officials 
and tide-waiters, but the duties of the station in 
this department were not onerous, and when Cap- 
tain Moberley held the appointment of collector, for 
eleven years he had not a single entry. The only 
industry ever prosecuted was sturgeon fishery, 
large quantities of which exist in the lake, and a 
manufactory for isinglass represented the only ex- 
port, When the British Government in 1855 trans- 
ferred the Ordnance lands to the province, the dock- 
yard and allied establishments, with the reserved 
blocks of land surrounding, became the property of 
the Canadian Government, and the buldings and 
old barracks were adopted as the reformatory prison 
for Upper Canada, the expense of the alterations 
and additions being 86,819 dols., and for this pur- 
pose the establishment is at-present employed. There 
is however an excellent har , deep water, and in 
the hands of capitalists a good chance of making 
this now into a busy port. The railway to it was 
constructed partly by municipal bonuses amounting 
to 80,000 dols. and a Government subscription of 
83,000 dols., supplemented by a bond issue, which 
only became negotiable when the Northern Com- 
pany leased the line and guaranteed the interest. 

The whole length of the Northern Railway is 
therefore : 


Miles. 
Main line—Toronto to Collingwood... 94 
Bell-Ewart Branch from Lefroy... os 1 
Barrie Branch from Allandale eee oon 1 
Barrie to Muskoka Wharf ... kee ae: 6 
North Grey, Collingwood to Meaford 203 
North Simcoe to Penetanguishene ... 34 

2024 


The present manager, Mr. Cumberland, took 
charge of the Northern during the depressed condi- 
tion into which it had fallen in 1858. In that year 
its receipts were 261,702 dols, and its expenditure 
was 15 dols. more than this, the working expenses 
being a trifle over 100 per cent. In ten years the 
receipts had increased to 671,076/., and the working 
expenses were about 50 per cent. of this. The 
interest on the bonds has been regularly paid, and 
though the company had to labour for years under 
an inordinate load of debt and difficulty, the general 
position of the property has been pemcey ot estab- 
lished, and its securities maintain as high and con- 
stant a quotation on the London Stock Exchange as 
any foreign railway. Its new extensions, though 
not very lucrative at present, are improving feeders, 
and in taking them over the capital account of the 
main road has been rather relieved than otherwise 
by the addition. The line is being gradually relaid 
with steel rails, for whilst in 1875 they were all 
iron, each year since a portion has been laid with 
the more durable description, and in the recent 
acquisition of the North Simcoe by a supplementary 
agreement, 52 miles of steel rails, completing the 
main line to Allandale, were secured without any 
increase to the nominal capital account. 

The secret of the success of the Northern is the 
encouragement given, and the consequent develop- 
ment of the local traffic, and the stern determination 
of the management to carry nothing that does not 
leave some margin of profit, however tempting the 





large returns that may be made from through traffic. 
In 1877 the local traflic of the line was 692,627 dols., 
whilst the through traffic amounted only to 35,845 
dols. The Northern has an exceptionally good 
chance for competing for the Chicago traffic. 
With its lake navigation at either end, either to 
New York or Montreal, it can carry much lower 
than any other Canadian line, and to resist the 
ao of embarking in this enormous but non- 
productive business speaks volumes for the shrewd- 
ness and efficiency of its management. Nearly all the 
Canadian railways were laid originally on the 5}-ft. 
uge, which the Northern still retains. The Great 
estern Grand Trunk, Midland, Intercolonial, and 
other lines have at different times reduced their 
uge to the national standard of 4 ft. 8$in., the 
orthern and Canada Central being the only two 
important lines on the original and now exceptional 
gauge. This alteration is now imperative, and to 
keep its position this desirable change cannot much 
longer be delayed on the Northern of Canada. 





TREATMENT OF MERCURY IN NORTH 
CALIFORNIA. 
By T. Eaueston, Ph. D. 
(Continued from page 332.) 
New ALMADEN WoRKS. 

AT New Almaden the sz mining com- 

vow have six modified Idria furnaces, built of 

rick, which produced in the year 1873, 11,042 flasks 
of mercury, of 76} lb. each ; in 1874, 9084, in 1875, 
13,648, and in 1876, 20,549. Four of these furnaces 
have a capacity of 50 tons, one of 70 tons, and one of 
100 tons a week. They run a week, each furnace 
making four charges a month, Each of these fur- 
naces has its own condensing apparatus comprising 
16 to 22 brick condensing cham the numbers 
varying with its ore capacity. The bottom of the 
chambers inclines from the centre towards the out- 
side, and the floor is built of brick covered with 
cement, Besides these brick condensers, there are 
four or five wooden ones which are 26 ft. long, 
14 ft. wide, and 20 ft. high, divided into six com- 
partments of equal size attached to each furnace. 
As the result of the addition of these wooden 
chambers, one of the flues which formerly yielded 
from 60 to 100 flasks in the general clean up, yielded 
in 1873 only two flasks, the a part of which 
was found near the outlet from the condensers, 

It is the intention to cut up the blocks of brick 
condensers, by taking down the outside walls of one 
or more compartments, making the partitions the 
exterior walls of the new structure. There will 
thus be three or more separate structures instead of 
the single condenser as formerly. The object of 
this is to get a much larger radiating surface, and 
consequently better condensation. 

The furnace is charged with adobes 10 in. by 44 in. 
by 4} in. in size, made of the fine ore mixed with 
dirt, which are placed over the floor of the ore 
chamber, one adobe thick, and the entire height of 
the sides; 2 ft. 6 in. to 3 ft. of ore is then charged, 
then a layer of adobes, in which five flues are placed 
from one side to the other; these are cove with 
ore, and so on to the top. The top is covered with 
a layer of adobes, then2in, or 3in. of soot, then 
ordinary clay and mud to fill the furnace even with 
the top, and over this ashes. When during the 
charge any cracks occur, they are carefully filled. 
When the furnace is filled, one-third of the charge 
will be adobes, 

As adobes have to be made here the year through, 
and must be dried in winter, the brick condensers 
are covered on the top with iron plates for drying 
them. Occasionally the furnaces run on adobes 
alone. They cost about 5.70 dols, perthousand, It 
takes six men one day to charge the furnace, and 
four men one day to discharge it. The charge is 
done by the company, as it must be done with great 
care, but the discharge, as it requires no super- 
vision, is done by contract. It takes one man part 
of 12 hours to keep up the fire, which is kept up 
for 96 hours, and during this time 18 cords of wood 
are burned for 100 tons of ore. The wood costs 
4 dols, to 6 dols. per cord. The ore is discharged 
12 hours after the fire is drawn ; 24 hours afterward 
the soot is removed. With ordinary ores the 
mercury commences to condense 14 to 16 hours 
after the furnace is lighted. If the ore is exception- 
ally rich it sometimes condenses in eight hours. It 
appears first in No. 1; in Nos. 1, 2, 3, 4, and 5 it 
runs for 10 hours ; after this it runs in Nos. 3, 4, 5, 
6,and 7. It appears in No, 7 on the second day, 
after which it stops running in the first four con- 





densers, but continues in all the others. The 

reater part collects in Nos. 10,11, and 12. Be- 
ore the fire is drawn, one-half the mercury is con- 
densed, it then gradually diminishes .until it ceases ; 
a small quantity of mercury still runs from the 
pipes, the flow being a up by dripping from the 
soot on the walls, ‘The mercury condensing is 
carried to an outside trough, from which it is dis- 
charged into a reception basin. The brick con- 
densers were formerly closed with iron doors. 
These have been entirely abandoned except for the 
first four or five chambers, and are now replaced 
by ordinary house window sashes, 3 ft. by 3 ft., with 
six panes of glass. Since their adoption there has 
been a very decided increase in the percentage of 
mercury condensed. The condensers made of wood 
and glass were patented in May, 1874. They are 
much cheaper, and it would seem a much better con- 
denser than those formerly used. They require no 
water, and are applicable everywhere ; for the want 
of water in many places in California is a serious 
drawback to working. Four such wooden con- 
densers are at work at New Almaden. Each 
one has a volume of 2640 and 1196 square 
feet of condensing surface, or altogether 10,560 
cubic feet of volume and 4784 square feet of sur- 
face. They have cost 1500 dols., which is the 
smallest cost for any such amount of condensing 
surface known. 

The soot is collected in the same way as at the 
Redington Mine, There, from four charges, 18 
flasks of mercury were obtained, The amount pro- 
duced directly from the ore was 474 flasks. The 
soot condenses in all the condensers from No. 4, and 
the most of it collects about the middle. About a 
barrelful per week is collected from each condenser; 
one man does the whole cleaning up. The soot was 
formerly worked, as in other places, on an inclined 
plane with a wooden hoe. A certain quantity of 
mechanically mixed globules were separated and 
run into vessel appropriated for it. ‘The soot re- 
maining behind was treated with lime. This method, 
which is the one in general use, as it consumes a 

tamount of time and labour, has been abandoned 
ere. The soot is now charged into a hemispherical 
boiler 3 ft, in diameter, and is mize with boiling 
water and wood ashes, about half the bulk of the 
soot being added in ashes. The whole is thoroughly 
stirred for three quarters of an hour. It is then 
allowed to settle, and during this time another boiler 
is worked, The mercury collects in the bottom of 
the vessel and flows as it collects from a syphon 
pipe, so that the mercury is entirely free from any 
mechanically mixed material. The water is drawn 
off afterwards from the boiler, the soot remaining 
behind is dried and placed on the top of the furnace 
where the flame passes, as it still contains some 
sulphur. This process was patented October 4, 
1873. In all essential points it is similar to the 
Manhattan method, which seems to have the advan- 
tage of having dry soot, and of requiring a little 
less labour. It takes one man, working ten hours, 
four to five days to work the soot of six furnaces. 
The fuel which is used is wood, or ordinary charcoal 
made from oak, or a mixture of coke and charcoal ; 
75 lb. of coke and charcoal mixed are required to 
treat 3000 1b. of ore and adobes. In 1875 the net 
cost per flask was 19.52 dols. The furnace which 
is used here and at the Redington Mine isa very 
great improvement on the old Idria furnaces, as the 
ore chambers contain no arches, which are constantly 
liable to break down. The method of changin the 
large and small ores and making air channels of the 
adobes, prevents the charge from packing, and gives 
all the space required for the circulation of the air 
and heat, and permits the use of poor ores. The 
cost of making the adobes is 5.70 dols. a thousand, 
5 dols. of which is forlabour. These adobes are 
essential to the yore of the furnace, since the air 
channels cannot be e of large pieces of ore, and 
if they were there would be no certainty that they 
would last. The adobes do not change their form 
during the treatment, and the air channels once 
made remain,until the charge in the furnace is dis- 
turbed either by accident or to discharge it. The 
making of the adobes, however, is an expense, which 
in the furnace of the future is to be avoided. There 
is little doubt that this style of furnace will disappear 
altogether, and will —_ be known in the future as 
one of the curiosities of metallurgical history. 

The following Table gives the furnace expenses 
of a flask of at New Almaden in 1876 in 
furnaces Nos. 2, 5, and 8. No. 2 treated adobes 
alone ; Nos. 5 and 8 treated the ore as it came from 
the mine, 
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Furnace No. 2. dols. 
Amount of wood per flask, 1.03 cords at 
6 dols. eee -_ eee eco ae 6.18 
Amount of labour per flask e. “ 3.77 
2,562,000 lb. of Tierras represent 213,500 
adobes with cost; original cost of 
making - eco eee “ 3.00 
Breaking ont ove 0.60 
Carting and storing ... 2.10 
Cost thousand... 5.70 
213,500 adobes at 5.70 per thousand, cost 
1216.95 dols.; therefore the cost of 
Tierras per of quicksilver... ° 3.80 
Total cost of one flask produced in No. 2 
furnace during eight months’ operation 13.75 
Furnace No. 5. 
Amount of wood per flask, 0.65 cords at 
6 dols. eee ove — ose ace 3.90 
Amount of labour per flask... en ec 4.02 
Total cost of a flask of quicksilver produced —— 
in No. 5 furnace during ten months’ 
operation ... ove eee ove om 7.92 
Furnace No. 8. 
Amount of wood per flask, 0.47 cords at 
6 dols. ins sale ose eat nie 2.82 
Amount of labour per flask... 1.69 
Total cost of a flask of quicksilver produced 
in No. 8 furnace ... eco ae eee 4.51 
The great difference in cost between furnaces 


No. 2, No. 5, and No. 8 is owing to the use of 
adobes in No. 2. The difference between Nos. 5 
and 8 is owing to the improved method of working 
recently adopted in No, 8. 


ContTinvous FURNA-%ES, 

With the single exception of Livermore's furnace, 
all the continuous furnaces are shaft furnaces, 
They do not differ essentially in the principles of 
their construction, though they differ very widely in 
the detail, which is sometimes a detail of construction, 
and sometimes of condensation. 

There is a great variety of these shaft furnaces 
in California which have been patented. They are 
referable, however, to three general types, the 
Luckhart, the Knox, and the Livermore inclined 
fine ore furnace. A recent legal decision has pro- 





(ForDeecription, see Page 394.) 
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LucCKHART FURNACE. 


The Luckhart furnace is similar in all respects to 
one of the furnaces formerly used for roasting ores 
of iron. It consists of a shaft with a roof-shaped 
firebox of cast iron, with openings on the two sides 
only, which go through the furnace from side to 
side, The slant of the covering of the firebox in- 
clines from the centre towards the side of the 
furnace, so that the ore as it passes down is divided 
at this point. The discharging door is sufficiently 
far below the grate toinsure that the ore will remain 
long enough in the furnace, both to distil its 
mercurial contents, and to be sufficiently cooled 
afterwards to be discharged from the bottom of the 
furnace into an open wagon. By this — which 
is common to all the continuous furnaces, all 
inconveniences arising from the discharge of hot ore 
not entirely worked are avoided. - It is provided at 
different heights with peep holes to wateh its opera- 
tion. The furnace used at the Sonoma Mine was 
capable of treating from 10 to 15 tons of adobes a 
day. The richest ore ever treated at this place did 
not contain over 10 per cent. The serpentine in 
which the mercury occurs a out near the surface, 
and is very much decomposed. Where it is exposed 
to the weather its débris has been washed away, so 
that the soil for some distance from the outcrop is 
more or less mixed with free mercury and a very 
small quantity of undecomposed cinnabar. When 
the rock has been mined so as to reach the un- 
altered parts of it, more or less free mercury is 
found mixed with the cinnabar. Nine-tenths of all 
the material treated, however, consist of the dirt, 
which is made up into adobes, ‘These contain from 
} to }per cent. of mercury. The rock itself does 
not contain more than ]} percent. The adobes are 


made by Chinamen, who mix the earth with water 
to a thick paste, and pack it into wooden moulds 5 in. 
wide, 4 in. long, and 4in. high. A frame containing 
eight of these moulds, placed on a board a little 
longer than the exterior of the frame, has the mud 








thrown upon it, which is then patted with a shovel ; 
the dirt is then scraped even with the top of the 
frame, the frame drawn up, and the adobes left on 
the board as they were; this is then removed to a 
convenient place with the adobes upon it to dry in 
the sun, which takes about two days. One China- 
man can make about 1000 a day. It takes two 
Chinamen at 1.25 dols. per day to pick as much dirt 
as six men can use for making adobes. When ready 
for use they weigh about 8lb., and are a little 
larger than an ordinary brick. 

The furnace is charged with a circular hopper 
22 in. in diameter, and 26 in. deep. Five or six of 
these hoppers full make acharge. The hoppers are 
covered over with a hydraulic cover for safety, but 
even when this is removed the draught is so strong 
towards the interior of the furnace, that it will easily 
draw a piece of paper intoit. One and ahalf cords 
of oak wood a day, is all the fuel used. The wood 
is worth 3 dols.a cord. About 10 tons of adobes 
are treated. The oreis discharged from the bottom 
of the furnace quite black, but the last of it is oc- 
casionally dull red. Itis drawn every 1} hours into 
iron wagons, which hold about 4 ton. There are 
seven men engaged in making adobes, one China- 
man and one engineer to each shift of 12 hours at 
the furnace. The Chinaman is paid 1.50 dols. per 
- and finds himself. The engineer is paid 65 
dols. a month and board. They help each other in 
charging the furnace and the fireplace, and in draw- 
ing and dumping the ore, Besides this one man is 
engaged chopping wood. 

he condensing apparatus consists of three sheet- 
iron cylinders, 14 ft. high and 6 ft, in diameter, 
which are placed on the ground 5 ft. apart. Around 
the top of each of the condensing cylinders, there is 
a lead pipe 1 in. in diameter pierced with small holes 
3 in. apart. When there is a plentiful supply of 
water it is allowed to flow continuously, and dis- 
charges over the outside of the cylinder ; when there 
is a lack of water, it flows only over the last con- 
denser. 

The vapours from the furnace pass into the top of 
the condenser from a pipe 20 ft, long, and out at 
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the bottom. In the interior of the connecting pipe 
there is a partition about 2 ft. long on which a con- 
siderable quantity of soot collects. The bottoms of 
the cylinders incline toward the centre, from which 
a lead pipe leads to an iron kettle on the outside 
which is filled with water. The soot collects on the 
sides, and the little which falls to the bottom is 
carried out by the condensed moisture, which is but 
slightly acid, as there is but little sulphur in the 
ore. 

A blower 3 ft. in diameter is placed beyond the last 
condenser, which makes from 100 to 120 revolutions 
per minute. In case the ore not made into adobes is 
charged, the blower must run faster. The engine is 
12 horse ogra which is twice the power required 
for a single furnace. Beyond the blower there is a 
wooden box 6 ft. by 12 ft. by 8 ft., into which the 
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blower discharges. This box is divided in the middle 
by a partition which goes to within 2ft. ofthe bottom, 
in order to break the current. From this box a flue 
2 ft. square and 100 ft. long, ends in a wooden 
chimney 20 ft. high. Nearly one flask of mercury aday 
is collected from the first two iron condensers, which 
is about equally divided between the two. Not far 
from a flask a month is collected from the third. 
About once in three weeks the furnace is stopped, 
and the manhole of the cylinder is opened to collect 
the soot, which will yield about 10 flasks of mercury 
that is mechanically combined. The rest is charged 
in an iron pan, 9 ft. by 3 ft., with a gutter in the 
centre. 

The pan is set at an angle, and heated to 120 deg. 
Fahr., and the soot is then mixed with lime or 
ashes, and stirred, the mercury flowing into a kettle 








at the bottom of the incline, About 70 per cent. of 
the mercury in the soot is collected in this way. The 
acid water flowing from the condensers carries off 
some floured mercury and soot, and is collected ina 
wooden tank 12 ft. long, 6 ft. wide, and 4 ft. deep; 
the settlings are treated as soot. A little soot is 
taken from the blower cylinders, The further it is 
from the furnace the poorer it gets. The richest 
contains 60 per cent. of mercury, and the poorest 
about 3 per. cent. As the furnace is very small. and 
the product not large, the condensation appears to 
be very good. There is so very little sulphurin the 
ore that the sheet iron is very slightly acted upon. 
With this system of employing iron cylinders with 
a converging bottom, there seems to be very little 
opportunity for the action of acid. A few large 
compartments, however, cannot give as good results 
as a large number of small ones, sincea perfect con- 
densation requires maximum surface, and dves not 
depend so directly upon volume. 

This furnace, for one cause or another, does not 
appear to have been very successful. In a great 
many places where it has been erected it has been 
either torn down or modified into another type. 

(To be continued.) 
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subject. On page 389 we give an illustration of Total steam power ... 70 rail had been broken by a previous rool and had become 


the 60 horse power dredging machine in use on the 
works. The general arrangement of this machine 
will be understood from the drawing, where it will 
be seen that the bucket arm is hinged to the top of 
a framework placed —a the bottom of the 
arm being connected by tackle to a crane placed at 
the end of the vessel and over the bucket way. The 
buckets discharge into a receiver with right and left 
delivery channels leading to the spoil barges. The 
machine is worked by a pair of inverted cylinder 
engines, motion being transferred through gearing 
and a pitched chain to the bucket drum. The boat 
is moored by two chains fore and aft. Forward a 
pair of winches are placed near the bow, and the 
after chains are controlled by winches amidships. The 
chain working the tackle attached to the bucket 
arm is also — amidships to a steam winch 
placed below deck. 

Figs. 32 to 35 (see the two-page engraving of this 
week) show the three large basins, the position of 
which has been already indicated in the general 
plan. Fig. 33 is a longitudinal, and Fig. 34 a trans- 
verse section through one of the basins, and Fig. 35 
is a section on line E F, Fig. 32, where the approaches 
to the cross-over bridges are formed. The width of 
these approaches is 65 ft. 6in., and that of the 
openings from one basin to another is 32 ft. 9 in. 
The enclosing walls of these basins rest, as shown, 
on a béton foundation 39 in. thick, enclosed on each 
side by rows of sheet piling. The walls also are of 
béton faced with granite for nearly one - half 
of their height, Figs. 36 and 37 are respectively a 
plan and section of the entrance lock from the river 
to the central basin, These views show the inner 
and outer entrances, and the end of the lock chamber, 
which is 246 ft. long and 82 ft. wide. The width of 
the entrances is 42 ft. 6in. A turning bridge, as 
shown in Fig. 37, crosses each entrance ; detailed 
drawings of these bridges will be given hereafter. 
The general construction of the lock walls approxi- 
mates closely to that of the quays, but great diffi- 
culty exists in the formation of the outer entrance, 
and this part of the work requires the employment 
of a caisson, somewhat analogous to that in use 
for the main river wall. Figs. 50 to 53 show the 
form and general arrangement of this caisson 
42 ft. Qin. high, 141 ft. 3in. long, and 75 ft. 6in. 
wide, This structure, entirely of iron, consists of 
a massive framework of lattice girders, enclosed by 
iron plating. The caissan is divided longitudinally 
into five parts, forming below the roof of the air 
chamber five distinct chambers, each independent 
of the others. After the bottom of the river at the 
site of the entrance was thoroughly dredged, the 
caisson was floated into position, and weighted by 
the construction of the masonry floor and sides 
enclosing the iron framework of the caisson. As 
goon as the caisson is sunk in this manner to touch 
the ground, the work of excavation in the compressed 
air chamber is commenced, and water is admitted 
into the caisson to give it an additional weight, 
The excavation is then filled with béton, the 
caisson emptied, and the masonry continued, the 
air and working shafts being removed. Fig. 53 
is a section, one-half of which shows the work in 
progress, and the other completed. The ends only 
of the iron chamber are to be removed, the sides 
being built into the work. Figs. 38 to 49 show the 
construction of the lock gates; these drawings are so 
clear as to require little explanation. Figs. 46 and 47 
show the bottom, and Figs. 48 and 49 .the top 
bearings of the gates. The following résumé will 
convey a fair idea of the extent of this great work : 


Estimated cost. ... - = 1,531,0001. 
Iron work in caissons, bridges, &c. 12,000 tons. 


Brickwork and béton .., 
Dressed stone ove } 5725 > 
Excavation vee eee eve 3,272,000 a 

The work, which is now making considerable 
progress, involves, as may be sup , avery exten- 
sive plant, including several miles of railway and 

a large quantity of rolling stock. The following is 

an approximate statement of the steam power 

employed : 








RECENT RAILWAY ACCIDENTS. 
WE resume our review (see page 346 ante) of railway 
accidents which have recently been reported upon by the 
Board of Trade. On the 16th of August last as the 
11.15 p.m. goods train was running from the Armley 
sidings, near Leeds, to Starbeck, up a gradient of 1 in 
100, and about § of a mile north of Headingley Station, 
the boiler of the engine suddenly exploded, without 
causing any loss of life. This was an old engine which 
had been put upon the road in 1848; it had six wheels 
coupled and 4 ft. 9 in. in diameter, and the cylinders were 
16 in. in diameter and 24 in. stroke; the largest outside 
diameter of the boiler was 3 ft. 10 in. and its length was 
10 ft. 6in. Originally this had been composed of six 
plates, 1’, in. thick, there having been three plates in the 
length and two plates in the circumference of the boiler ; 
none of these plates broke joint ; the boiler had been ex- 
tensively repaired in the December of last year, and at 
the same time it had been tested with water to a pressure 
of 2001b.; the safety valves were set to a working pres- 
sure of 120 1b, to the square inch, and the boiler when it 
exploded had run 665,237 miles, On examination, it was 
found that the central bottom plates of the boiler had been 
reduced in thickness from +’ in. to a } in., and in one place 
to even } in. in thickness, and on testing pieces under a 
hammer it was found that the iron had become extremely 
brittle. In reporting on this accident, Major Hutchinson 
— out that the North-Eastern Railway Company 
ave four other engines of the same age as the one to 
which the accident occurred, and in two of them the 
boilers are in a very similar condition, and he strongly 
urges the necessity of fitting them with new boilers. 
On the 2nd of September the 5.30 p.m. Great Northern 
passenger train, running from Pinxton to Nottingham, 
on approaching the latter station was turned into a siding, 
and came into collision with a goods engine; by this 
collision 25 passengers and five of the company’s servants 
were inj and the engine and train were seriously 
ed. From the evidence it appeared that. the engine 
driver on approaching the points of this siding perceived 
that they were lying in the wrong direction, and he so 
far reduced the speed of his train that at the moment of col- 
lision it was not probably exceeding eight miles an hour ; 
an examination showed, that although the levers in the 
signal box were interlocked, the system adopted was an 
obsolete one, and the frame was out of order, so that, 
when the lever was pulled over, the locking hook fixed 
to the horizontal bar was loose and had failed to act. In 
reporting on the accident, Major Marindin points out 
that the driver of the passenger train had a distance of 
100 yards in which to pull up, and had the train been 
provided with an efficient continuous brake the collision 
might have been avoided, or its effects greatly mitigated. 
There appears no doubt whatever that this was an 
accident which could have been completely prevented by 
the use of the Westinghouse automatic brake. 
On the 29th of August, a somewhat serious accident 
occurred on the Midland Railway, between Millhill and 
Hendon, to the second portion of the up mail train, com- 
posed of an engine, tender, and nine vehicles. At a 
point about one mile to the north of Hendon Station, 
the train, which was running at its usual speed of about 
50 or 60 miles an hour, suddenly left the rails; after 
running along the ballast for a short distance, the engine 
went over an embankment on the north side of the line, 
breaking the tender coupling, the frame of the tender 
passing the engine, and stopping about 15 yards beyond 
it, wheels uppermost ; the tank of the tender, which had 
become se ted from the frame, remained on the top 
of the bank, the parcels’ van was brokenup, and its floor 
was found lying on the rails of the up line about 40 yards 
beyond the engine; the post-office van lay on its left 
side, nearly opposite the floor of the parcels’ van, but down 
the slope of the embankment on the opposite side; the 
guard’s van was lying against it, two passenger car- 
riages stood upon their wheels but across both lines, a 
parcels’ van was found partly down the east slope but 
tilted up on its left wheels, and a covered carriage truck, 
a fish van, and the rear guard’s van were also mixed 
up in confusion upon the same slope of the embankment. 
Singular to state, only one passenger out of sixteen com- 
plained of any injury, while the driver and fireman, 
although cut, bruised, and scalded, were not seriously in- 
jured. The evidence taken about this accident failed to de- 
monstrate the cause clearly, but it appears most probable 
to have been due to a broken inside rail. The driver of the 
engine stated that just before reaching the point where 
the accident occurred, he saw the inner rail bulged out 
about 9 in,, and he had time to shut off steam but not to 


shock as if the train were ing over a crossing. 
broken rail was of steel, and had been laid down in 1875, 
it weighed 83 Ib. to the yard, but was somewhat worn ; 


reverse his engine. The rear guard observed a _ oak 
e 


displaced as explained by the driver of the mail engine, 
Major Hutchinson called special attention to the praise- 
worthy conduct of the fireman and guards, who in spite 
of their injuries and confusion immediately blocked both 
up and down lines. No less than 27 rails were damaged 
by this accident, of these five were broken in two pieces, 
three into three pieces, two into four pieces, and 17 rails 
were bent; in this case again an efficient continuous 
brake would have largely reduced the damage done. 

A somewhat similar accident occurred on the 2nd of 
September upon the Ely and Newmarket railway, when 
the 4.2 p.m. passenger train to Ely, when running 
at a speed from 20 miles to 30 miles an hour, left 
the rails; four passenger and the driver and guard 
of the train receiyed comparatively slight injuries. The 
Ely and Newmarket Railway is a single line, and had 
been opened for traffic on the morning of the accident, 
the engine was also quite new; it had eight wheels, the 
four front ones being coupled and the four rear ones 
being in a bogie frame. The point where the accident 
occurred was in a cutting 3 ft. or 4 ft. deep, and ona 
perfectly straight and level portion of the line. The 
cause of this accident is obscure, but Major Hutchinson 
considers it most probable thata slight tightness in the 
gauge threw a sudden strain upon the bogie connexions 
with the engine, and which were of cast iron, only Zin. 
in thickness close to the bogie centre. When this plate 
fractured, the front part of the engine apparently went 
forward, being followed up by the bogie frame and the 
rest of the train. 





CALENDERING ROLLS. 
WE illustrate on 392 and 393 a new arrangement 
for mounting the rolls of calendering machines devised 
by Mr. F. Voith, of Heidenheim, Wurtemburg. This 
arrangement, which is, we believe, largely in use in 
Germany, has been recently introduced in this country by 
Mr. Paul Pfleiderer, of 37, Farringdon-street, London. The 
rincipal of the arrangements refers to the adjustable 
Seosbe gs forthe rolls. In the drawings Fig. 1 is a front 
elevation of the calender ; Fig. 2 is a vertical section, and 
Fig. 3 is a horizontal section on the line z 2, Fig. 2. The 
neralarrangement of the set of rolls and gearing for 
Sriving them is shown by the perspective view on page 392. 
The roli supports consist of two standards A and B, cast 
hollow, and bored out exactly perpendicular to the 
foundation plate, and each of them has a slit on the side 
towards the rolls. In these bored standards there is in- 
serted for each bearing a cylindrical turned sliding piece D. 
On one side of the latter a segment is cut away in sucha 
manner that a plane parallel to the axis of the cylinder is 
formed, which plane is rather narrower than the slit in the 
frame. Against this plane the bearing E is held by a bolt 
or bolts; at the same time a pin F, or the bearing fitting 
accurately into a hole bored in the sliding piece, prevents 
any pushing apart of the two pieces, while allowing them 
to turn freely. This construction is intended to secure the 
following advantages: The rolls can be quickly changed, 
and there is easy accessibility to all the moving parts and to 
those subject to wear. Every single roll may be removed 
by loosening the bolts which connect the bearings to the 
two sliding pieces, whether for re-turning or re-grinding, or 
to repair or renew the bearings. Therollslying above that 
one to be taken out must be held fast, and they may be easily 
so held by the lifting screws G; these lifting screws pass 
through all the sliding pieces, and by means of the washer 
H poe | the nut underneath it every sliding a, that is to 
say, every roll can be lifted up from its neighbour, and held 
till the roll which has been taken out can be returned or re- 
placed with a spare one. 
Every roll bearing is a so-called universal bearing, that 
is to say, it can turn in all directions, and adapt itself 
exactly to the journals of the rolls ; an arrangement devised 
to prevent heating, to diminish friction, and the wearing 
away of the bearing and journal. The lower yoy lies 
on a planed surface K of the standard, and has its lower 
surface turned concentric with the journal F, and has 
therefore the same advantages as the others. If, as shown 
in the drawing, there are two rolls M and N, which do not 
work directly on each other as in paper calenders with four 
chilled and two paper rolls, the surfaces O and P are turned 
exactly to the same diameter and concentric with the journal 
F, and thereby the exact parallelism of the rolls and the 
flexibility of the bearings, as well as the weight of all on 
the lower roll, are insured. By this method of construc- 
tion the side pressure, which the rolls when in operation 
exercise on the bearings, is reduced to a minimum, and has 
no influence upon the proper position of the bearings, as in 
the ordinary construction in use, aay with machines 
which have very high frames for cig t or more rolls. 

All of the roils lie exactly parallel, that is to say, the 
axes of all of the rolls lie exactly in the same plane. This 
is a necessary consequence of this method of construction, 
and is easily attained without special expenditure of time 
labour, and without the services of specially skilled 
workmen. The standards can be accurately bored on any 
suitable lathe by means of a special boring bar; at the 
same time the feet of the standards can be turned off Loi 
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an analysis showed that it contained : 


pendicular to the axis of the boring bar by means of a 
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rest secured to the face plate of the lathe. Then if the 
two standards are laid on a solid bedplate, which has been 
well planed or turned, it is evident that the axes of the two 
cylindrical holes bored in the standards must be wooly 
parallel with each other. The sliding blocks D are turn 
to fit in the cylindrical holes bored in the standards, and 
are afterwards fastened to a face plate inst an elbow, 
and are faced on the slide, and the hole for the pin F is 
bored. By this Lape the plane faced on the sliding 
block must be made exactly parallel with its axis. 

The sliding blocks must all be of the same height, or the 
distance Q must be the same for all the sliding blocks. 
This is the only point where exact measurement is neces- 
sary to insure perfection of the machine, or rather the 
exact parallelism of the rolls. On the bearing E the side 
which is to be bolted against the sliding block is first faced 
off, and at the same time the pin F isturned. Then all 
the bearings one after another are fixed on an elbow on 
the face plate, and bored to receive the brass linings, and 
faced off. The elbow has in it a hole, in which the pin or 
the bearing fits, and when the elbow remains the same for 
all the bearings the distance R will remain absolutely the 
same for all, and their accuracy is really independent of 
the care and skill of any workman. If through want of 
skill on the part of the workman the elbow should be so 
placed that the centre of the pin F prolonged does not meet 
the centre of the lathe, this has no influence either upon 
the parallelism of the rolls or upon the flexibility of the 
bearings. The distance of the centre of the rolls from the 
middle of the cylinder in the standard is exactly alike for 
all the rolls, and is the sum of Q+R, minus the radius of 
the sliding block. 

The bushes S of iron or brass are turned and bored com- 
plete, and forced in the iron bearings. It is obvious that 
the value Q+R is in no way altered, and if their bushes 
require renewal the parallelism of the rolls will remain the 
same. 





MACHINE WORK. 
The Application of Machinery for Producing Engineers’ 
Work Cheaply.* 
By Mr. Wiuson HarRTNELL. 

To treat this subject fully would require, not one paper, 
but several. Only a small portion of the subject can 
possibly be considered and discussed in one evening. How 
many subdivisions seem to branch out of the one from the 
other may be seen from Diagram A (diagram exhibited). 
Those on which I intend particularly to dwell to-night are 
darkly underlined, those on which less will be said are under- 
lined lightly, whilst those omitted, on account of the limi- 
tation imposed by time, are left unmarked. 

It must be understood throughout this paper that by 
tool work I mean the cutting off of metal by means of ma- 
chine tools as ordinarily practised in engineers’ workshops, 
and I must confine my attention chiefly to lathes, planing, 
shaping, slotting, and screwing machines. It will be obvious 
that these tools can be considered in regard to a few points 
only, since each tool in itself might form the subject of a 

aper. 

. Tt being assumed that metal has to be tooled off, how 
quickly and cheaply is it practicable to remove it? 

One of the most important items of cost is the rate at 
which the work istooled. This rate depends more upon 
the extent of the surface than upon the quantity of material 
tobe removed. For in most cases it can be removed at one 
cut, and the speed of cut is not much affected by the depth. 
Where two cuts are needed the finishing cut should be as 
light as possible, with a broader advance. ; 

For comparing the time required to tool various surfaces 
it is necessary to reduce it in each case to the same unit of 
surface and of time, such as the number of minutes re- 
quired for tooling a square inch or a square foot, or the 
number of square feet or inches done in an hour. The 
numbers thus deduced have a constant value for all work 
tooled at the same speed with the same width of cut, and 
hence are called ‘“‘ constants.” ; 

** Constants,’’ therefore, furnish the readiest means for 
estimating the time uired to tool similar surfaces 
similarly situated, but of different dimensions. In choosing 
a “constant” for office purposes, such as for estimating, 
arranging piecework, &c., the time in minutes required to 
toola square inch would do as well as any other. But for 
practical use in the workshop, where rapid mental calcula- 
tions are required, these ‘‘ constants’’ are too small in value, 
and involve the use of numbers too high to be convenient. A 
more useful ‘‘ constant’’ is, the number of square feet that 
can be tooled in one hour; such are those shown on all the 
tables. 

The actual value in engineering practice of these 
** constants,’’ and their possible maximum value, is one of 
the chief points which it is the object of this paper to call 
attention to, and it is hoped that valuable information will 
be elucidated in discussion from many of those present, 
who must have had great experience and special facilities 
for observation. 

Since an engineer’s profits are often dependent on the 
time that may be saved in tooling work, it might naturally 
be expected by outsiders, not connected with engineering 
work, that the value of the ‘‘ constants’’ for various classes 
of tool work with various machines had been most care- 
fully attended to, had been tabulated by the cost depart- 
ment from year to year with a view to improvement ; that 
they were well known, and that it was a subject of unre- 
mitting attention to increase their value by the use of im- 
proved tools, improyed steel, improved methods, improved 
arrangements, &c. In other manufactories, such as 
woollen mills, corn mills, saw mills, cotton mills, &c., the 
rate at which each machine can be run has long been thus 
noted. It is often run at the highest practicable speed, 
even so near to its maximum that a very moderate increase 


* Paper read at a meeting of the Leeds Association. 





in the speed of the engine (driving the machinery) would 


cause + mischief. an improvement be brought out 
whereby the work can be increased 10 per cent., then often 
valuable machines are completely set aside to be replaced 
by the new improved ones. 

Very different indeed is the case in most engineers’ works. 
Who studies the greatest amount of work a lathe can be 
made to do, and sees that it is done? Ask an experienced 
turner at what rate in square feet per hour (or any other 
mode of measurement) he can turn. In nine cases out of 
ten he has never attempted to estimate it. Nay, go 
further, ask the foremen, the managers, or the partners 
and in most instances I fear their knowledge is vague an 
scanty; they likewise have scarcely thought about the 
subject. In regard to the speed of cutting, in reply to my 
inquiries I have found but few who have actually observed 
it by means of a foot-rule and watch, their knowledge too 
often being mere hearsay. in, inquire into tlie 
advance, for the most part it will be found to be roughly 
guessed, and while it is admitted that a broad advance is 
quicker than a fine one, to judge by practice it is too often 
treated as a matter of secondary consequence, or at least 
not worth much study. The amount of work done by en- 
gineers’ tools has rarely been the subject of systematic 
analysis, but has been treated with an indifference that 
would long have led to ruin in any other trade, and 
must ultimately do so in this to any firms who may continue 
the present neglect, no matter how good their tools, exten- 
sive their plant, or great their capital. 

Engineers have in general been behind other manufac- 
turers in such matters because of the ter variety of 
their work. This supposed obstacle need no longer exist. 
The ‘‘store’’ system, as exemplified in the works of our 
best agricultural engineers, in some of the manufactories 
of small steam engines, and recently brought into pro- 
minence by the success of the American watches and 
sewing machines, is equally applicable to the most varied 
manufactures (if not on too small a scale), the objects 
being classified in the stores in readiness to supply the 
various tools. 

If the difference between the work done per hour by one 
tool and another, for by the same tool at different times, 
was 5 or 10 per cent., it might make all the difference be- 
tween a profit and scarcely any profit. But the dif- 
ferences are not 10, 15, or 20 per cent., but often 100 to 
200 per cent. I have noticed the rate of tooling small 
flywheels vary from 2 to 8 square feet per hour without any 
sufficient reason. In regard to cutting at the highest 
speed, I have often observed that so little attention is given 
to the subject that the speed of the shaft driving the tools 
varies visibly. In one works, where a great deal was said 
about fast cutting and old lathes were being wey by 
new, I noticed the speed of the engine varied at least 
25 per cent. frequently. Hence it follows either that all 
the cutting edges were constantly spoiled, or else it is 
certain that the average cutting speed was slow. In 
another instance, a mentioned to an engineer, as a 
fact worth knowing, that near Birmingham taps for 
screwing nuts were running at 15ft. per minute, he said it 
was quite an everyday occurrence ; but when I had induced 
him to look at his own machine, the speed was under 6 ft. 
per minute. 3 ‘ 

It is in special work repeated again and again that par- 
ticular attention having been directed to select a machine 
well suited to the work the ‘‘rate of tooling’’ rises to its 
highest value. Yet in the same shop, at a few yards’ 
distance, may be seen, day after day, work tooled at 
less than half speed, the slowness apparently being unper- 
ceived. 

Hence the value of some ready means of testing the 
performance of each tool by comparing it with some 
standard. The constants already described should be such 
standards. - 

‘*Constants,’’ to be readily used and properly applied, 
should be founded on personal observation, by measurin; 
the best examples of rapid and good work, and they sho 
be corrected by experience and careful inquiry. 

To determine a constant, the area of any surface tooled 
might be divided by the observed time. For example, if a 
pulley 7 ft. diameter, 1ft. wide, were turned in five hours, 


as the area is 22 square feet, ead, so 4.4 square feet 


hour would be the constant for such pulleys. 
“Yr Deft. . pulley 6 in. wide at the same rate would take about 


a say less than 1} hours. 


The best way to ascertain ‘‘ constants” is to note the 
speed of cutting and the number of such cuts per inch in 


th. , 
“Thus if the “speed of eut’’ were 15 ft. are te yy and 
x 
11 cuts per inch, the area per hour would be itxi2 or ji 
x5.= 7 say 7 square feet. 

Hence the simple rule. To find the area in feet tooled per 
hour, divide five times the —s by the number of cuts per 
inch. As no fractions of a foot are needed, the calculation 
can easily be made mentally. 

Speed 20 ft. per minute, advance 32. 


100 
=~ = about 3sqr. ft. 
32 


In the first place the “advance,” or the number of cut*® 
per inch, should be observed by actually counting the cut® 
inlin., or fraction of an inch. (If the advance be too 
fine to be readily counted, it is too fine for ordinary work, 
and — be sree. The eye rapidly learns to judge 
the advance with surprising accuracy. % 
The speed in feet =e calenie equals five times the speed in 
inches per second. Thus 3in. per second equals 15 ft. per 





minute. 





To find the speed of small diameters, multiply the dia- 
meter in inches by the number of revolutions in 16 seconds, 
say a quarter of a minute. Example: If a 3in shaft 
make 8 revolutionsin a quarter of a minute the speed will 
be 8x 3=24 ft. nearly. 

For large diameters it may be remembered that at 16 ft. 
per minute there will be as many seconds to one revolution 
as there are inches diameter. Hence divide the diameter 
in inches by the seconds toa revolution, and multiply by 16. 

Thus a 5-ft. wheel makes one revolution in 48 seconds, 


alt 14 x 16=20 ft. 


In planing, shaping, and slotting machines, if the tool 
return at the same speed as in cutting, the effective average 
speed is half the actual cutting speed. If the return be at 
peer the cutting speed, the effective speed is two-thirds 
of this. 

Example: If the s of a planing machine were 18 ft. 
forward and 18 ft, back, the effective speed would be 9 ft. ; 
but if it were 18 ft. forward and 36 ft. back, the effective 
cutting speed would be 12 ft. 

In this class of machine the cutting tool traverses beyond 
the work ; obviously this is a loss of time, which is test 
in short lengths, In calculating the time required the extra 
travel must be added to the actual length to be planed. 

Thus, suppose in a planing machine the tool travelled 
6 in. more the work, in planing a surface 1 ft. long 
the tool will travel 1 ft. 6 in., or cent. more ; in 
planing a surface 10 ft. long. the tool travel 10 ft. 6 in., 
or only 5 percent. more. Suppose in each case the surface 
was 1 ft. wide, and the constant 3, the areas must be con- 
sidered as 14 sqr. ft. and 10} sqr. ft. respectively, and the 


time will be 4=4 hour and ” =34 hours. 


A tool is only actually at work when cutting shavings. 
The time spent in fixing, preparing, changing work, grind- 
ing tools, &c., is lost, The cutting edges are then idle. 
Judging by the number of shops in which machine-men 
grind their own tools, often idly watching their work, and 
then stopping it to grind, where no system of supplying 
ground tools has been introduced, where no centring ma- 
chines are employed, no staff of “‘ liners-out,’’ few facilities 
for lifting and fixing, where one piece of work is not 
brought before another is removed, it appears that the time 
in which tools are not cutting out, but are (i.e., the tools, 
not theirattendants) simply idle, is very far from being 
generally appreciated. From observation made in a works 
employing over 1000 men, I concluded that, with small 
tools on general work, from 40 to 60 per cent. were often 
in the above sense idle, whilst in the best-managed shops 
(all on piecework and doing the same class of work day 
after day) more often 30 than 20 per cent. were idle. I do 
not propose to discuss shop management to-night beyond 
calling attention to the fact that from this cause alone one 
foreman may turn out as much work with 30001 of tools as 
another with 50001., and I am of opinion that in most 
shops it would not be difficult to increase the work done 20 
per cent. simply by remembering it is not sufficient for the 
attendant to be busy, his tool must be actually “in cut’ as 
many hours as possible—say, not less than 40 to 45 hours 
per week, instead of perhaps 25. 

Assuming that the time of cutting may be increased 
abont one quarter and the speed of tooling surfaces twice, 
this would make an increase of 1} by 2, or 24 times. This 
applies chiefly to tools smaller than a 12-in. lathe ora 
3ft. planing machine. As a rule large machines (if work 
be forthcoming) tool faster and lose less time. 

There are various hindrances to rapid tool work that 
time will not permit me to discuss, such as the want of 
belt power or of sufficiently strong lathes. It seldom pays 
to use cheap lathes if too -_. For example, if a lathe 
valued at 4001. can tool 4 ft. per hour, and one at 6001. 
6 ft. per hour, the man’s wages being 70/, per annum, 
and the cost of the tools 10 per cent., then the total annual 
expense will be 110/. against 13vl. The dearer tool will 
cost 18 per cent. more, and turn out 50 per cent. more 
work. It might also be shown from simple calculation 
the economy of using the best steel, the best tool-smith, 
grindstones, grinding apparatus, &c., but time will not 


permi 

The actual speeds, as before remarked, vary very much 
indeed in practice, but the ordinary variations are far 
greater than necessity requires. In cutting wrought iron 
it will be readily admitted that a speed of 15 ft. a minute 
can be maintained under nearly all circumstances ; 20 ft. 
will perhaps be admitted; 30 ft. probably denied. The 
speed is chiefly limited because the tool gets warm. With 
an abundant stream of soapy water supplied by means of 
a pump, I have seen 30 ft. maintained ; with water sup- 
plied under the cutting edge, 45 ft. in a short experiment ; 


5 | with heavy tools and a jet of water in. diameter, supplied 


from the town water works under pressure, 20 ft to 25 ft. 
per minute. But as I wish to speak of the ordinary lathe 
with ordinary conveniences, I shall assume no more than 
20 ft. per minute. For cast-iron I assume 16 ft. per 
minute. 

The advance varies from ¥z to ,}; on small work, often 
imply at the whim of the turner or the chance accident 
of the feed gear. The grenton loss of time is due to using 
an advance much finer than repeated experience has shown 
to be necessary. I assume that all roughing work above 
3 in. in diameter, with a second cut to follow, can be done 
at tin. advance. If the work is to be finished at one cat 
the jy in. advance could, I believe, be used for all sizes 

above 2 in., but I have taken , in. to 3 in., z{ in. to 2 in., 

and ¥, in. under 2 in. 

(To be continued.) 





A‘SoutH AMERICAN Bripaz.—A new iron bridge across 
the Zwartkops, just completed under tho supervision of Mr. 
Grier, C.E. bas been opened for traffic. 
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HASSE’S DROP HAMMER. 

A somewuart novel form of power hammer has recently 
been devised by Messrs. M. Hasse and Co., of Berlin, and 
it is now being introduced into this country by Messrs. 
B. and S. Massey, of the Openshaw Steam Hammer 
Works, Manchester. This tool, of which we annex illus- 
trations, was brought first into public notice at the recent 
Berlin Exhibition, where it attracted considerable atten- 
tion. Although presenting somewhat familiar general 
features, this hammer has several distinctive details, 
which are said to entirely remove the defects generally 
met with in drop hammers or stamps. The hammer head 
is attached to a broad wooden stem which passes between 
two rollers at the top of the machine, and the pressure 
upon the stem from these rollers is controlled by means 
of a lever, so that the stem can be held or released at 
will. It is inthe form of this stem that one distinctive 
feature of the arrangement exists; instead of being of 
uniform thickness throughout, it is tapered as shown, 
the upper end being about # in. thicker than the lower. 
One advantage of this tapering stem consists in the ease 
with which the tup can be controlled, as a very slight 
pressure of the controlling lever is sufficient to exert 
sufficient grip of the roller to arrest the stem, even through 
the whole range of fall. In addition to this facility in 
stopping the tup in any position, it remains in that 
position until the rollers are released by the controlling 
lever. The slight pressure on the stem requisite for work- 
ing the hammer involves also a very insignificant degree of 
wear, so that the stem is far more durable than the 
parallel ones hitherto employed. By a simple device the 
stem is prevented from rising too high and thus bringing 
the tup in contact with the friction rollers. For a length 
of about a foot at its lower part, the stem is made parallel 
and its thickness is reduced, as shownin Fig. 5. By this 
means if the stem is thrown up so rapidly that the lower 
and parallel portion passes between the rollers, the 
latter, not being able to advance closer together, cease to 
grip the stem, which falls until the shoulders upon it 
rest on the rollers, and these when separated allow the 
stem to fall between as already described. The machine is 
driven by two belts, one open and one crossed, and the speed 
given to the friction rollers is about 120 revolutions per 
minute. Fig. 3 shows the arrangement for varying the 
position of the rollers by means of the lever, and Fig. 4 is 
a diagram of their relative positions at different points in 
the travel of the stem. Of course the system is applic- 
able to any sort of framing, and for stamping purposes 
a double frame is generally employed. 

Although these hammers have been introduced only a 
short time they have already found their way into a large 
number of works, their simplicity of arrangement and 
ease of manipulation, combined with a facility for deli- 
cate adjustment, recommending them strongly for many 
classes of work. 





PIAT’S OSCILLATING FURNACE, 

A new form of portable crucible furnace has lately 
been introduced with great success in France by M. M. 
A. Piat, of Paris, and the construction of which will be 
understood from the engravings on the opposite page. 
Of these, Fig. 1 is a longitudinal section through the 
centre of the furnace; Fig. 2 is a sectional plan on the line 
© D; Fig.3 isa front elevation ; and Fig. 4 is a section on 
the line GH of the heating chamber to the rear of the 
furnace. The apparatus consists of a rectangular sheet- 
iron chamber lined with firebrick A. The bottom of this 
chamber is formed with grate bars, and near the top is 
a projecting spout, also protected with firebrick. The 
top of the chamber is covered in with a firebrick slab. 
On the grate bars, and in the centre of the chamber, is 
a cylindrical mass of firebrick, on which the crucible B 
rests; this crucible is held in place by a projecting lip. 
The chamber is encircled by an iron strap, carrying on 
opposite sides two trunnions, by means of which it can 
be lifted and manipulated, It rests upon circulars bars 
placed on an iron frame built into the brickwork of the 
furnace. Below may be placed, if desired, an open iron 
vessel to receive the contents of the crucible should the 
latter break. This vessel is not shown in the drawing. 
The space around the crucible is filled in with fuel, and 
air is supplied by a fan through an opening in the fur- 
nace, which can be closed by the damper G. The pro- 
ducts of combustion pass through a passage H in the top 
of the furnace, a projection in the movable chamber 
making a close joint with the fixed portion, as shown. 
They then pass downwards through the chamber I, 
which is fitted with a grate, see Fig. 4,,and on to the up- 
take R. This chamber lis employe+! for the preliminary 
heating of ingots, old brass, &c., which are afterwards to 
go into the crucible. In another arrangement, the space 
below the grate of I is filled with vertical iron tubes 


through which the gases of combustion pass, heating the | ¢ 


air which is afterwards to supply the furnace, and which 
is introduced through an opening in the brickwork. 
When it is desired to pour the contents of the crucible 
the chamber is raised by the trunnions either with a crane 
for the larger sizes, or by suitable handles for the 
smaller ones. In another arrangement, the whole of the 


furnace is mounted on wheels, a small crane being 
attached to the frame. The advantages claimed for this 
arrangement are a marked economy of fuel and labour, 
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MANUFACTURED BY B. AND S. MASSEY, MANCHESTER. 
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rapidity of melting. As wo have already said, this form 
of furnace is being largely introduced in France, and the 
experience obtained with it appears to bear out the 
various claims made for it. 








HYDRAULIC COMPRESSORS FOR GUN 
CARRIAGES.* 
Description of the Compressors on the Krupp, Rendel, 
and Vavasseur Systems. 
_ (Continued from page 349.) 
Hydraulic Compressor with varying Holes and Con- 
stant Resistance.—In this compressor the holes in the 
piston are automatically contracted as the carriage recoils 
on the slide. 
us endeavour to ascertain the law of variation of 
these orifices in the case where it is desired to obtain a 
constant resistance of the compressor, supposing the 
hydraulic cylinder has no air space and is completely filled. 
_ We shall n t the friction of the liquid against the 
sides of the orifices ; it may be taken into account in the 
formule by using a suitable coefficient. It was for a long 
time thought that it was this friction which opposed the 
recoil, but it has little influence relatively to the great 
energy communicated to the liquid to make it pass from 
one side of poe to the other through very small 
orifices. We will suppose that the fiow is that through 
orifices in a thin plate, without taking into account the 
contracted vein, and shall consider the motion as starting 
from the moment when the carriage has its maximum 
velocity of recoil. 
ne the same notation as previously employed putting 


A, area of the cross-section of the hydraulic cylinder, de- 
ducting the area of the piston rod if necessary. 
a, area of the orifices when the carriage has recoiled a 
distance 2. 
V, velocity of recoil of the system at this instant. 
» initial area of the orifices. 
e, maximum speed of recoil, viz., speed of the system at 
the commencement of motion. 
a, angle of inclination of the slide (positive or negative). 








a greater durability of the crucibles, and increased 


* From the Revue d’ Artillerie. 


























8, density of the liquid filling the cylinders. 
F, total resistance checking the recoil. The resistance F 
is made up of : 

1. F’ the resistance due to the hydraulic compressor, and 
ome to the total pressure that the piston exerts upon the 
iquid. 

2. F” resistance due to the friction of the various parts 
of the carriage in motion, and to the incline of the slide. 

We know that 

F!'=W (sin. «+f cos. a) s - (3) 

The velocity of flow of the water through the orifices is 

at any given moment, wh 


a 
It is evidently equal to the velocity of flow due to the 
pressure F' inside the hydraulic cylinder, a pressure ex- 
pressed in height of column of liquid, viz. : 
v=/29H, 
or substituting for v and H their values, 
VA_, [2g 
— 3A ‘ . - (4 
But, by definition F’ is constant ; the second member of 
the equation being constant, we obtain 














yA = const. = VoA 
a a 


consequently, 








F! = 6a* Vo? 
294," 
and 7% 
3.2 
r=4 Ye +W (sin. «+f cos. «) (5) 
Dividing both sides of this equation by the mass M of the 


system in motion, we have : 





F _3A*V,? R _dv. 
i aw oe g (sin. a+f cos. a)= at? 
ais negative, because F is opposite to the direction of 
motion. Integrating, we obtain 
8 A*V,? p de 
V=V, ———2. ~at . f= —. (6 
| Frey t2 (cin. f cos «| Ti (6) 









































Nov. 21, 1879.] ENGINEERING. 397 
The weight of liquid which fi duri il is equal 

PIAT’S PORTABLE OSCILLATING FURNACE. to AL tore set ine cig em 
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substituting this value of a,” in (6) and (7) we obtain for 
the equations of motion the mach simpler expressions, 





e=Vot—a] 24° Vo ay (ain, artfeoe. «)] &, =“ 
° af D Wan *2 (in. a-tfeos. a) | #, (2) T= 
an equation of rectilineal motion uniformly retarded, ree 
should be the case, the resistance hevies been as.| Diiminating ¢ from (10) and (11), we have 
sumed to be constant. 1-2 
At the end of the recoil Veta 7. 
V=0, e=1. 
Therefore, the duration of recoil, The velocities decrease as the ordinates of a parabola, 
T= Vo .  « (8) | which we sheoniy are aware of, since the motion is uni- 
8 A* Vo? ‘ form] > 
2 W a,? +eGh-ntfuna We have previously seen that 
substituting this value in (7) we find, Vue) ; 





gla® 1 (9) Vo 4% 
Ww 1—29L (sin. +f 008. a) substituting this in (12), we obtain 
Vo? 





a=a,A| 1— + F 





V=Vo- 4, Gore Ss es the velocities of recoil, viz., as the ordinates 
2=Vot~ Vo e . « (11) | , Note.—Equation (9) may be directly found in the follow- 
4¢ ing manner : 





The area of the orifices varies therefore at 


therefore : i i 
Wwe afl Ai Ye + W (sin. «+f cos. &) 1, 
when is derived. 7 1 
‘=> ~~ 
asians we SslGdnatfeney ° ™ 








that is, we find again equation (9). 
Analysis of equation (9). If 
Vo2<2gl (sin. a+f cos. a), 
@,? is a negative, and the problem is impossible, as is evi- 
dent, since the friction and incline of the slide suffice to 
stop the system in a length less than J. If 
V_’=2 91 (sin. &+/ cos. a) 
@,*=@, which should be the case since the recoil takes 
lace in the required limit without requiring the compressor. 
Vor 2g (sin. a +f cos. a) 
@* rapidly diminishes. For 


Vo°=0 
arnt deel ge 
sy is the minimum limit of the opening at starting. 
=0, a=0, 
we obtain the same value : 
a,?= 9ta° A° ’ 


Ww 
which is in this case independent of V,. 

This isa very remarkable property of this compressor, 
acd may be more clearly expressed thus : Ifa carriage with 
horizontal slide, fitted with a hydraulic compressor having 
variable orifices and constant resistance, is mounted on 
rollers, the length of recoil is always alike and consequently 
depends neither on the initial velocity of the projectile, nor 
on the charge of powder nor on the angle of elevation. 

We obtain from (9) : 


1 1 


6 A® 429 (sin. a+f cos. a) 

iy ae . Vo" 

This equation shows that 1 increases if V, increases or q 
diminishes ; but as the orifices close at the distance | the 
recoil will be forcibly stopped. 

Consequently if there be found from (9) or (14) the open- 
ing of the orifices for the least velocity of recoil due to the 
lowest charge and greatest angle of incline of the slide, the 
length of recoil will be constant under all circumstances ; 
the resistance of the compressor will no longer be constant, 
but increasing, and will be more or less progressive accord- 
ing to the values of V, and @, 

he conclusions drawn from an examination of equation 
(9) are very important in the case of casemate or naval guns, 
which have to be loaded when run back, and which should, 
therefore, always return to the same position after firing. 
(To be continued.) 











Tue Position or Nava EnGingERs.—The hopes of 
naval engineer officers have been recently revived by the 
appointment of Admiral Sir Cooper Key, as Senior Sea Lord, 
and the inquiries which have been subsequently set on foot 
as to the manner of counting time for promotion. The fact 
has also been hailed with satisfaction that in the new edition 
of the Queen’s Regulations and Admiralty Instructions the 
duties and responsibilities of the engineer officers are for 
the first time clearly defined. It is ordered that the 
engineer officer is to have charge of and be responsible for 
the efficiency of the machinery and boilers of the ships and 
boats, all auxiliary engines for whatever purpose fitted, 
all pumps connected with bilges and double bottoms, and 
everything belonging to them, distilling apparatus, iron 
gun carriages, screw-lifting ap’ tus, turret engines and 
gear, hydraulic machinery and gear for guns and turrets, 
ventilating, steering, and capstan engines and gear, _ 
draulic B aro winches for hoisting projectiles, watertight 
doors, sluices, and valves, including horizontal trap and 
flap doors, and vertical hinged doors between decks, engine- 
room fire extinguishing no yerawn instruments for tele- 
graphing signals, Whitehead to oes and submerged dis- 
charging tubes and gear, and such other parts of the hull 
onl teal bottoms as are in his charge wholly or jointly 
with other officers. Being cha with such onerous 
duties, the engineers are nat y asking for a com- 
mensurate improvement in their pay and position; and 
taking into consideration the fact that when the report 
of Sir A. C. Key’s Committee was before Parliament, 
the then First Lord (Mr. Ward Hunt) gave the House 
to understand that the portions of the report then 
ado} were only to be considered as an instalment 
of the debt that was due, the officers have asked that 
the recommendations of the committee may be com- 
letely carried out, with two. modifications, the one re- 

ing to the retirement of engineers, and the other to the 
‘oan of counting junior time. The existing regulations 
on the latter subject bear with exceptional severity on the 
engineering branch. The Admiralty have pra He 
engineers of eight years’ seniority to rank with, but after, 
lieutenants, and have granted a widow’s pension corre- 
— g to the higher rank ; and the officers now ask that 
t position may be further assimilated by their being 





permitted to count senior service from the date of their 
obtaining lieutenant’s rank.— Times. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mripp.izesBRoveH, Wednesday. 

The Cleveland Iron Market.— Yesterday there was 
larger attendance on ’Change at Middlesbrough than there 
has been for several weeks past. Nominal the prices 
were exactly the same as they were in our » but 
the aspect of trade was considered better. Messrs. Connal 
and Co., the warrant storekeepers, have now a stock at 
their Middlesbrough establishment amounting to 91,500 
tons, and at their Glasgow yards they have 375,215 tons in 
stock. At Middlesbrough they are receiving about 400 tons 
daily, and are delivering ex store as well. Pig makers still 
ask 45s. per ton for No. 3. The average price of merchants 
for that quality is 42s., and very weak holders are ready to 
sell small parcels for immediate delivery as low as 41s. per 
ton. During the last fortnight the shipments of pig iron 
from Middlesbrough have not m so heavy as they were 
the previous fortnight, but it is expected that when the 


returns for this week arejmade up they will show a con-| K 


siderable increase. 


The Finished Iron Trade.—There isa marked improve- 
ment in the finished iron trade. Most of the works have 
orders in hand, which will keep them occupied for the next 
few months, and they are pressed for early delivery. Prices 
have advanced, being based on ship plates selling at 71. per 
ton. There is every prospect of better trade, and prepara- 
tions are being e for re-starting works which have been 
idle for months. 


The Mineral Rates on the North-Eastern Railway.— 
During the week there has been a good deal of talk about 
the mineral rates on the North-Eastern Railway. It will 
be recollected that some time ago when trade was in a de- 

»ressed state, the directors of the railway were a led to 
the Cleveland mineowners and the North of England 
blast furnace owners to reduce the traffic rates, and that 
a rebate of 15 per cent. on the carrying charges was made. 
This concession was a great relief to those engaged in the 
iron trade and was aay | appreciated. As the time during 
which the rebate was fixed to operate expires on the lst of 
January next, some person has circulated a report that the 
North-Eastern Railway Cemreny, bare given notice that 
the rebate of 15 per cent. will iscontinued. This report 
is simply untrue. We are in a position to say that the 
North-Eastern Railway directors have not even discussed 
the question, and no notice whatever of any change in 
the rates has yet been issued. Should the rebate be dis- 
continued, it would be equivalent to raising the cost 
of pig iron 1s. 6d. per ton. It is only reasonable 
to expect that when the directors consider the question at 
their next meeting, they will deal with the test fairness 
and consideration to the iron trade, from whom they derive 
the most of their revenue. It is also reasonable to suppose 
that as trade is only slowly improving, the mineowners 
and ironmasters will probably have something to say about 
discontinuing the rebate, and will suggest that if any 
change is necessary, certainly something more gradually 
than the charge of 15 per cent. at once should be made. 


Engineers and Shipbuilders.—There is a further im- 
provement in these branches of industry. A few more 
orders for steamers have been obtained by Tyne and Tees 
om. eee and the marine engine builders are filling their 

ooks. 


Wages of Tronworkers.—As was expected, the iron- 
workers of the North of England have given notice for an 
advance of 1s. 6d. per ton on puddling, and 15 per cent. on 
all other forge oon millmens’ wages. It is expected that 
the question will be referred to arbitration, and will be 
speedily and amicably settled. 

nding 


The Coal and Coke Trades.—There is a corres 
improvement in the coal and coke trades com to the 
brightening prospects of the iron trade. 


NOTES FROM THE SOUTH-WEST. 
Wages in the Forest of Dean.—Them r for Messrs. 
Crawshay and Sons’ Forest of Dean mines informed their 
workmen, on Tuesday, that the firm would grant 5 per 
cent. of a 15 per cent. wages advance asked. The em- 
ployés declined to accept the proposed advance, stating 

that wages have been reduced 50 per cent. since 1872. 


The a ee Works.—Twe furnaces are now in full 
blast ; and such is the expedition used by the railmen, and, 
in fact, by the workmen gant , that fully 500 tons of 
rails are being made weekly. ork is incessant, and at 
midnight boatloads of rails are steadily progressing to- 
wards Cardiff. This week preparations will begin at 
Ynysfach. 

South Wales Coal and Iron.—The shipments of coal 
and iron from the South Wales ports during October were 
very large. The foreign coal shipments from Cardiff have 
never been exceeded, and are far in excess of the coal ship- 
ments to foreign parts from Newcastl®, which has hitherto 
held the first place among the coal suipping ports of the 
United Kingdom. The shipments last month from Cardiff 
were 364, tons; Newport, 85,185 tons; Swansea, 
54,002 tons; Lianelly, 7783 tons. The shipments for 
October, 1878, were— Cardiff, 332,451 tons; Newport, 
64,408 tons ; Swansea, 51,382 tons; Llanelly, 6713 tons. 
The coastwise shipments were— Cardiff, 76,610 tons ; New- 

rt, 86,179 tons; Swansea, 59,020 tons; Llanelly, 9359 

ms. The coastwise shipments for October, 1878, were— 
Cardiff, 61,516 tons; Newport, 75,513 tons; Swansea 
18,223 tons ; Llanelly, 9457 tons. There were also shipped 
from Cardiff last month 2834 tons of coke ; from Newport 
1012 tons, and from Swansea 507 tons. From Cardiff t 
pA remem eyed tons of patent fuel, and from Swansea, 
16,370 tons. The shipments of iron from Cardiff last month 








—* 13,004 tons, the } t shipments made for some 
ime. 


From Newport, 3262 of iron were shipped ; and 











Shipments of coal to foreign 
hed 307,096 
as a foreign 


from Swansea 772 tons. 
ee from Newcastle a tober only 

ms. Cardiff, therefore, the first place 
coal shipping port. 

Spanish Ironstone for Cyfarthfa.—It is stated that 
Messrs. Crawshay have entered into a contract for a 
supply of 150,000 tons of Spanish ore from Bilbao, the first 
consignment of which has arrived at Cardiff. 

Watchet.—It is the intention of the Ebbw Vale Steel, 

Coal, and Iron Company, Limited, to recommence worki 
the mines on the Brendon Hills, which have been 
closed since the 13th of May. From an insignificant vil- 
lage of four or five houses, owing to the working of the 
mines, a little town sprang up, with a church, &c. At the 
closing of the works many of the hands were provided with 
work in Cornwall, and at Newport. At present the place 
is a deserted village. The mines have been allowed to be- 
come flooded, but pumping operations will at once com- 
mence at two of the mines at Gupworthy, and one at 
ennisham. 
The Morlais Tin-Plate Works.—These works have been 
purchased by a S Company, and, after years of 
idleness, operations have been recommenced. In a few 
days the works are expected to be turning out tin-plates. 

The Trade of Bristol.—For some years the wharves and 
quays of Bristol have not presented such an appearance of 
busy activity as they do now. Indeed, there seems hardly 
room to convey and carry away the cargoes. On Wednes- 
ro close upon 6000 tons of shipping entered the Bristol 
(Old) Docks. 

Bristol Tramways.—The directors of the Bristol Tram- 
way Company are applying to the of Trade for a 
license to use tramway engines on the Horfield route which 
is about to be constructed. 











NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Cums ee | Ra wy — The be t = 
opened very on morning, and prices ly 
improved to the extent of 1s. 4d. per ton ; by the close, how- 
ever, 4d. of that advance was lost. Warrants opened at 
55s. 1}d., being an advance of 1}d., and went up to 56s. 4d., 
the market closing in the forenoon with buyers at 56s. 3d., 
and sellers at 56s. 4d. cash. Prices varied in the afternoon 
from 56s. to 55s. 9d., and thence to 56s. cash, and from 
56s. 3d. to 56s. 6d., and 56s. 3d. one month, buyers at the 
close offering 56s. cash and 56s. 3d. one month, and sellers 
asking 1$d. more per ton. Friday’s market opened 
quietly, and prices were rather weak. Quotations opened 
at 55s. 9d. cash, or a decline of a ton, and ed to 
55s. 6d. cash, and from 56s. 3d. to 55s. 9d. one month. In 
consequence of the coalmasters having helda meeting in 
Glasgow, at which they expressed themselves very reso- 
lutely in regard to the conduct of the miners, there was a 
speculative demand for ig iron in the afternoon in order to 
rovide against a probable strike, and prices went up to 
Fs. and 56s. 3d. fourteen days, and 55s. 14d. cash. The 
close was, however, 56s. cash and 56s. 44d. one month for 
buyers, and sellers 1}d. over; and generally the price was 
ls. per ton higher than at the close on the previous Friday. 
The warrant market was firm at the opening on Monday, 
but the prices fluctuated according to the character of the 
reports that were received from the Lanarkshire mining 
districts. In the forenoon prices started at 56s. 6d. (6d. up), 
at which several lots were disposed of ; subsequently there 
was a decline to 55s. 9d. cash, but the close was 56s. cash 
buyers and 56s. 14d. sellers. Quotations steadily receded 
in the afternoon from 56s. 3d. to 55s. 9d. cash, and from 
56s. 44d. to 56s. one month, the close being sellers at those 
prices, and buyers at 55s. 7}d. cash and 55s. 11d. one 
month, the final price being 3d. under Friday’s close. 
Yesterday’s warrant market was fairly steady, and 
prices were much the same as on the previous day, but 
closed at an advance of 1d. per ton. Business was done 
in the morning at from 55s. 7}d. to 56s. cash, and from 
55s. 10}d. to 56s. 83d. one month, the market closing with 
sellers at the higher quotations and buyers 1}d. per ton 
less. Inthe afternoon from 56s. to 55s. 10d. cash, and 
from 56s. 3d. to 56s. 14d. one month were the quotations, 
the market closing at 55s. 10d. cash and 56s. 14d. one 
month for buyers, and sellers asking lid. per ton more. 
‘There was a steady market this forenoon, when business 
was done at 55s. 11d. down to 55s. 7d. cash, also at 56s. 14d. 
one month, the close being sellers at 55s. 10}d. cash and 
56s. 1d. one month, with buyers near. Business 
was done in the afternoon at 55s. 9d. to 55s. 7id. cash, 
and the market closed with sellers at the higher quotation. 
The feeling is now pretty confidently expressed that the 
market has got out of the — of rash speculation, and a 
good deal of satisfaction is felt at the gradual;improvement 
which is being made; and while the home trade continues 
to develop in all hands the improvement is said to have 
every appearance of solidity and permanency. The steady 
development of the home trade is now manifesting itself b 
a marked desire to buy for forward delivery. There is suc 
ad of activity in most of the fo and rolling mills, 
combinedjwith briskness in the shipbuilding trade, that No. 4 
pig iron is in very special uest. Some small orders 
ave lately been received from America, and several vessels 
have been fixed for the United States, a fact which seems 
to indicate that the American demand is by no means at an 
end. = ogee however, = the Y appeene of ba | penaen, 
large shipping orders cannot now be expected. Pp 
: and prices are almost unaltered, eee hey 


from all Scotch ports amounted to 13,149 tons, as com- 
pared with 7512 tons in the corresponding week of last 
year. 

The Czar’s Great Yacht.—On Monday the steel model of 
this yacht, 24ft. long by 15ft. broad, left the tidal basin 
of Messrs. John Elder and Co., Govan, and shortly after- 
wards proceeded up the river as far as the Partick Wharf, 
where it landed his Excellency Admiral Popoff, of the Rus- 
sian Navy, who was on board. The peculiar appearance 
of the model, with its remarkable proportions, attracted 
considerable attention. She only w a few inches of 
water, and steamed very smartly. The great yacht itself 
is progressing rapidly in Messrs. Elder’s yard, and its 
ultimate completion will be watched with interest. 

Launch of another Cape Mail Steamer.—Another large 
steamer, a vessel of 3500 tons, was launched last Thursday 
from the yard of Messrs. Barclay, Curle, and Co., White- 
inch, for the ‘‘ Castle’ Line of = mail ets, owned 
by Messrs. Donald ie and Co., Londo: {She was 
named the Grandtully Castle by the Countess of Bredal- 
bane, in presence of a very large number of spectators, 
many of whom had travelled from various parts of Perth- 
shire to witness the launch. This new Cape liner is a sister 
ship to the Kinfauns Castle, which was launched by Messrs. 
John Elder and Co. in the preceding week, but unlike her 
consort she is an iron steamer, the masts and yards only 
being made of steel. At the luncheon which followed the 
launch a number of very interesting remarks were made by 
various ers ing the extraordinary development 
of the Cape mail and passenger service, the Currie ‘‘ Castle’’ 
and other lines of steamers, and the extent to which Messrs. 
Barclay, Curle, and Co., the oldest shipbuilding firm on the 
Clyde, have been connected with Messrs. Currie and Co.’s 
several fleets. 


The Forth—Alloa Bridge.—Borings were commenced 
yesterday for the foundations of a railway bridge which it is 
intended to throw across the Forth at Longcarse and 
Rhind Point, about 14 miles above Alloa Ferry. It is 
reported that schedules for the undertaking will be issued 
in a few days, and that the whole line connected with it 
which is calculated to cost 64,0001., will be complete 
within eighteen months. 


NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
The New Systems oa Common Plates.—The 
armour-plate mills of Messrs. John Brown and Co. and 
Messrs. C. Cammell and Co., at Sheffield, are now fully 
employed in rolling composite plates both for the home and 
Argentine Governments. The system of rolling composite 
lates, that is, plates of steel and iron, adopted by Messrs. 
oi. Brown and Co., is that of Mr. J. D. Ellis, chairman 
of the company. In rolling iron plates the sheets of iron 
are put in the furnace, tier above tier, until they are of 
annealing heat, when they are withdrawn and rolled to the 
requisite dimension. In composite plates a totally dif- 
ferent method has had to be adopted. It isas follows: An 
ifon armour-plate is en, and on it is fixed a frame of 
iron bars. he frame is capable of holding a quantit; 

of steel, about half the thickness of the iron plate, an 
when fixed, is placed in the furnace until it bas arrived 
at welding heat. On withdrawal, the frame is filled 
with Bessemer steel, and after being cooled is reheated 
and rolled in the usual manner. The result is that the 
back of the plate, when finished, is of iron, but the face is 
of steel, and, of course, on the quality of the former 
depends everything. One plate, in the rough, which was 
rolled last week, weighed 20 tons, when finished it will be 
9in. thick, 18 ft. long, 4ft. 8in. wide, and weigh 14 tons. 
The resisting power of the new steel-faced plate is some - 
thing wonderful. A shot which pierced a 12-in. iron plate 
only makes an indent of 3in. to 4in. in one of the 
‘* composites.” A 9-in. steel-faced plate is more than 
equal to a 12-in. iron one, As there will be a great saving 
in weight of armour by this principle, the plated ships of 
the future will, it is expected, be more rapid in their move- 
ments, and more economical in their working. Some of the 
tes, to be furnished on this principle, of H.M.S Ajax will 

16 in. in thickness. 


Tramway Engines.—Some very important trials of steam 
tramway engines are being made on the lines of the Dews- 
bury, Batley, and Birstal Company. A license has been 
granted to the company by the of Trade to extend 
the trials over two mon The engines already tried 
have been those of Messrs. Me ther and Sons, London, 
and Messrs. Kitson and fivnn: Lani Other engines are 
expected to be sent from leading makers for the purpose of 
these experiments. 

Engineering.—The Scotch houses have again been suc- 
cessful in obtaining contracts for locomotives, some 
of which it was expected would have been in this 
district. In the meantime, however, engineers are busily 
engaged on tyres, axles, cranks, and other manufactured 

required in the trade, and on these are large profits. 

inery for the iron and steel trades is also in large de- 

. Most of the firms are now finding their men full 
employment. 

Improvement in the Iron Trade.—During the past week 
additional numbers of ironworkers have been put on at the 
mills here, which are for the most part , busy. 

fast, and hematite is fetching 85s. per 
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NOTICES OF MEETINGS. 

INSTITUTION OF CrvIL ENGINEERS,—Tuesday, November 25th, at 
8 p.m. “Of the River Services and the Light Draught Passenger 
Steamers of the Thames, the Mersey, and the Clyde,” by William 
Carson, M. Inst, C.E. 

INSTITUTION OF SURVEYORS.—Monday evening, November 24th, 
at 12, Great George-street, Westminster, a ra will be read by 
Mr. J. Smalman Smith, on ‘“ The Law of tures.” The chair 
will be taken at 8 o'clock. 

THE Soocrety OF TELEGRAPH ENGINEERS.— Wednesday, 
November 26th, 1879. Council meeting at 7 pm. Ordinary 
general meeting at 8 p.m. “ Note on the Use of Condensers,” by 
Felix Garay, Foreign Member. 
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THE ACOUSTICAL IMPROVEMENT 
OF LARGE HALLS. 

On Saturday afternoon last a private concert was 
given at the Steinway Hall, by Mr. Joseph Williams, 
of Berners-street, to which many of the leading 
scientific men were invited. The special object of 
this concert was not so much the enjoyment of the 
performance of vocal and instrumental music, 
although the names of several well-known artists 
appeared in the programme as vocalists, but was 
given in order to test and exhibit an apparatus, the 
invention of Mr. A, C, Engert, for the improvement 
of sound by the inducement of a series of sympathetic 
Vibrations in metallic plates, forming a special 
apparatus fixed in the neighbourhood of the per- 
formers, 

It is of course well known that the proportions 
of a room, as well as the character of the surface 
and contour of its walls and ceiling, exercise an all- 
important influence on its acoustical properties, and 
that even when every care has been taken in the 
designing of a concert hall or opera house to 

roportion the relative dimensions of its parts, as 
ar as present knowledge of the subject can suggest, 
80 as to obtain good acoustical results, it too often 
follows that the desired end remains to a great ex- 
tent a matter of chance, and it is a curious fact that 
two buildings built upon the same model, and of 
identical proportions, often have totally different 
acoustical properties, and that a building may have 





its acoustics altogether altered for better or for 
worse, as the case may be, by the addition of deco- 
ration in the form of mouldings, cornices, curtains, 
and banners, and it has recently been pointed out by 
Dr. C. W. Siemens, F.R.S.,* that even the lighting 
of the gas in large buildings, such as the Albert 
Hall, by producing lamin of heated air, can ma- 
terially affect the acoustic conditions of the struc- 
ture. It is obvious, therefore, that any contrivance 
which would enable the designer of a building in- 
tended for music or for public speaking, to insure 
against acoustical defects in his structure, or which 
would ag nh its capacity for the distribution of 
sound in the auditorium, would prove of the highest 
value to engineers, architects, builders, and con- 
tractors, as well as by all interested in the building, 
renting, or using of such places of public resort, 
and there have from time to time appeared schemes 
of one sort or another having the attainment of 
those very desirable objects in view. 

The acoustic defects of large buildings are 
brought about by one or more of the following 
acoustic phenomena, and in some cases by all com- 
bined. (1) Dispersion, by which in large and lofty 
buildings, such as many of the magnificent Gothic 
cathedrals, the greater part of the sound waves 
produced by the human voice are free to wander 
away through great distances, until they expend 
themselves among the arches and galleries of the 
roof, and in the cavernous recesses of the chapels and 
transepts, leaving but a small proportion to reach 
the ears of the people in the body of the hall. (2) 
Resonance, by which discordant reverberations are 
produced, commencing nearly simultaneously with 
the note or sound by which they were originally in- 
duced, but continuing for some time after the 
original sound has ceased, and, therefore, interfering 
with the notes that follow. This is a common de- 
fect of domed and vaulted buildings, and the pheno- 
menon may be observed in empty houses, and very 
often in tunnels in which it is combined with reflec- 
tion or echo, with which it must not be confounded, 
although the two are seldom, if ever, found apart. 
Resonance is chiefly attributable to the sympathetic 
vibration of the air held within the vaults of the 
roof, or within a dome or gallery set up whenever a 
note is sounded whose period of vibration corre- 
sponds with that of the space in which the resonance 
is produced. But what is perhaps the most serious 
cause of defect in moderate-sized buildings is (3) the 
acoustical phenomenon of reflection or echo. It is 
by acoustical reflection that the sound waves 
travelling away from the speaker in all directions are 
arrested in their course by walls, ceilings, arches, 
and other reflecting surfaces, and are thereby pre- 
vented from exhausting themselves in space by being 
turned back in directions determined by the nature 
of the reflecting surfaces, and their positions with 
regard to the original source of sound; and were it 
not for the comparatively slow speed with which 
sonorous vibrations travel, reflecting surfaces would 
improve and intensify the original sound in both 
large and small buildings, much in the same way as 
a number of mirrors in a room improves its 
illumination by reflecting back a large proportion of 
the light which would otherwise be dispersed or 
absorbed. 

It is generally considered that the quickest speed 
of talking which can be sstioahited clearly and 
heard distinctly, is five syllables per second, and 


as the velocity of sound is only 1125 ft. per}- 


second it follows that in the time which elapses 
in quick talking between the articulation of one 
syllable and that of the next, the same sound could 
travel 225 ft., so that if a reflecting surface be. 
1124 ft. distant the reflection or echo of the first 
syllable should be heard at the moment the 
second syllable was being articulated, and would 
therefore clash with it as would the second with the 
third, and so on, and if there were other reflecting 
surfaces at distances two, three, and four times the 
distance of the first, their reflections or echoes 
would interfere with the second, third, and fourth 
syllable respectively from the first spoken syllable, 
and thisclashing or interference of sounds, so de- 
structive to the audibility of a speaker, is almost 
more serious for a singer, as notes are introduced at 
the wrong time, giving rise to discords and false 
combinations, and producing what has been called a 
‘* woolliness of outline” to the music which is being 
performed. Reflecting surfaces in close proximity to 
the source of sound improve and strengthen it as a re- 
flector behind a source of light intensifies its front 





beams ; it is only when the distance of the reflecting 
surface from the source of sound is such that the time 
occupied by a sound wave in traversing that 
distance and returning again occupies, say, the fifth 
of a second of time or more, that the reflection 
becomes an echo and is injurious to the acoustical 
at dn of the building. In fact the difference 
tween what is called a useful reflection and an 
injurious echo is merely one of distance. The 
common sounding-board above a pulpit — which 
in this country is too often a disfigurement 
and an outrage upon architectural taste, and in 
Belgium and some other Continental cathedrals is 
made an exquisite piece of xsthetic ornament— 
is an instance of the use of a reflecting surface close 
to the source of sound not only for directing the 
sound waves on the audience, but for shielding them 
from two of the evils to which we have just alluded, 
namely, dispersion andecho, If sounding-boards of 
the same angular dimensions with respect to the 
eaker were placed at distances from him greater 
than 112 ft. they would do nothing but harm, injur- 
ing by so many more sources of echo the acoustics of 
the structure in which they were fixed, Closely allied 
to and associated with the phenomena of reflection 
and echo is that of (4) interference, whereby sound 
waves are neutralised or intensified according as the 
return or reflected waves meet others advancing in 
sucb a manner as to destroy or to coincide with 
them respectively; in other words, if they meet 
crest to trough or crest to crest, the former pro- 
ducing more or less a silencing of the sound and the 
latter an augmentation of it, and as these silencings 
and augmentations, from the very varied wave 
lengths of the sounds constituting either musical 
compositions or articulate speech, are altogether 
promiscuous in their occurrence, it follows. that 
audition is, by the phenomenon of interference, con- 
fused to a very serious extent. There is one 
more source of acoustical defect in large rooms, and 
that is (5) sympathetic vibration of sonorous bodies 
within it; this phenomenon is closely related to that of 
resonance mentioned above, but it differs from it in 
the manner in which it is produced. It is well known 
that a piano ora harp placed in a room in which acon- 
cert is being performed, although not being played 
upon, gives out a large proportion of the music being 
performed, and a person sitting near it can hear the 
music coming from it, as if some ethereal hand were 
laying upon it with the lightest possible touch. 
This very interesting effect is nothing more than 
the taking up by each string the vibrations of the 
air surrounding it, which were thrown into tremor 
by notes emitted by other instruments whose period 
bore a harmonious relation to that of the string so 
affected. But itis not only strings that are so in- 
fluenced —metal plates of various sizes and thick- 
nesses, membranes such as a drumhead or a tam- 
bourine all are influenced by sympathetic vibra- 
tion, and give out corresponding notes, It must 
be familiar to man rsons that even a 
common hat held in the hand in the presence of 
loud music is thrown into a state of vibration when 
certain notes are sounded, which vibration is dis- 
tinctly sensible as a tremor to the hand holding it, 
and we may say generally that anything capable of 
being thrown into vibration with sufficient rapidity 
to constitute a sound may be thrown into sympa- 
thetic vibration by corresponding sounds  ameaapie 
with sufficient force in their neighbourhood. 
We think we may safely say that all the above phe- 
nomena, with the exception perhaps of the first, i,¢., 
dispersion, are with respect to their acoustic in- 
fluence upon a building either decidedly useful, 
harmless, or positively detrimental, according as the 
distance of the disturbing body from the source of 
sound be small or great, Thus the cavity of the 
human mouth, as well as the important parts of 
most musical instruments, are resonators, which not 
only greatly improve the sound, but to which their 
quality, value, and character are chiefly due, Again, 
reflectors, such as 1 sounding-boards and walls 
in close proximity to the speaker or singer, augment 
and intensify the effect as a mirror augments a 
light, and to the resonance and sympathetic vibration 
of solid bodies is due the reinforcement and enrich- 
ment of sound produced by instrumental sounding- 
boards, such as that of a pianoforte, or those of 
other stringed instruments, such as the violin, vio- 
loncello, and double bass, and of which no more 
striking illustration can be given than the familiar 
one of placing the stem of a vibrating tuning-fork 
a resonating body, such as a table or 
hollow wooden box. 





.* Minutes of Evidence before the Select Committee on 
Lighting by Electricity, Answer No. 175. 





Mr, Engert’s invention is the utilisation of the 








400 





ENGINEERING. 





[Nov. 21, 1879. 








phenomenon of the sympathetic vibration of metallic 
lates placed in the neighbourhood of the performers 

or taking up the notes as they are sounded, and 

giving them out again so as to —_ their 
synchronous sound-waves with those produced by 
the original notes, and thus to intensify them and 
give them more body. With this object he places 
behind and about the platform a number of sets of 
sheets of steel of various thicknesses and areas sus- 
nded to framework and attached to one another 

y spiral springs, so that they are free to move 
within certain limitsin every direction, and being of 
very different thicknesses and size, each plate can 
pick out, as it were, its own set of notes which it 
reinforces, and those notes by which any particular 
plate is uninfluenced are taken up by other and 
different sized plates, whose periods of vibration 
correspond to a different set of sounds. At 
the concert, to which we have referred at the 
beginning of this article, Mr. Engert had 
placed behind the performers five sets of sus- 
pended steel , one set being at the back 
centre of the platform, and the others being in two 
pairs, one on each side of the centre, the whole being 
arranged more or less in an arc of a circle embrac- 
ing the platform; and in front of the platform in 
the middle were three smaller sets of plates behind 
which and close to them was placed the pianoforte. 
Each set consisted of five steel plates of different 
sizes suspended in a vertical position parallel to one 
another, about an inch apart, by spiral springs, and 
having a second set of spiral springs which acted as 
distance pieces between them. ‘The five sets at the 
back of the platform were enclosed in flat vertical 
cases, the fronts of which consisted of a set of 
louvre boards, which could all be opened or shut 
together exactly like the opening or closing appa- 
ratus of the swell of an organ, and by closing any 
one set of louvres that particular set of plates could, 
for experimental purposes, be thrown out of use, and 
with a similar object the smaller sets in the front of 
the platform were provided with curtains which 
could all be simultaneously drawn aside or closed 
up by means of strings. 

During the performance of the concert there was 
unfortunately but one opportunity of testing the 
effect of the music, first with the apparatus in use 
and then with the louvres and curtains closed up, 
and this was afforded by one of Signor Foli’s songs 
being ‘‘encored” and repeated, the apparatus being 
in use during the first performance, but shut off 
during the repetition. ‘That there was a difference 
between the two, no one with any pretence to a dis- 
criminating ear could be insensible, but we venture 
to think that the question whether the one was an im- 
provement on the other or not, was a matter purely 
of imagination, and from the opinions of others with 
whom we compared notes, we think that if a poll 
had been called of the impressions of those present as 
to whether the apparatus improved the effect or not 
the ayes would have been about equal to the noes. 
It is only fair, however, to state that it was an- 
nounced by the inventor that the apparatus was far 
from being in good order, and in fact that some of the 
suspension wires had been broken altogether through 
not being of sufficient strength to support the 
weight of the plates. We must confess that we do 
not see the applicability on any extended scale of 
such a system to the improvement of large halls, 
for the reasons cited above, namely, that sympathetic 
vibrations, reflections, and resonances in order to be 
of any use for the improvement of sound must be 
close to its source, and therefore the amount of 
apparatus for the production of such phenomena 
must be very limited, and can in large buildings 
bear but an insignificant proportion to the size of the 
chamber, and to the many sources of defect which 
vastness of size introduces. We can readily believe 
that if the velocity of sound were equal to that of 
light, the multiplication of sets of Mr. Engert’s 
vibrating plates placed all over and above the interior 
of a building, in the roof and arcund the galleries, 
might greatly augment and perhaps improve the 
sound, but as it takes a decidedly appreciable time 
for a sound to travel a distance which can lie 
within a moderately sized concert hall, we cannot 
but think that every set of apparatus placed within 
the building, except in the immediate vicinity of the 
platform, would add to the discordant reverberation, 
add to the echoes produced, and would in short 
be a remedy far worse than the disease it is intended 
to cure. Passing from general principles to matters 
of detail, we fail to see the advantage of mounting 
the plates upon springs ; if we understand the phe- 
nomena correctly we are under the impression that 








the sort of vibration of the plates which is desired is a 
membranous one, and not a bodily swing of the 
whole plate as a mass, which could hardly be rapid 
enough, or be in a condition to be imparted to the 
air so as to reproduce a musical note, and if this 
view of the case Pad» — one, the plates 
might be rigidly fixed by their upper S, Or 
even all round, iike the head of a salle their 
membranous vibration would not thereby be des- 
troyed, but rather improved. 

We are the more sorry to take this view of Mr. 
Engert’s invention (to which the name Orpheophone 
might not be inaptly applied) from the fact that we 
understand it is the result of an experimental research 
extending over more than forty years; it may be, 
however, that we have not properly appreciated the 
reasoning by which he was led to his conclusions, or 
by which he anticipates being able by his invention 
to impart the most admirable acoustical properties to 
buildings of the worst acoustical construction. If we 
have misunderstood him, we shall be only too glad 
to rectify the error by affording him an opportunity 
for the explanation of his undoubtedly ingenious 
apparatus, 


METROPOLITAN WATER COMPANIES. 

Towarps the close of last Parliamentary session, 
Mr. Fawcett drew the attention of the House of 
Commons to the present condition of the water 
supply of the metropolis ; and, in reply, Mr. Cross 
promised to give his earnest attention to the subject. 
By reference to page 152 of our present volume, the 
particulars of the debate will be read, and the 
situation of the question understood as it then 
existed. But, during the present month, the Go- 
vernment have taken the subject practically in hand, 
and the usual notices have been given for the intro- 
duction into Parliament, during 1880, of a Bill, the 
objects of which are to purchase all the existing 
rights of the eight metropolitan companies, and to 
place the future water supply of London under one 
and sole governing authority. Under these circum- 
stances the following analysis of the accounts of the 
companies for the year 1878 will necessarily be of 
interest, not only because of the magnitude of the 
transaction, to which the purchase of the Suez 
Canal shares is as a trifle, but also on account of the 
enormous amount of personal, social, domestic, 
manufacturing, and other interests which the step 
will involve. We shall take the companies in the 
order they are dealt with in the Parliamentary 








Paper, just issued, No. 335 of session 1878. 
irst in order is the Chelsea Company. The 
accounts in this instance are made up for the half-year 


ending 3lst March, 1879. The total paid-up capital 
is stated at 1,152,700/., remaining to be called up 
116,050/., hence total authorised is 1,268,750/7. The 
total expenditure on capital is 1,140,198/., showing 
an addition. of only 6635/. for the half-year. The 
revenue account for the half-year gives the follow- 
ing results. Maintenance, repairs, pumping, &c., 
14,4962. ; general management, salaries, &c., 3744/., 
leaving 27,895/. to be carried to dividend and interest 
account, with a balance of 2000/. to provide against 
losses. On the revenue side the amount of water 
rates accrued is 47,818/., beside some small items, 
The maximum dividend is 10 per cent. on the ordi- 
nary and some other stocks, beside which there is 
about 150,000/. of debenture stock at 4} per cent. 
per annum, The auditor certifies that a sum of 
46,922/. was available for the payment of dividend 
on the ordinary stock of the company amounting to 
615,600/. on 31st March, 1879. 

The accounts of the East London Company are 
made up to the half-year ending 25th of December, 
1878. This company ranks among one of the 
most important in the metropolis, inasmuch, with 
but comparatively trifling exceptions, it enjoys with 
the New River Company, the a of the 
water supply on the north bank of the Thames. 
The total of capital paid up at the end of the half- 
year was 1,955,560/., including 320,000/. of deben- 
ture loan; and 1,624,710/. of ordinary stock rank- 
ing at 10 per cent. There was remaining to be 
called up 64,440/., making a total of authorised 
capital of 2,020,000/. The expenditure of capital 
to end of half-year was 1,967,586/., leaving an ex- 
penditure beyond capital of 5295/. to debit. The 
expenditure for the half-year was 33,945/. for 
maintenance, &c., and 8705/. for general manage- 
ment, leaving 63,408/. to be carried to dividend and 
interest accounts, with a balance of 4500/., to pro- 
vide for losses, The total amount of water rates, 
&c., for the half-year was 108,471/., which with 
other small items gives a total receipt of 110,561/. 


The auditor certifies that a sum of 72,909/. was 
available for the payment of dividend on the stock 
of the company amounting to 1,624,710/. as already 
stated. 

The accounts of the Grand Junction show that 
the total of paid-up capital to 3lst of March, 1879, 
was 1,210,775/., and t the total authorised was 
1,250,000/. The total amount of capital expended 
was 1,201,531/., the expenditure for the half-year 
was 22,705/. for maintenance, &c., and for manage- 
ment 5128/. The amount carried to dividend and 
interest account was 37,733/., witha sum of 2500/. 
to provide for losses. The half-year’s water rates 
amounted to 67,181/. The auditor certifies that a 
sum of 38,283/ is available for the payment of divi- 
dend on 990,055/. share capital of the company, 

The Kent Company, which derives its supply 
from the chalk strata, and has been always noted for 
the purity of its water, is comparatively a small 
concern. Its total paid-up share capital on the 31st 
of December, 1878, was 616,506/., beside 42,000/ 
loan. The total authorised capital is 868,000/. share 
and 8%,000/. loan; 82,744/. share has been issued, 
but not paid. The totai capital authorised there- 
fore is 950,000/., including all items. The total 
capital expenditure to date was 664,293/. The ex- 
penditure for the half-year was for maintenance, &c., 
9535/., and for management 36902 A sum of 
27,8507. was transferred to dividend and interest 
account, and 4000/. provided for losses. The total 
amount of water rates was 42,884/. The auditor 
certifies to a sum of 43,774/. as available for divi- 
dend on the capital, amounting on the 3lst of De- 
cember, 1878, to 616,506/., of which nearly the 
whole can receive a dividend of 10 per cent. asa 
maximum, 

The Lambeth Company derives its supply from the 
Thames, and is one of the leading companies sup- 
piying South London. Tke accounts made up to 

arch 31, 1879, show the following results: The 
total of paid-up capital was 1,346,920/, and of 
authorised 1,559,500/., of which 140,920/. has been 
issued but not paid, leaving 71,760/. to be issued. 
The total expenditure of capital to date was 
1,340,863/. The expenditure for the half-year was 
25,590/. for maintenance, &c., and 4493/. for cost of 
management, leaving a sum of 37,259/. to be carried 
to dividend and interest account, and 5000/. to pro- 
vide for losses. The amount of water rates for the 
year was 70,813/. The auditor certifies that a sum 
of 35,7452. was available for dividend on the share 
capital amounting to 1,108,038/. 

The New River Company, the largest or at least 
one of the most important of all existing water 
works, presents a special interest forinquiry, Until 
recent years its actual position was unknown to the 
outer world, and even at the present time a certain 
amount of mystery hangs over it. Under these 
circumstances, and in view of the possible purchase 
of all the water companies supplying London, it is 
better perhaps to give verbatim the return of the 
company under the “‘ Statement of Share and Loan 
Capital on December 31, 1878.” It is as follows: 

Memorandum.—‘‘ The New River Company’s shares, as 
established by charter, are freehold, and are divided into 
moieties: one moiety, or thirty-six parts, being held hy 
the incorporated ‘Adventurers,’ the other moiety, or 
thirty-six parts, being originally held by King James I., 
and subsequently by persons now called King’s Share- 
holders, who are not incorporated with the Adventurers. 
Both these moieties are again subdivided, and held by 
numerous persons, and being real estate, are subject to 
entail and to trusts for minors. By this Company’s Act 
of 1852 the amount ‘expended’ by the company in their 
works ‘then in existence’ was declared to be 1,519,9581. 
and upwards, and the capital of the wy ond was deemed 
to be 1,519,9581. This Act did not, however, create 
shares or a share capital, or alter or affect the nature, 
rights, or status of the property as existing under their 
charter, the rights under which charter are, by the same 
Act, expressly reserved. This Act authorised the taking 
of certain lands for special improvements in their then 
existing works; and the Company were by that and by 
subsequent Acts in the years 1854 and 1857, authorised to 
raise on bond or debenture stock 1,000,000/. for special 
improvements and for their ‘general purposes.’ The 
amount of this bond debt, as it existed on the 3lst Decem- 
ber, 1878, is here set forth : 


£ 
Bonds at 4 percent. ... sap.) 5 OP 6,800 
Debenture stock at the same period, 
at 4 per cent. ... sae oon ok 959,643 
966,443 


‘** By ‘The New River Company’s Act, 1866,’ the Com- 
were enabled to create a new description of shares, 
tec! to be personal estate, to the amount of 500,000l., 


for their general purposes. The amount of these new 
shares, as Satins on the 3lst December, 1878, is here set 
forth: 


£500,000 





5000 new shares of 1001. each 
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*‘The dividend on these new shares is to be pari passu 
with that paid to the proprietors of the original shares of 
the Company.” 

In respect to the capital account for the half- 
year ended 3lst December, 1878, the following 
statistics are given officially. Total expenditure of 
capital to June 30, 1878, amounts to 2,999,260/. ; 
expenditure during the following half-year 30,878/., 
hence total expenditure to December 31, 1878, 
amounts to 3,030,138/. On the receipt side of 
capital account a lump sum of 2,986,401/. is given, 
but how this amount is made up is left entirely to 
conjecture except from the ‘* Memorandum” just 
given, An apparent balance of 43,737/. is stated 
to complete the balance of accounts, in all 3,030,138/. 
as above stated. 

In regard to costs of maintenance, &c., of the 
New River Company, the items are numerous ; but 
in the total they amount for the half-year to 55,008/., 
while the total cost of management is set down at 
20,1627. On the credit side the receipts are com- 
posed of 200,236/. water ru: «s, or as they are termed 
‘‘ rents,” for New River shai..s carry a parliamentary 
vote with minor items, giving a total of receipts of 
205,136/. The balance carried to the dividend and 
interest account is 118,964/., and an amouns of 
11,000/. is left to provide for losses, 

Beyond the general statement already given from 
the personal relations of the company in the ‘“‘ Me- 
morandum” to its shareholders or renters, there are 
no means of ascertaining what proportions of the 
shares are entitled to specific dividends, as may be 
found in regard to the remaining metropolitan water 
companies, But the auditor certifies that in regard 
to the available balance of profit and loss on the 
3lst December, 1878, a sum of 239,486/. was avail- 
able for the payment of dividends on the capital 
stock or shares of the company, amounting to 
2,019,9582. 

The accounts of the Southwark and Vauxhall 
Company are made up to 3lst March, 1879, for the 
half-year. The stock is of a very miscellaneous cha- 
racter, but the totals are as follow: Ordinary stock, 
863,300/., leaving 160,000/. to issue ; of preference 
stock, 494,700/.; bonds and debenture stock, 
431,431/., giving a gross total capital paid up of 
1,789,4312. out of a total of 2,000,000/. authorised. 
The total of capital expended to 3lst March, 1879, 
was 1,772,105/. The cost for maintenance, &c., 
was 30,735/., and for general management, 5640/. 
Asum of 49,030/. was carried to dividend and in- 
terest account, and 4000/. set by for losses. The 
water rents amounted to 85,1947. The auditor cer- 
tifies that a sum of 37,807/. is available for dividends 
on the ordinary stock and share capital amounting 
to 863,000/. 

Last on the list is the West Middlesex Company, 
whose accounts made up to 3lst of March, 1879, 
give the following results: Number of shares 
issued 16,371, of a nominal amount of 61/. each. 
Total capital paid up, 998,631/.; total authorised, 
1,355,066/. ‘lotal expenditure of capital 970,939/. 
Cost of maintenance, &c., 25,863/.; of management, 
6283/. A sum of 45,643/. is carried to dividend and 
interest account, and 4800/. reserved for losses. 
‘The water rents amounted to 82,361/. The auditor 
certifies that a sum of 110,449/. is available for divi- 
dend on a capital sum of 998,6317. 

Such are some of the most important particulars 
of the accounts of the metropolitan water companies 
for 1878. In a future article we shall analyse some 
of the items in reference to the probable cost of the 
purchase by Government, and enter into other de- 
tails of the present state of the London water supply 
generally. 





THE TELEGRAPH IN PERSIA. 

Tue histories of great telegraph lines are even 
more interesting than those of great railways, for 
since they often penetrate comparatively strange 
and savage countries for long distances, their con- 
struction and maintenance give rise to a fertile 
series of interesting episodes of adventure and 
scientific experience. The charm of foreign travel 
clings round the lonely wires traversing the remotest 
deserts; and so many curious haps and mishaps 
occur to them from bird, beast, or weather, and 
even from man himself, that both amusement and 
instruction can be derived from a recital of their 
story. The paper by Mr. John R. Preece upon the 
Government Indo-European Telegraph from Teheran 
to Bushire at the head of the Persian Gulf, which 
was read before the Society of Telegraph Engineers 
at their opening meeting on November 12, was, there- 
fore, listened to with much attention, and provoked a 








lively discussion afterwards. From the state of our 
political relations with the East, the Indo-European 
Government telegraph lines, especially those ing 
through Persia, are peculiarly interesting at the pre- 
sent time, and we shall therefore give some account of 
Mr. Preece’s paper, and the comments of the Societ; 
upon it, first appr | our remarks by a short sketc 
of the rise of Anglo-Indian telegraphic communica- 
tion, for the particulars of which we are indebted to 
Lieutenant-Colonel Bateman-Champain, R.E., and 
Mr. Cromwell Fleetwood Varley. 

After the close of the Crimean War, it was de- 
termined to establish a complete telegraph between 
England and Bombay, and for this purpose it was 
decided to lay a cable along the Red Sea; but 
owing to the failure of the cable from defects of 
manufacture incurred by shipping it in a dry state, 
exposed to the fierce heat of that part of the world, 
and perhaps also to the filing action of coral reefs 
upon it after it was submerged, the scheme was 
abandoned again until after the Indian Mutiny, 
when Colonel Stewart was deputed to examine the 
bottom of the Persian Gulf with a view to laying a 
cable from Kurrachee to the head of the Gulf, 
thence to connect on to overland lines to be erected 
through Persia and Mesopotamia, from Constanti- 
nople, which was already in telegraphic communi- 
cations with London. In 1862, this survey, which 
partook of the nature of an exploration, was effected, 
and an agreement was made with Turkey to make a 
land line from Constantinople to Bagdad, and down 
the Mesopotamian valley to Bushire, at the mouth 
of the Tigris and Euphrates, ‘The difficulty in 
carrying out this scheme did not consist in laying 
the cable up the Gulf, as might have been expected 
from the previous Red Sea experience, but in build. 
ing the land line from Bagdad to the sea, What 
with the inertia of the Turkish officials, and the 
hordes of roving Arabs which infested the Mesopo- 
tamian plains, the work seemed a hopeless under- 
taking, and it not rer ig torte d happened that the 
portion of line erected during the day was swept 
away again at night by the thieving and superstitious 
Bedaween. For these reasons Colonel Stewart 
advised the construction of another line from Bagdad 
to Teheran, and from Teheran to Bushire, which 
would connect to Bombay by the Gulf cable and 
Kurrachee. This line was happily finished in 1864, 
as also was the Mesopotamian line, for the Arabs 
had at last given in under a liberal allowance of 
yearly ‘‘ buckseesh” to the sheiks, and from being 
enemies of the wire, they were transformed into its 
jealous protectors. 

This route, however, did not work satisfactorily, 
owing chiefly to the exclusiveness of the Turkish 
officials; and for this reason a line was projected 
by Dr. Siemens through Germany, Russia, and 
Persia, vid Teheran, so as to avoid passing through 
Turkey at all. This line was commenced in 1867, and 
is now known as the Indo-European line, supported 
by the Government. About the same time the 
Eastern Telegraph Company, doubting the success 
of the overland line, revived the Red Sea cable 
scheme, and for some time there was a sharp rivalry 
between these two undertakings. In the early part 
of 1870 both lines were opened for Indian traffic. 

The most arduous portion of the overland line 
to erect was undoubtedly the 800 miles between 
Teheran, the Persian capital, and Bushire, at the 
head of the Gulf, for the opposition of the natives 
and hatred of the priests were superadded to the 
natural obstacles of one of the most difficult countries 
in the world. Itis of this line that Mr. Preece treats 
in his interesting paper. 

The country between Teheran and Bushire varies 
very much in character. Round Bushire there are 
hills and salt marshes, at Shiraz there are a series 
of plateaux, and the horizontal span of the wire 
stretched over gorges and ravines is sometimes as 
much as 2150 ft. Beyond Shiraz there are hills and 
plains until we come to Ispahan, and between Ispahan 
and Teheran there are more hills and plains, including 
an arm of the great salt desert of Persia. In summer 
the landscape is embellished with a profusion of 
flowers ; but in winter it is often rendered impassable 
by snow drifts. 

The line consists of three No. 5 B. W. G. iron wires 
insulated by Siemens’ insulators, andmounted oniron 
telegraph poles, which of course are equally free 
from dry rot and the ravages of the white ant. The 
poles are placed 80 yards apart on the plains, and 
the wire is strained at every eighth pole, and secured 
in the strainers by iron wedges driven home; a plan 
which has been discontinued in this country as un- 
necessary. Each pole is made up of a cast-iron 


socket with base-plate which enters the ground, a 
wrought-iron shaft or stem which fits into it, and is 
surmounted with a lightning conductor. It rises on 
an average 14 ft. 6 in. above the ground, and the 
lowest wire is 11 ft. clear. Owing to the powerful 
induction between the wires in the pure elevated 
atmosphere of these regions, the wires are placed 
unusually far apart. They are simply suspended 
in the hook of the insulator and bound with finer 
wire. 

The line is manipulated by a staff of Royal En- 
gineers and English telegraphists, together with 
native guards who patrol the route to protect the 
wires from injury. 

Interruptions of individual wires are of frequent 
occurrence on the line, though a total breakdown 
of the whole is rare. For example, from 1877 to 1878 
there were sixty-eight of the former, or one about 
every five days. ‘ Faults” which harm but do not 
= the working, are still more frequent, as many 
as fifty-two having afflicted one wire in twenty-seven 
days on one occasion. These disturbances are due 
to various causes. Sometimes the natives mali- 
ciously set the line on fire; sometimes the heavy 
gales on the plains and salt marshes blow it over ; 
and sometimes the weight of snow on the poles 
breaks it down. Another source of ‘‘ faults” is to be 
found in the wide and sudden variations of tem- 

erature which take place. The climate ranges 
rom 160 deg. Fahr. in summer to below zero in 
winter, and the consequent expansion and contrac- 
tion of a wire renders it liable to snap and spring 
back into contact with its fellows. But the most 
fruitful cause of damage is the native practice of 
‘‘pole-shooting,” that is firing bullets into and 
through the cast-iron sockets of the poles, thereby 
disabling them entirely, for although the wrought- 
iron stems will stand being riddled with bullets, the 
brittler sockets succumb, About 5 per cent, of the 
poles are riddled every year in this fashion ; and 
in order to —_ the poles from it the plan has 
been adopted of enclosing the cast-iron sockets in 
guards of wrought iron. Many of the poles are 
also found to crack in their sockets at the junction 
with the standard, an effect which Mr. Latimer 
Clark attributed to the sulphur of the cement em. 
ployed uniting with the oxide of iron to form a 
sulphuret, an ey This view was corrobo- 
rated by Mr. Varley, who related that in Germany 
and Holland he had seen porcelain insulators ce- 
mented with sulphur savasiebiy crack, owing to the 
combination of the sulphur with iron rust and 
water. Mr. Treuenfeldt, of Messrs. Siemens 
Brothers, remarked that among the many sockets 
which he had seen cemented by sulphur he had 
observed no cracked ones; but this may have been 
due to the fact, pointed out by Mr. Varley, that the 
Messrs. Siemens use a cement made of sulphur 
mixed with hematite iron ore. 

The insulation resistance of the line varies be- 
tween extreme limits, During the months of April 
and November it rises to 350 megohms per mile, 
and insulators seem a superfluous adjunct; but 
sometimes owing to very dense fogs, heavy dews, 
showers of rain, or particles of salt blown by the 
wind out of the salt marshes, the resistance suddenly 
falls to 1 megohm per mile. Mr, Preece cited 
another cause of low insulation in the ragged 
masses of spiders’ cobwebs, wet with dew, which 
cling to the wires and make the line “faulty” until 
they are forcibly cleared away. Spiders’ webs are ex- 
cellent insulators, and when they are clean, the dew 
collects upon them in drops, and Mr. Varley stated 
that he had never been able to detect any current 
through them even with the most delicate galva- 
nometer, so long as they were free from smoke 
which retains the water; but it is conceivable that 
masses of damp web would clog together and thereby 
act as means of leakage. 

The Teheran to Bushire line has been worked 
with the Siemens double current polarised relay, a 
modified form of that used on the ; seo of the Indo- 
European Company; but it does not give quite 
satisfactory results on the line in question, and the 
Siemens single current relay has been preferred at 
Bushire. ‘The battery employed is the Minotto, 
with the moist sawdust laced by fragments of 
used Morse paper slip, soaked five days in water, 
an innovation borrowed from the Gulf station. 
One of these cells will last for three months without 
renewal, It is curious to learn from Mr. Preece 
that there are practically no earth currents on this 


e. 
In considering the British occupancy of Cabul, 





Mr. Preece drew attention to the fact that the most 
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direct telegraphic route from England to India would 
be vid the north of Persia, Rangoon, and Cabul; 
but the erection of the Teheran to Cabul section 
through the country of the Turcomans would entail 
so much cost for guards, mules, camels, and pro- 
visions, that considering existing competition it 
would not pay. Inthe event of the 1864 Persian 
Gulf cable giving up, however (a result which on 
the authority of Sir Charles Bright and Lieut.- 
Colonel Bateman-Champain is by no means to be 
expected) Mr, Preece recommends a land line from 
Shiraz to Bundarably in its stead. 








ADDITIONAL SHIPBUILDING CONTRACTS 
ON THE CLYDE. 

f¥Suxce our last remarks on this subject three 
weeks ago, there has been a great deal of additional 
progress in the way of placing orders for new vessels, 
several of them being orders of very considerable im- 
portance. The first we may refer to is a contract that 
was incidentally noticed in a former issue, being 
an order for ten vessels, of which eight are placed with 
well-known Clyde firms—four with Messrs, John Elder 
and Co., two with Messrs. A. and J. Inglis, and two 
with Messrs. Caird and Co., Greenock. These are vessels 
of 1750 tons each, and of great speed, and are to the 
order of the Compagnie Générale Transatlantique, of 
Paris. It is undersoood that they are to be delivered 
in seven and a half months. 

Next in importance is an order for a new screw steamer 
for the Cunard Line of extraordinary dimensions and 
propelling power. She is to be 500 ft. long by 50 ft. in 
breadth and 41 ft. in depth, and is to be propelled by.a 
sot of engines of the compound, inverted, direct-acting, 
three-cylinder type, of a total of 10,000 indicated horse 
power, while the boiler furnaces are to have 1000 square 
feet of effective firegrate surface. This new vessel, which 
is to be called the Sahara, is to be of 7500 tons, her only 
superior as to size up to the present being the Great 
Eastern. She will be constructed with a double bottom 
on the longitudinal and bracket system, thus having a 
water ballast tank capable of taking in 1000 tons of 
water ; while her cargo capacity will be 6500 tons, in ad- 
dition to bunker space equal to 1700 tons of coal. Her 
interval arrangements will be designed for 450 first-class 
and 600 steerage passengers; and as she will have an 
extra promenade deck, she will practically be a five- 
decker. Mr. John Burns and his partners have resolved, 
after much careful consideration, that this new vessel 
shall be built of Siemens-Martin steel, and that the same 
material shall also be employed for the boilers and rivets. 
This resolution, both as to the size and power of the 
vessel, and the material to be employed in her construc- 
tion, may be said to be the most remarkable fact yet 
announced in connexion with the “new departure” in 
naval architecture. Messrs. James and George Thomson, 
who have already built such an enormous amount of 
Cunard steam shipping, have been entrusted with the 
order to build the Sahara, which they have undertaken 
to have ready for sea by March, 1881, This very extra- 
ordinary steamer will be most anxiously watched, both 
during her construction and her early history as a Trans- 
atlantic liner. Messrs. J. and G. Thomson have also 
closed acontract with the Canadian Shipping Company 
of Montreal to construct a sister steamship to the Lake 
Winnipeg, recently despatched from the Clyde for the 
company’s Liverpool and Montreal service. She will be 
355 ft. long by 40 ft. beam, and 3400 tons gross. 

The owners of the well-known Allan Line of Trans- 
atlantic steamers, Messrs. James and Alexander Allan, 
Glasgow, have no sooner got their Buenos Ayrean (the 
biggest steel-built merchant steamer afloat) launched 
from the yard of Messrs. Denny Brothers, Dumbarton, 
than they resolved to build a still larger one of steel, 
although not so large as the Cunard liner just spoken of. 
Messrs. Allan’s new vessel has been designed to be of 
great speed, with permanent eccommodation for about 
200 cabin passengers, and to have room also for over 1000 
steerage passengers. The Parisian—for that is to be the 
name of the new vessel—is to be 440 ft. long by 46 ft. 
broad and 36 ft. deep, and is to be of about 5500 tons 
gross tonnage. As in the Sahara, there will be a double 
bottom throughout, with water-tight compartments, and 
the engines will also be of the three-cylinder type. She 
is to be ready for sea early in 1881. The order for her 
construction has been placed with Mesars. Robert Napier 
and Sons. Much credit is certainly ue to Messrs. Allan 
for the courageous way in which they have identified 
themselves with the use of steel in the construction of 
great ocean steamships. 

Messrs. Charles Connell and Co., Scotstoun, White- 
inch, have been entrusted with an order for a large 
screw steamer of over 5000 tons burthen, and of great 
engine power, being the largest vessel that this firm have 
over undertaken to build. The engines for this steamer are 
tobe constructed by Messrs. John and James Thomson, 
Glasgow. 

Another very important order has just been placed 
with Messrs. A. McMillan and Sons, Dumbarton, namely, 
one for three steamers of about 3500 tons each fora 
London firm. The same firm have also concluded a 





contract for the construction of a sailing ship of 2000 
tons, and besides these two orders they have seven 
steamers of various sizes in hand 

A contract for a steamer of over 2000 tons, for the 
Montreal and River Plate trade of Messrs. Donaldson 
Brothers, Glasgow, has recently been placed with Messrs. 
D. and W. Henderson and Co., Meadowside, Partick. 
This is in addition to one ordered several weeks ago from 
the same builders by Messrs. Donaldson Brothers. 

Messrs. Robert Duncan and Co., Port-Glasgow, have 
just received an order to build two iron barges of 
350 tons each for the Irrawaddy Flotilla Company, 
Limited, whose fleet on that river now consists of 21 
steamers and 38 barges. The order just mentioned will 
make up 40 vessels which Messrs. Duncan and Co. have 
constructed for the same company within the last ten 
years. The same builders have also just contracted with 
Mr. James Galbraith, Wemyss Bay, to build him a steam 
yacht of 5380 tons, with compound engines of 500 indi- 
cated horse power by Messrs. Rankine and Blackmore, 
Greenock. 

The old-established firm of Messrs. Barclay, Curle, 
and Oo., Glasgow and Whiteinch, are about to build a 
splendid saloon paddle steamer for the Southampton, 
Isle of Wight, and South of England Royal Mail Steam 
Packet Company ; and they are to supply her with a pair 
of compound paddle engines. Messrs. Barclay, Curle, 
and Oo, have already built and engined three steamers 
for the same company. Messrs. William Simons and Co., 
Renfrew, have just closed a contract with the City of 
Cork Steamship Company to build a steamer of consider- 
able size; and a contract has been closed by a Port- 
Glasgow firm within the past week or two for the con- 
struction of four steamers for the fishing trade, The 
yard of Messrs. Dobie and Co., which has for some 
months been quite silent, is now again becoming active, 
a steamer of 1200 tons having been commenced. There 
is likewise other work in prospect. 





GAS-FIRED SECTIONAL BOILERS. 

WE notice that Messrs. Hawksley, Wild, and Co., of 
the Brightside Boiler Works, Sheffield, have recently in- 
troduced a sectional boiler to be heated by the waste 
gases from furnaces, coke ovens, &c., which although of 
a type similar to the well-known sectional boiler manu- 
factured by this firm, and already illustrated by us, 
differs from it in several details. The boiler to which 
we are referring consists of two, instead of three, 
sections or cylinders, placed horizontally and separated 
from each other by a short space, connexion between 
the two being made by four short vertical tubes 17 in. 
in diameter, by means of which an active circula- 
tion is maintained, and access to the boiler secured. 
The lower sec#fon or cylinder, which ‘is; of larger 
diameter than the upper, is always kept full of 
water, which also extends for some distance into the 
upper section. This lower section is set so as to be 
entirely enclosed within the brick chamber and through 
which the heated gases pass on their way to the uptake, 
and as these are free to circulate around the cylinders 
a very uniform method of heating issecured. The boiler 
is suspended by bolts from two cross girders which take 
their bearing on the brickwork, an arrangement which 
allows perfect freedom for equal expansion, and at the 
same time avoids the danger of an unequal distribution 
of weight and consequent local strain. 





ELECTRICAL APPARATUS. 

We have received from Mr. Edward Paterson, of Bed- 
ford-court, a copy of his descriptive catalogue of electrical 
apparatus, which, on the ground of its scientific merits, and 
containing as it does much useful technical information, 
is removed from the category of ordinary trade catalogues, 
and as such is entitled to a notice in these columns. In 
this little book not only are the various batteries and 
other instruments which are employed in the application 
of electricity to domestic purposes, figured and well 
described, but their construction is explained, and very 
clear instructions are given for fixing and adjusting them 
and maintaining them in working order. It is more than 
probable that by some of his competitors Mr. Paterson 
will be censured for telling too much of the mysteries of 
their business, for there can be no doubt that any intel- 
ligent workman with this book in his hand would be able 
to fit up a house or hotel with an electric system of bells, 
charging and connecting up the batteries and apparatus 
correctly, and testing the lines for such faults as are 
liable to occur in such installations. He could, more- 
over, from the same source learn to fix up and adjust the 
simpler forms of telegraphic apparatus, for private pur- 
poses, and be made acquainted with the still simpler 
mysteries of telephonic circuits. But we venture to pre- 
dict that manufacturers of electrical apparatus will gain 
rather than lose by such information being obtainable by 
builders, bell-fitters, and other mechanics, for one of the 
greatest drawbacks to the general adoption of electrical 
applications, especially in country places, is thereby re- 
moved, and provincial builders need no longer hesitate to 
adopt the undeniable advantages of modern improvements 
on the ground that he has to send to a distant town for 
the skilled labour entailed in their adoption. It is just in 
this way that the applications of science to the con- 





venience of man are rendered familiar tothe masses, and 
a manufacturer publishing such technical information as 
is contained in the little book before us is much to be 
congratulated on thus indirectly, but none the less 
surely, promoting the advance of science. 

The woodcuts with which the book is illustrated are 
excellent, the descriptions are particulary clear, and the 
science generally very correct: We must, however, 
take an exception to the description of Edison’s carbon 
telephone, the action of which is attributed to “the vari- 
able resistance offered to the current at the point of con- 
tact of two carbon discs,” instead of to the variation of 
resistance caused by alteration of pressure upon the sub- 
stance of a single carbon button held between a vibrat- 
ing diaphragm and a fixed support. 








SHIPBUILDING AND THE BOARD OF 
TRADE. 


To THE EpITOR oF ENGINEERING. 

S1r,—Referring to your excellent article of November 14 
on the above subject, permit me to add my experience of 
the ‘‘ obstinate and unreasonable” interference of that 
Board. Some years ago I became owner of two steamers 
of about 1600 tons , Which had been laid up for a 
time in a nearly finished state; the hulls and engines were 
finished, and it was only some coverings round the 
chimneys, &c., that were required to fit them for sea. In- 
tending them for passenger traffic I applied to the Board 
of Trade for the usual certificate ; the local officers called 
on board and pointed out an alteration in the safety valves 
which they required done before they could report, and this 
involved entirely new valves. This delay and difficulty 
being got over I urged a report, and was surprised b 
another visit of inspection, when a similar fault was foun 
as that lately made to the Pizarro’s outlet pipes, only 
‘* yellow metal” was not demanded. This involved some 
weeks of delay and an expense of 700l. or a 10001. each 
steamer, and unfortunately not knowing, like the Messrs. 
Napier and Sons, that I could resist such demands, I at 
once commenced the alterations. I requested, however, 
they would finish their inspection, so that should there be 
any further alterations required I might comply with them 
without further loss of time. This, however, they would 
not do, and the steamers lay idly waiting the alteration to 
outlet pipes. Again urged for their report, they then had 
the steamers placed in dry dock, and here what was seen 
and known from the first was now “‘discovered’’ by said 
officials ; the hulls were built of steel! and the plates were 
not so thick as if they had been of “ship iron plates”’ ! 
the result of my utmost exertions being a complete and 
thorough denial by the Board of Trade to give me the re- 
quired certificate. What could I do? the steamers were 
only fitted for carrying passengers, and without the certi- 
ficate were useless, and this after the very large sum they 
had cost me and augmented by, as it turned out, the 
useless alterations made at the instance of the Board 
itself. My only alternative was to sell them, but who 
would buy waier such circumstances? Finally 1 sold 
them and was happy at obtaining less than one-third of 
their cost all told to me. And now comes the sorest part 
of my complaint; I sold them to a powerful foreign 
company, who immediately placed them in the passenger 
trade between a certain port in England and one on the 
Continent, and I have crossed frequently in them, once only 
lately, with upwards of 100 an on board, mostly 
British. Does or does not the Board of Trade interfere 
with foreign vessels carrying British subjects from and to 
British ports ? 

I hope your opportune article may be the means of 
calling the attention not of shipbuilders only, but of 
shipowners and all others connected with shipping to the 
‘* obstinate and unreasonable’’ interference of the Board of 
Trade, so that some efficient curb may be placed on this 
very obstructive Circumlocution Office. 


Your obedient servant, 
November 17, 1879. W. iH. 





STEAM ENGINE INDICATORS. 
To THE EDITOR oF ENGINEERING. 

Sr1r,—Some time ago I tried some experiments with in- 
dicators, the result of which may be interesting to many of 
our readers. I was anxious to test two indicators of dif- 
erent construction, at the same moment to ascertain if the 
diagrams given!by each would be identical, accordingly I had 
a short piece of gas barrel fitted with a T-piece and two 
branch pipes, to which the two indicators were attached ; 
there was no intervening stop-cock, but the three-way cock 
on the cylinder ; motion was given to the paper cylinders in 
the usual way, and at the same time; everything being 
ap tly perfect, I proceeded to take some diagrams, 
and was very much astonished at the wretched ones I 
obtained, knowing that one of the indicators was a good 
instrument, and that the engine usually gave very different 
i s. After wasting some time and a lot of paper, I 
thought I would try each indicator separately without the 
branch pipes ; I did so, and at once obtained satisfactory re- 
p< “y= time after 4 ae ctcamen to reg) ae 
iagrams from an engine which works the apparatus for the 
electric light, and again the result was unsatisfactory ; this 
engine had a piece of gas pipe leading from one end of the 
cylinder to the other end, and in the middle was a T-piece 
to which the indicator was fixed. A stop-cock was attached 
to each end of the pipe nearest the ends of the cylinder. 
The cause of failure ap; to me to be this, that when 
communication is o ed at one end, the steam rushes up to 
the other end, and then to the indicator, producing an 
in result. It is evident to me that the pipes should 
lead direct to the indicator, and the steam not be allowed to 
go up any branch at the same time, where the indicator is 
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fixed in the centre of the cylinder, communication should 
be made to each’ end by means of a three-way cock. These 
experiments show how an engine might be condemned 
through bad diagrams, and bad diagrams obtained = 
good indicator through a careless arrangement of the 
ipes. 
— I am, Sir, yours trely, 
J. RicHARDSON, 

101, St. Martin’s-lane, W.C., November 13, 1879. 

We can thoroughly endorse Mr. Richardson’s remarks. 

e my ourselves met with just a case as he describes.— 
Ep. E. 





To THE EDITOR oF ENGINEERING. 

S1n,—I enclose a sketch of gear for working the indicator 
that I have found most convenient in practice. The 
standards for carrying the rocking shaft, on which is fixed 
the lever forked from the crosshead, and the — for the 
indicator cord, are forged out of small flat , are very 
cheaply made and fixed, and can be removed in a few 















































I experienced the same trouble 


minutes when not in use. 
in getting a straight lead for the cord that Mr. Porter 
complains of, until I adopted the pulley, but have now no 
difficulty in taking diagrams at the highest speeds with this 


arrangement, 
Yours truly, 
James JOHNSTON. 
Park Gate Iron Works, Rotherham, Nov. 12, 1879. 

[We publish an engraving of the arrangement of indi- 
cator gear of which Mr. Johnston has sent a sketch, be- 
cause althongh very often used, itis nevertheless one which 
should be avoided. A reference to the engraving will at 
once show that the effective length of the long arm of the 
lever on which the crosshead acts is continually varying, 
while the length of the arm giving motion to the indicator 
cord remains constant, the effect being a distorted card. 
With the proportions shown by Mr. Jo ’s sketch, the 
ratio of the long and short arms is 12 to 1 at the ends of 
the stroke and 11.3 to one at the middle, the effect bein 
that the indicator di m is cramped at the ends an 
drawn out in the middle. In other words, although the 
stroke given to the indicator cord will be one-twelfth the 
stroke of the piston, yet at the middle of that stroke the 


cord will be moving with a velocity equal to of the pis- 


ton velocity, this excess of speedatthe middleof the stroke 
being made up by a retardation atthe ends. To avoid this 
defect instead of the vibrating rod having a slot taking hold 
of a pin on the crosshead, the vibrating rod should carry a 
pin entering a slotted bracket on the crosshead, the slot in 
this bracket being of course at right angles to the direction 
of the piston’s motion.—Ep. E.] 





To THE EDITOR OF ENGINEERING. 
Srr,—In your issue of November 
7th, I noticed a letter from Mr. 
Crossley, in which he states how he 
tested the instruments he takes his 
diagrams with. The plan he adopts 
is 1 think open to grave objections 
where accurate work is required ; 
how he will keep the rod he puts 
down the cylinder from rubbing the 
side of the hole with the weights on 
the top I cannot see. 

Having tested I may say hundreds 
of these indicator springs, perhapsmy 
method may be of some interest to 
your numerous subscribers. First I 
secure the indicator upside down in 
a vertical position as Mr. Crossley, 
then I J... the small crosshead (as 
sketched) over the top of the piston, . 
resting on the shoulder of the milled 
nut that connects the piston with 
the parallel motion ; to this crosshead 
there is a fine wire bent U-sh > 
and to this wire I hang the weights ; BSNS 
the shape of the milled nut its | 
the weights to hang with freedom 
and give youa correct compression of 
the spring without friction. This 
plan is so simple any workman 
might make one in a very short time ; 
then engineers could test their own 
Springs. There is another portion 
of the instrument apart from the 
spring where an error may exist, for 
what is the use of a correct spri 
if the motion of it is not pA nn | 
to the paper drum in a correct ratio. 
Let any engineer study the present 
parallel motion, and I think he will find in it an error of very 
considerable extent, more so in high than in low ; 
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what this error amounts to I will not at present say. The! of the 





constant angular movement of the short link with the 
marking point its centre as it moves up and down the drum 
must be paid for somewhere. The levers do not transmit 
to the marking point the correct motion of the spring, but 
alter its scale to a serious extent. To prove this I had an 
extra piston and rod made # in. yo than the proper 
length ; now the motion of the piston being } in., the long 
one when put in carried the marking point half way up the 
paper drum for its zero. First put the proper piston in 
the indicator with a No. 10 spring on it, and suspend your 
weights as before; for this number of spring hang on 25 lb. 
pressure ; now ully mark the distance the pencil 
has moved on the paper dram with this piston, now put in 
the long one (with the same spring on it), this will carry 
the parallel motion to i a different position to which you 
tested it with the short one, now hang on the same weights 
as before, and it will prove how much the present parallel 
motion can be relied on for accurate tests. The penta- 
graph motion will give a much better result when it is pro- 
perly designed, but this motion is open to some objections 
on which [ have no time to write at present. 

Trusting the importance of this subject will enable you 
to find space in your next issue for these few lines, 

I remain yours respectfully, 
W. Porrer. 

9, Gordon-street, Lower Broughton, Manchester, 

November 11, 1879. 

[We think that Mr. Potter and our other correspondents 
dealing with the accuracy of indicators will be interested by 
Professor Berndt’s admirable investigation of this subject. 
Articles describing Professor Berndt’s experiments ap- 
peared in ENGINEERING, pp. 382 and 420, vol. xxiv-, and 
pp. 77 and 294, vol. xxv.—Eb. E.] 





THE CONSOLIDATION OF FLUID STEEL. 
To THE EDITOR OF ENGINEERING. 

S1r,—In its issue of October 22, 1879, La Revue In- 
dustrielle gave a description of Mr. Jones’s process* for the 
consolidation of finid steel, and inthe following number a 
pa ph ap’ claiming for Monsieur Considére the 
priority of the invention, and it does appear that M. 
Considére did takeout a patent in France in March, 1876, 
and as far as one can judge from the paper read by him and 
— by La Société de l’Industrie Minerale de St. 

tienne in March, 1877, giving the result of twelve months’ 
working, his process appears identical with that of Mr. 
Jones’s both in principle and in practice. 

It does seem a little surprising, therefore, that none 
of our ironmasters appear to have known what was being 
so publicly and apparently so successfully done by our 
neighbours, and that it should have to come all the way 
from America before their attention was drawn to it ; or 
if some of them were acquainted with the process, it is still 
more —— that no one mentioned it at the last 
meeting of the Iron and Steel Institute, where a paper was 
read on the subject, nor has any one come forward since to 
give “‘ honour where honour is due.’”’ I am sure that 
attention has only to be drawn to this fact for you to insert 
the above. 

I am, Sir, your obedient servant, 
JUSTICE. 





HARDENING OF STEEL, 
To THE EDITOR OF ENGINEERING. 

Srr,—I have read with + pleasure a letter of your 
correspondent Mr. James Nasmyth. I am quite sure that 
he, with many of your readers, will be glad to hear that 
others have at last realised how much of the future ad- 
vancement of mechanical science may depend on “‘ the 
reason why steel becomes hard on being suddenly cooled 
down from a red heat by plunging it into cold water.’’ The 
Institution of Mechanical Engineers has been so impressed 
with the importance of further investigation on this ques- 
tion, that a committee has been appointed and at work for 
some months investigating it, their first duty having been to 
collect and collate all the available published information on 
this subject. As proof of how correct Mr. Nasmyth is in sup- 

sing that due attention has not been iven to this matter, 
P believe I am accurate in stating t the information 
published by English engineers on this subject hitherto 
amounts to almost nil ; and in consequence, the reporter of 
the committee (Mr. William Anderson, of Erith), been 
driven to search ae among French and Russian 
works to ascertain what has been done. I understand that 
his report is nearly completed, and that as soon as it is 
issued, the committee hope that a part of the money which 
the Institution has already decided shall be devoted to ex- 
periments with a view to the investigation of practical 
mechanical questions, will be spent on some experiments in- 
tended to let us know ‘‘ why steel hardens ?”’ 

Yours respectfully, 
ARTHUR Paget. 

Loughborough, November 19, 1879. 





ELECTRIC LIGHTING. 
To THe EpITor OF ENGINEERING. 

S1r,—The account of the cost of lighting the Stanton 
Foundry by the electric light during twelve months, as 
given in your issue of the 7th inst., will be read with much 
interest by many. But is: the cost to be relied on? i.e., 
have all items of expenditure been included? For instance, 
I cannot find anything put down for engine fuel or 


stoker’s w: ; if these are added, the cost per lamp per 
hour would be very materially increased. 
Yours truly, 


W. ScHénnEYDER. 
London, November 15, 1879. 
* Mr. Jones’s process was described, and the arrange- 
ments employed by him illustrated on pages 83, 84, and 85 
present volume of ENGINEERING. 











AIR PUMPS. 
To THE EDITOR oF ENGINEERING. 
Srr,—With reference to the letter from ‘‘ Duplex’’ in 
your issue of October 31st, about h lic packing for air 
pump plungers, the plan by him has been em- 
ployed by marine engineers for many years, and is still 
used for preventing air leaks in horizontal air pumps, an 
with so much success that many cases can be cited where, 
with this style of ing, the vacuum obtained has been 
as good as with a vertical air pump of the same propor- 
tionate capacity for the size of engine. 


The wanting of hydraulic , or some other means 
of keeping the plunger always totally submerged in water, 
certainly tends to make a bad working horizontal air 


pump, but a more prolific source of failure in aapien » 
goo vacuum is to be found in a faulty design, whereby 
here are 8s left in pump chambers at 1s higher level 
than are the discharge valve orifices ; where this is the 
case, air lodges and is compressed on discharging side of 
plunger, and when this is changed to the suction side, the 
air expands and consequently is detrimental to the vacuum. 
As to the plan put forward by ‘“‘D. H. M.” in your 
number for last week, it is very where a little extra 
space occupied by pump chamber is of no moment, but in a 
marine engine such is seldom the case, and the plunger 
hydraulic packing is to be preferred. 


D. H. 
Glasgow, November 10, 1879. 
THE LATE PROFESSOR CLERK- 
MAXWELL. 


To THE EpIToR OF ENGINEERING. 
S1r,—In your article of last week on the late Professor 


Maxwell you speak of ‘‘ the inscrutable signature-<? ag 
but when I remind you of the fundamental equation of 


thermodynamics Pay C M (vide “ Tait’s Thermody- 


namics’’) you will see at once how characteristic of the man 
itis. Your article also does not mention the particular 
debt engineers owe to Maxwell for his researches in the 
graphical methods of computing stresses. 
TI am yours, &c., 
CanTas, C.E. 


FEEDING LOCOMOTIVE TENDERS. 
To THE EDITOR OF ENGINEERING. 

Srr,—On reading the article on Canadian Railways in 

ear issue of October 17, we observe that on page 295 you 

ully describe an arrangement for supplying the tenders of 
locomotives with water, which arrangement you call a 
** novel’ one. 

As we have made similar arrangements, and supplied 
the necessary apparatus for them these last nine years, we 
wish to draw your attention to this fact. Seve ilways 
in Germany, Switzerland, Sweden, and Norway have 
during the time mentioned successfully used our method, a 
description of which 7 will find on Plate VII. of our 
pamphlet on Boiler Feeding Aquvatn, a copy of which 
we beg to hand you by book-post. 

Although Mr. Haggas may have carried out his arrange- 
ment without knowing of ours, you will however observe 
that we were long before him in the market; as if his 
arrangement da‘ back to the year 1870, you would 
ee y have used the word ‘“‘ novel’’ in your description 
of same. 

All the advantages derived from this system, which you 
mentioned in your article; have been fully proved in 
practice where we have carried it out. But we wish to 
point out to you, that although Mr. Haggas’s arrangement 
results in a great saving to railway companies, the saving 
obtained from the use of ours is considerably greater. Mr. 

fixes his elevator (or as you call it ‘‘ ejector’’) to 
each engine, whereas we fix ours in the well from which 
the water supply is taken. Consequently if for every 
fourteen miles a water supply must be provided, and if one 
engine be required for every five miles of railway, it follows 
that the cost of the neces appliances in our case will 
be only one-third that of Mr. gas’s arrangement. 

Our elevators are fixed to such locomotives only which 
do not run on rails, as ¢.g., with traction engines, which 
require to have their tenders filled in very different 
localities, and not at certain fixed stations. Enclosed 
sketch will show you the arrangement adopted by us for 
this purpose also nine years ago, at which time we believe 
we were the only manufacturers of elevators, which were 
able to suck the water 25 ft. high, These elevators have 
now been superseded by our patent universal injectors, 
which can both suck the water 25ft. high and feed it into 
the boiler simultaneously or alternately as may be required. 

Yours respectfully, 
ORTING BROTHERS. 

Manchester, November 14, 1879. 


West Kent Main Szwacr.—The West Kent Main 
Sewerage Board have accepted the tender of Mr. Henry 
Potter, of Stepney—amount 30,428/.—for an extension, 
24 miles long, of their main sewer from Holloway Farm, 
near Bromley, Kent, to Beckenham. The sewer will be 
constructed principally of concrete. Sir J. W. Bazalgette, 
C.B., and Mr. Alfred Williams, are the engineers. 














Steam Fire ENGINES FOR THE METROPOLITAN FIRE 
Brigapr.—The Metropolitan Board of Works, as an 
evidence of their determination to protect, to the fullest 
extent, the property contained within the limits of their 
jurisdiction, have just placed another order with Messrs. 
Merrywoither d Sons. The engines of this firm (have 


been found to 


ve 
an 
possess in an em degree many im- 
portant qualifications, notably me gem f effici 

pacity for hard work, freedom from liability to 

ment, and consequent economy as regards repairs. 
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THE SCREW PROPELLER. 
On the Loss of Power in the Screw-Propeller, and the 
means of Improving its Efficiency.* 
By the Hon. R. C. Parsons, of London. 

IMPROVEMENTS in the screw propeller, since its first in- 
vention, which seems to have originated with the Chinese, 
have been innumeraable. It is surprising, however, that even 
up to the present time science, which assisted so much 
in reducing mechanical invention to fixed laws, has in a 
great measure failed in discovering fixed rules for the design 
of a screw propeller for any individual ship ; end the ad- 
a the pitch of the blades, their number, &c., are 

eft in a great measure to chance. 

Having devoted a good deal of time to the investigation 
of the laws which govern the flow of water through centri- 
fugal pumps and turbines, and having made a large number 
of experiments upon these machines (some of which are 
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ublished in the Proceedings of the Institution of Civil 
Engineers, vol. xlvii.), the author turned his attention to 
the consideration of the principles which affect the action 
of the screw propeller. From the above experiments he 
was satisfied that it was of very great importance that the 
blades of the fan in these pumps shovld meet the water in 


a direction tangential to their surface, and that they should 
oe impart a ro! motion to the water passing along 
hem. But what seemed of still greater importance, for 


high efficiency in the centrifugal pump, was 
from the fan should receive no 
iat Gee 
y as possible. Apply- 
these principles to the improvement of the screw pro- 
, the author was led to the opinion that a higher 
efficiency could be obtained with a propeller of a somewhat 
novel construction, which will be described in detail. This 
idea arose from the following considerations : 
case of ome screw propeller, whatever its form, 
a considerable amount of rotary motion is of necessity im- 
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insuring a 
that the water escapi 


sudden shock in the dise 
its velocity should be reduced as grad 


itution of Mechanical 





parted to the water as it the blades. In screw 
steamers of rather shallow draught, with engines runnin; 
at a high speed, the helix of ing water in the wake o 
the propeller is clearly visible at the stern. This rotation 
of the water can be traced to three distinct causes : 

1. The pressure exerted against the water by the flat 
surface of the blades as they cut through it, which has the 
effect of propelling the water in a direction perpendicular 
to their surface ; this action evidently occurs whether there 
is friction or not between the surface of the blades and the 
water. 

2. The skin friction between the: surface of the blades 
and the water. 

3. The fact that the water displaced by the blades is not 
able to flow rapidly enough into the spaces previously 
occupied by them; in consequence of which eddies are 








formed, and a large volume of water is drawn forwards in 
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the wake of the vessel. This last cause is probably ter 
than the first two put together; and at speeds of from 
70 ft. to 80 ft, per second, which are common velocities for 
the extremities of the propeller blades in large vessels, this 
eddying rotation of the water becomes very intense. Ina 
paper read before the Institution of Naval Architects in 
1877 by Mr. Howder, this last source of loss is discussed 
at length ; but unfortunately no experiments seem to have 
been made by him, to determine its amount and the rate of 
its increase at high speeds. 

In order to utilise this rotary velocity of the water, 


3. i 









various contrivances have been suguested, among the most 
— = which A Mr. _ ur Rigg’s —— _ 
1864. In this design the propeller was made a ion 
an Archimedean screw with two threads. ‘Abaft the pro- 
peller were six guide blades, attached to the rudder post, 
and so curved as to meet the effluent water at the same 
le at which it left the - This contrivance, 
altho h the iments made upon it seem to have been 
tolerably succesful, bas as far as the author is aware, 
met with much support ei in the navy or in the mer- 





cantile marine. 


Some experiments have recently been carried out by the 
author upon a er designed to reduce the losses above 
mentioned. The preliminary trials were made with a pro- 
peller 3 in. in diameter, which is now exhibited. In order 
to place it in a position similar to that of the propeller at 
oe — of a ship, <4 ba fitted into a h circular in 
plan, having a straight portion in which the propeller was 
placed. Surrounding the propeller was a brass tube, 

3 in. in diameter, and abaft it were fitted four guide 
blades. When the propeller was rotated, the water was 
set in motion in the circular trough from the hinder end 
of tbe propeller, and flowing round the trough arrived at 
the front of the ropeller with a considerable velocity, as 
in the case of a ship moving through the water. 

In order to determine the amount of power required to 
rotate the propeller, the weight dynamometer, described 
in Proceedings, 1879, page 263, and shown in Fig. 1, 
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was constructed. The velocity of the stream generated in 
the trough was measured by means of the head maintained 
in a glass tube, which was fixed with its orifice facing the 
stream issuing from the propeller, and at a definite distance 
from it. In making an experiment, the dynamometer was 
loaded with a definite weight, and the propeller rotated 
at such a speed that the weight would just rise; the revo- 
lutions were then counted, and the head of water in the 
glass tube was measured. Various forms of propeller were 

ied in this trough ; but as the apparatus was on such a 
small scale, and not constructed very accurately, no reliable 
quantitative results could be obtained, although the com- 
parative trials showed an increase of effic in favour of 
the new form of propeller fitted with guide blades. 

After making these preliminary iments, the author 
was enabled, through the kindness of Mr. William Ander- 
son, of Messrs. Easton and Anderson, to carry out a trial 
on a larger scale, with a propeller of 3ft. 6in. diameter. 
The forms of the propeller and of the blades were 
those which had been found to give — mr with 
the model in the preliminary trials, were as follows. 
The curves of the blades differ from most propellers in 
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heing helices increasing rapidly in pitch from their forward , friction would have heen reduced by half ; and if the speed | showing an increase of efficiency with the guide blade pro- 
to their after edges, bey be b Figs. 2, 3, 4; Fig. 2] had been reduced to 30 ft. per second, or half the original peller of 2.3 per cent. 
represents a itadinal section through the propeller and | speed, the loss by friction would have been only 0.14 of its} It is thus seen that the semi-cylindri 


guide blades, . 3 two elevations, one of the pro- 
peller, and the other of the guide blades. Fig. 4 is a sec- 
tion across one of the pro) blades A B, and one of 
the guide blades C D, at their outer extremities, and shows 
the centres and radii from and with which the curves are 
struck. In the propeller under consideration the pitch of 
the forward edge was 5.07 ft., and that of the terminal 
edge 15.92ft. ‘The pitch of the forward edge A is designed 
so as to cut the water in a direction tangential to the sur- 
face of the blade, and meets it in a direction P A; thus 
there is no shock or eddying motion produced in the water 
at its Feng me upon the blades. The _ of the pe ge 
being then d, a rotation is gradually imparted 

the water, which issues from the propeller with a tangen- 
tial velocity considerably gue than from most pro- 
pellers, theoretically in a direction B Q, assuming that 
there was no friction upon the propeller blades, but owing 
to the friction upon their surface it follows a path B R. 

Abaft the propeller, and attached to the rudder-post, are 
four guide blades, which receive the water as it leaves the 
propeller with this high tangential velocity, and are curved 
in a helical form until they terminate in a direction parallel 
to the keel. Thus the rotary velocity produced in the 
water by the ae is converted by the gnide blades 
into a backward linear velocity parallel to the keel ; and 
consequently the only losses which are occasioned are those 
due to the skin friction on the guide blades, and the slight 
eddying motion produced by them. Surrounding the-| 
age and guide blades is a cylindrical casing 3 ft. 

in. in diameter, which is attached to the rudder-post 
and sternpost, and also to the keel of the ship. This 
casing, besides confining the action of the propeller and 
guide blades to the volume of water inclosed within it, also 
supports the extremities of the guide blades. 

In order to illustrate the advantages which may be de- 
rived from this combination, the case of H.M.S. Lord 
Clyde may be taken as an example. The following are 
some of the principal data relating to that ship : 





Diameter of propeller 23 ft 
- boss ... ons 6.5 ,, 
Revolutions per minute ... 64.75 
Speeds in knots per honr ... 13.45 
Indicated horse power... coo 6064 
Mean pitch of propeller ... eo ©6285 £6. 


The triangle, Fig. 5, shows the relative velocities of the 
outer extremities of the blades (81.96 ft. per sec.), and of 
the water meeting them (77.9 ft. per sec.); and it will be 
seen that, in order to produce a slip of 2.8 ft. per second to 
the water pone the stern of the ship, the extremities of 
the propeller blades must be forced through the water with 
a velocity of 81.96 ft. per second ; and the consequent loss 
by skin friction, as well as that due to displacement, is very 
considerable. 

With regard to the first of these two losses—namely that 
due to skin friction —let it be assumed as an approximation 
that each blade of a propeller is a sector of a circle, of 
which let 

6 be the angle. 

BR external radius of propeller in feet. 

r radius of mee = poe " 

® an velocity of propeller. 

y os which the loss of friction is a mean. 

w radius of any point on surface of propeller blade. 

Now the loss by friction on each blade is given by the 


formula : EB 
f dot daxa' 9 (1) 


This loss must then be equal to the friction due to the sur- 
face of the blade moved through the water at the mean 
speed ; hence : 


ws gB—P vO Rt—rt) 4 ; (2) 
therefore é 
7 RA 
Y=N 5 Rr @) 


In the case of the Lord Clyde, when the preceding data 
-. - into formula (3), the value of y becomes 


In the late Mr. Froude’s report to the Admiralty upon 
surface friction, p. 10, it is stated that, at a -_™ of 600 ft. 
per minute (10 ft. per second), a surface of fine sand of 
one square foot area produces a frictional resistance of 
0.69 lb. ; and for this surface the resistance varies as the 
square of the speed. Assuming that the surface of the 
propeller blade resembles fine sand, then at a speed of 
59.2 ft. per second (which from the preceding data is tbe 
circumferential velocity of the blade at the radius of mean 
friction, 8.70 ft.) the resistance per square foot of blade 
surface amoun 


ts to 
( * < 0.69=24.18 Ib. (4) 


In the case of the Lord Clyde the total surface of the blades 
is 203 square feet, and the mean distance tra over is 
59.2 x 60=3552 ft. per minute ; consequently the total loss 
by friction upon the blades amounts to : 
3552 x 24.18 x 208 
—=————— one HP. 
33,000 
In addition to this, there is the loss due to the displace- 
ment of the blades; but as the author is not aware that 
any extensive experiments have been carried out with a 
view to determine this loss at high speeds, he is not able to 
compute its amount. 
Now if the propeller of the Lord Clyde, instead of re- 
volving ata mean speed of 59.2 ft. per second, had been 


value. 
his reduction of s in the poration can easily be 
effected by increasing the pitch of its towards their 
after edges, which, as explained, has the effect of 
imparting a considerable rotary motion to the water, to be 
afterw: utilised by the guide blades. 

In comparing the loss by friction fope the blades with 
this form of propeller and with one of t i i 
may be assumed that the surface of 
equal to that of the pro; blades. It has seen that 
if the speed of the pro) be reduced from 59.2 ft. to 30 ft. 
per second, the surface friction is red in the ratio of 
1 to 0.14. Now if the loss by friction upon the guide blades 
be the same as on the pro , the total loss by 
friction upon the blades will have been reduced in the ratio 
of 1 to 0.28. 

The next point of importance in considering a propeller of 
this nature is the reduction of the thrust upon the thrast- 
block, due to the application of guide blades. The saving 
which may be expected to result from this source cannot 
be very trifling, when it is considered, for instance, that 
the whole thrust of the propeller of the Lord Clyde is re- 
sisted by a series of collars of 23in. external diameter. By 
the application of the guide blades the water which is 
leaving the propeller with a high ro velocity is deflected 
into a linear stream parallel to the keel, and a forward 
thrast is imparted through the gue blades to the ship. 
By this means, while retaining the same propelling force 
and therefore the same speed in the ship, the thrust upon 
the thrust-block can be reduced by about 40 per cent. Now 
with a redaction in the speed of the propeller of about 
50 per cent., and at the same time a reduction of 40 per 
cent. in the thrust, there is a resultant saving of about 
70 per cent. in the friction upon the thrust-block. 

Many experiments have from time to time been made 
with concentric propellers placed one abaft the other, the 
two rotating in opposite directions. It has always been 
urged by the inventors that an increase of efficiency over 
the ordinary propeller has been obtained, but as far as the 
author is aware no accurate results of comparative trials 
have ever been published. The author has, however, been 
told as a fact that Whitehead torpedoes fitted with two 
propellers of this description have given an increased 
range with the same amount of compressed air as before. 

In the case of two propellers, both rotating, the advantage 
of a reduction in the thrast upon the thrust-block is not 
obtained, and for this reason the addition of fixed guide 
blades in place of the second propeller ought to be capable 
of yielding a higher efficiency. 

The first series of experiments which were carried out 
with Messrs. Easton and Anderson’s steamer was with a 
three-bladed propeller, of constant pitch throughout the 
length of the blades, and not fitted either with a casing 
surrounding it or with guide blades abaft it. The following 
is the mean result of four trials made on the Thames at 


Long Reach : 
Diameter of propeller ... oo 3 ft, 6 in. 
Mean pitch ion eco on 6.35 ft. 
Speed in knots per hour 6.3 
Indicated horse power... rem os 
Revolutions of propeller per minute 156 
Boiler pressure... ... 50Ib. per sq. in. 


This propeller was then removed, and replaced by one of 
rapidly increasing pitch, fitted with casing and guide blades, 
the general arrangement and detail of which been ex- 
plained and illustrated in Figs. 2,3, 4. Four trials were 
then made, under circumstances resembling as nearly as 
possible those of the first series ; and the following are the 
mean results : 


Diameter of propeller... -  Sft.6in. 
Pitch ms pw . eee eve 5.07 ft. SF ae ft. 
Speed in ots per hour see eee le 
Indicated horse power... ‘ 13.5 


Revolutions of propeller per minute 100 
Boiler pressure ... ove ove eee 50 lb. per sq. in. 
Assuming that the power required to propel the vessel at 
8 of 5.6 and 6.3 knots per hour varies as the cube of 
the speed—an ——— which is borne out by the experi- 
ments made by Mr. Froude on H.M.S. Greyhound—then 
the ratio of the efficiencies will be: 
(6.3)3 x 13.5__ 3375 
(5.6)? X21.8 3823 

This shows that 13.4 per cent. increase of efficiency over the 
ordinary form of propeller has been effected by the altera- 
tion in the form of the propeller, with the addition of the 
guide blades and of the surrounding cylindrical casing. 
The steering properties of this vessel have also been im- 
aooees by the alteration. Some experiments were made to 

etermine the time required for the vessel under full steam 
to turn through an entire circle of 360 deg. when the rudder 
was placed at an angle of 45 deg. with the keel. With the 
ordinary pagers the time occupied was 50 seconds ; and 
with the guide blade propeller 45 seconds. 
The casing surrounding the propeller was next altered, 
and instead of being cylindrical was made semi-cy- 
lindrical, covering only the upper half of the propeller. In 
addition there were fitted circ segments, in order to 
connect this casing with the shi 


the supply of water to the pro; . Four were then 
made, with the following mean results : 
a knots per hour oo ae 5.9 
olutions of propeller per minute 116 
Indicated horse power... ods 17.2 


Boiler pressure... ose oe .» _ 60 Ib. per te 
The ratio of efficiencies of the ordinary and the guide blade 
propeller is then : 

(6.3)? x 17.2 _ 43,7590 








driven at a meah speed of 47 ft. per second, the loss by 


(5.9)? x 21.8 44,777" 


e 0! type, it | disturbance 
tho “guide blokes is 


cylindrical casing is not 
nearly as satisfactory as the former complete cylindrica 
casing. This was evidently due to the of skin 
friction with the ay oy ical casing, and to the ept 
i curved channel so as to in 
of the water flowing to the propeller ; 
in addition, the path of the water leaving the propeller was 
not so definite with the sunk-agtlisdcionl i casing, and some 
i was produced against the lower guide blades. 
In order to determine, in the experiments with the com- 
plete cylindrical casing, whether the water entered the 
casing with @ poser veeeNes so as to meet the propeller 
blades tangentially to their surface, gauge glasses were 
attached to 4 in. pipes, which pointed in the direction 
of the stream, both entering and leaving the qecsiins. The 
velocities were then determined by the head of water 
indicated by the gauge glasses in the cabin. The direction 
of the water leaving the propeller blades was also determined 
by the same means. hen these experiments were worked 
out, it was found that the errors in designing the angles of 
the propeller and guide blades were very slight i a 
is before the Institution of Naval Archi- 
tects by Mr. W. H. White (Transactions, 1878, page 33) it 
is stated that one of the advantages by twin over 
single propellers is that it is possible to obtain a disc 
area with the former than with the latter; and conse- 
quently, in cases where it is essential to obtain high speeds, 
it is erable to use two screws, in order effectively to 
absorb the maximum gS ory In the case of the pro- 
peller fitted with guide blades, it is possible to keep under 
control the revolution of the propeller by slightly increasing 
the pitch, and arranging the angles of the oule blades to 
suit, notwithstanding that the horse power of the engines 
be considerably increased. In vessels aleo of shallow 
a where it is impossible to obtain a propeller suffi- 
ciently in diameter for the required disc area, a pro- 
peller of this constraction could be very advantageously 
used. One remarkable peculiarity of this propeller is the 
sudden grip which it takes of the water immediately on bei 
8 ; no churning being observed, as is the case wi' 
ordinary propellers. 

From what has been said, it will now be seen what are 
the essential features of the propeller under consideration. 
From the ——- investigation of the loss by friction 
upon the surface of the propeller blades, it has been shown 
that this loss amounts with the ordinary propeller to some- 
thing very considerable ; and it has been the author’s|;aim 
to diminish it, if possible, by reducing the speed of the pro- 
peller blades. In the late Mr. Froude’s recent investiga- 
tions upon this subject, he found that it is advantageous to 
increase the pitch of the propeller blades considerably, so 
as to produce a slip of from 30 to 40 percent. The beneficial 
results which have been obtained by him from this altera- 
tion seem to have been due to a@ reduction of skin friction 
upon the blades. 

With reference to the construction of a propeller of the 
kind now described, the blades, being helical surfaces of 
rapidly increasing pitch, can be bent out of sheet steel 
previously cut to the required shape, and either thickened 
up so as to enable them to be keyed into the central boss, 
or fi so as to be scre to it. They can also be 
made thinner than ordinary propeller blades, in consequence 
of their possessin, greater stiffness due to their increasing 
pitch. ‘The guide blades also, being surfaces of the same 
description as the propeller blades, and at the same time 
being supported at their extremities by the casing sur- 
rounding them, can be made very thin; and the resistance 
to the passage of the water through them will be little 
more than that due to their skin friction. 

In the carrying out of the modifications suggested, there 
are of course many serious questions involved, which is 
out of the province of the present paper to discuss ; and in 
laying the preceding results before this Institution the 
author has been desirous rather to point out a somewhat 
new aspect under which the screw- may be 
sidered, than in any way to bring ‘orward an exhaustive 
investigation of the principles involved. Although the 
results of these experiments show an improvement as 
regards efficiency, still the trials were made under cireum- 
stances which were not entirely conclusive in fayour of the 
new a. For a conclusive experiment, either the 
epoods 0 the ship with the ordinary and the new propeller 
should have been the same and the comparative horse powers 
should have been registered, or the horse powers should 
have been the same and the comparative speeds of the ship 
should have been registered. These conditions unfortunately 
could not be obtained in the case of the steamer experi- 
mented upon. The author is of opinion however that, in 
order to improve the efficiency of the screw propeller, some 
contrivance must which shall ot the loss by 
friction of the blades through the water. This reduction 
Soom os tan eptaee of Senn Geis poten inoiee 
except a e expense of producing a motion 
of the water by an increase in the viteh, The question of 
how to deal with this rotary motion is therefore of much 
scientific and practical interest; and it is mainly in the 
hope of having it fully discussed that the author has 
brought forward the present paper. 





THe APPALACHIAN COALFIELD. — The Appalachian 

, about 60,000 square miles in extent, clear 
preg Tennessee, from north-east to south-west. Of 
this 5100 square miles are in Tennessee, covering in whole 
or in part 21 counties, and including the whole of the 
Cumberland plateau. This plateau bifurcates near the 
centre of the state, one prong ending a short distance 
from Alabama, the other prong narrowing at the fork and 
then spreading out, in the s of a heart, 





in Alabama, 
giving to that state about square miles of valuable 
coal area. 
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FOREIGN AND COLONIAL NOTES, 
Bailway Matériel in Italy.— Large iron works are being 
erected at Lavona, Italy, for the manufacture of railway 
matériel. The com und the works is, as at 
resent constituted, to last for 15 years, and it will in time 
able to supply the bulk of the matériel required by the 
lialian railways. 


American Steam Shipbuilding. “hej steamer City of 
Alexandria, recently launched by Mr. Roach from his 
shipyard on > — of the Sabesen has arrived at 
New York to tak lace on the Alexandria Line to 
Havana and Mexico. he City of Alexandria is 333 ft. 
by | over all, 38.6 ft. beam, 25 ft. ge from main deck, 

t. deep from hurricane deck er iron plates are 
The s deck is iron. An- 
nexed are other details of the 8 : Compound engine: 
high-pressure cylinder, 42} in ee pressure, 78 in. ; 
stroke,’54 in. ; carries 80 Ib. A vad em has four boilers, 10°ft. 
long, 14.6 ft. diameter ; Fi surface, ot ft.; Hersch 
wheel, 16.3 ft. Dan poe a ft. pitch. She has steam re- 
versing |: pw ge her to reverse immediately, 
even at full speed, avery — off steam ; also a patent 
marine governor; steam launch ; five water-tight com- 
pens Paliman car berths ; and patent sea-sick 
rths 


Cincinnati Exhibition.—Cincinnati 
exhibition. The power for the pov atlay in Power Hall is is 


from lin. to fin. thick 


furnished by one of the wht ear C. H. Brown and 
Co., of Fitchburg, M ving. two heavy lines 
of shafting, — - ingge pallet on belt was fur- 
nished by fi , of Cincinnati. 
It is 82 ft 


. in ery (double by 24in. - saith and is made 
from thelr best oak tanned leather. The Lane and Bodley 
Company also bave one of their stati engines on ex- 
hibition, ‘-- doing = in Machinery H All the space 
in the b —— taken some time before the expiration 
of the period uring which applications were received. A 
large number of manufacturing cities and towns of the 
west are represented by full and handsomely displayed 
exhibits of their industrial products 


New Sleam Line.—A new line - steamships between 
America and Europe will soon be in operation. elphia 
will be the western port, whence the steamers = make 
monthly —— for Barcelona, Marseilles, Genoa, 


roby el —o the —. an ene 
ir return e@ European 
agent of the Phi a eating Railroad Company, 
has completed sats for the pioneer steamers of 


the new line. The is to be started with English 
steamers of about 3500 ol ; barthen, but it is intended to 
replace them with American steamers at an early date. 





The outward cargoes will be of coal, and other products of 
American industries, while the return freights will consist 
of the usual materials of a Mediterranean cargo for 
America. The steamers nent not for the present, at an, 
rate, be fitted for ar ng cabin passengers, but they wi 
have ample accommodation for steerage passengers from 
Naples and Genoa. 


Encouraging American Metallurgy.—The Cincinnati 
Exhibition gives a gold medal to the best boiler iron or the 
best steel —_ for boilers. The best pig iron, the best 
hoop, merchant bar, cut nails, &c., receive silver medals. 


Coal in France.—The report of the French Minister of 
Mines for the first half of the present ew is favourable, 
the production of coal Toitemivana and anthracite) being 
8,074,083 tons, against 7,998,777 tons in the corresponding 

riod of 1878, and of lignite, 257,055 tons = 

1,395 tons. The production of the eight princi, 
in the first half of this year was: Valenciennes (Nord and Pas- 
de-Calais), 3,511,699 tons; Loire (Loire-Rhone), 1,464,757 
tons; Alais (Gard- Ardéche), 860,141 tons ; Commentry 
(Allier), 398,544 tons ; Creusdt and 1 Blanzy (Sadne et Loire), 
478,067 tons ; Aubin (Aveyron), 340 352 tons; Carmaux 
(Tarn), 149, 980 to: tons ; Graisessac (Hérault), 116,216 tons ; 
while the principal lignite deposit (that of Aix, in the de- 
partments of the Bouches-du- Rhone and the Var) » yielded 
209,124 tons. The general production of the French coal 
basins has been increasing steadily for some time past, the 
ny 1878 having exceeded that of 1877 by nearly 
tons. 


New Bridge over the Yarra.—Designs sent in for a pro- 
posed new bridge over the Yarra, at the foot of Swanston- 
street (to replace Prince’s Bridge, now hes narrow for the 
traffic which passes over it), have been dealt with ; and the 
first has been awarded to the design of Messrs. Jenkin 
and Granger, who had designed a bridge, which in cha- 
racter ap) to have some resemblance to Waterloo 
Bridge. ‘There will be three s of 100 ft. == cnuines the 
river and the flat on the south k, and two land 
at each end, the one on the north being 36 ft. wide T 
the one on the south 60ft. On the south side there is an 
extension of the having pans © me Ned 72 ft., = 
also some details in the way ny of extensi ve cellarage, w 
are not likely to be carried out. The he ht of Mint 
way above the summer level of the river will be 40 ft., and of 
the. key of the arch 35ft. It is proposed to support the 
superstructure on abutments and piers of brick and stone. 
In the abutments several sorts of stone will be introduced. 
The bridge will cross the river on the skew, and the first 

will be erected between midstream and the north bank ; 
es second pier will stand on the south bank, but it is 
taken for granted that in course of time the Yarra will be 





widened from abutment to abutment, so that ultimately 
both piers will be in the river. It is estimated that the 
work will cost 100,000/., or some 40,0001. more than has 
been borrowed to carry it out. The second prize was 
carried off by Messrs. Temperley, Edwards, and Henderson. 
Mr. Granger, the author of the first design, was trained in 
the office of Mr. Wilson, of London, and has been sheet 
three years in Victoria. 


Spanish Ironstone.—The centre of the Spanish ironstone 
district is situated about 7} miles north-west of Bilbao, 
and at an equal distance from the shipping stages on the 
River Nervion, between Bilbao and the sea; but the 
known — are scattered over a large area, some being 
close to Bilbao, and others nearly 19 miles to the phos 

west. The principal mass is elliptical in shape, about 
24 miles long by 1} miles wide. Its thickness is unknown, 
but Sealer C7 have been carried in it to depths in some 
— of 246 ft. It consists chiefly of brown hematite, with 

ere and there blocks of unaltered spathic ore. The ore 
contains in its undried state from 50 to 64 per cent. of 
metallic iron, with about 1 per cent. of manganese, and a 
little pkosphorus. It is of cretaceous age, being in some 
col hea sxthokie bop Aumeoliod ehh. coors 
and it robably been deposi y hot s 3 y 
charged with carbonate of iron. In some localities the 
iron crops out on the surface, and is obtained by ample 

quarrying. It is all got by blasting in open workings, an 
is conveyed, first by ox carts, or by wire tramways, o 
pF wt lines, and then by railway to the shipping 
stations. 


Central Asian Railway.—Advices have been received 
from the Russian expedition sent to survey the proposed 
Central Asian Railway. The works are advancing in & 
satisfactory manner, and interesting observations are 
being made in astronomy, physics, geology, zoology, and 
botany. 

Foreign Iron Ore in the United States.—Among recent 
Baltimore imports were 1700 tons of iron ore from Elba, 
and 1800 tons from Algiers. 


South 4 ey peer a —The opening of the Graham’s 
Town way for goods traffic has been postponed until 
further notice, in consequence of the backward state of the 
works at Dandas bridge. The line was opened for pas- 
sengers and parcels September 3. 


Bosnian Minerals.—Bosnia is found to be much richer 
in a ey than she had been supposed to be. She con- 
sven, aS quantities of good iron, Lo lead, ah me 
silver, gold and gold quartz, black coal, meer- 
chaum, and salt. At present only salt and iron are raised, 
and those only in onal quantities. 
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TREATMENT OF MERCURY IN NORTH 
CALIFORNIA. 
By T. Eaueston, Ph. D. 
(Continued from page 393.) 
Knox FURNACE. 

At the Redington Mine there are four Knox fur- 
naces, each treating 24 tons in 24 hours ; and Liver- 
more’s furnaces, of the same capacity, two of which 
were made out of the modified aria furnaces. The 
amount of ore treated per week is from 1000 to 
1200 tons. 

Previous to the introduction of the Knox furnace, 
while the modified Idria furnaces were the only 
ones in use, all the ore dressed was up to 5 per 
cent, Now, ore yielding not more than 14 per cent. 
as it comes from the mines, is treated. ~No adobes 
are now made at Knoxville. The Knox furnace 
(Figs. 4, 5, and 6) is a shaft furnace with a fireplace 
onthe side. The height of the furnace is 39 ft; the 
bottom of the fireplace is 17} ft. from the bottom of 
the furnace, so that the fireplace is about the middle 
of the shaft. The furnace is rectangular in shape, 
the top is 2 ft. square, and continues of this size for 
2 ft., and then widens out on one side until, at the 
depth of 4ft., it attains the width of 7 ft. ; while in 
the other direction it continues straight to a depth 
of 10ft., and then increases gradually until it be- 
comes 7 ft. wide at the fireplace. At this point 
there are two chambers arranged in the masonry, on 
one side for the fireplace, and on the other side / for 
the introduction of the pipe j carrying off the fumes. 
Here commences a series of six retreating arches 
which support the masonry of the furnace, four of 
which retreat 2} ft. on either side. The two others, 
which are above, are much smaller, and reach to 
within 3 ft. of the top of the furnace. In the fur- 
naces, as originally constructed, there were only 
three of these openings between the arches. In 
those recently built, there are four of these arches, 
but in some cases their number has been re- 
duced to two. It has been found that a depth of 
7ft. in the shaft is too great a distance across the 
furnace for the heat to traverse, so that in the later 
constructions this distance has been reduced to 2 ft., 
so that the section of the furnace at the fireplace is 
a parallelogram 7 ft. by 2ft. With this construc- 
tion a much larger quantity of fine ore can be 
treated, and this form is now adopted. By the en- 
largement of the furnace in the centre, the ore, as 
it comes to the point where it is to receive the 
highest temperature, is made to spread out suddenly, 
so that each particle of it comes in contact with the 
heat. 

The shaft continues to the bottom of the fire- 
place side, the same size as on the other side; it 
contracts equally upon both sides, so that at the 
bottom, where the ore discharges, the width is only 
2ft. The fireplace follows the retreating arches, 
with a width of 36 in. to the top of the second arch, 
and then diminishes to 30 in. at the top of the third, 
and continues so to within 3} ft. of the top of the 
furnace. Between each of these arches, on both 
sides of the furnace, there are openings Gin. wide, the 
whole width of the arch. The aspiration of the blower 
draws the flame from the fireplace to the vapour 
chamber 7 on the opposite side, the heat being 
always sufficient to keep the ore at a dullred. This 
construction of the fireplace is unnecessarily com- 
a The same effect might be produced by 

aving the fireplace entirely outside of the furnace. 
The ~~ is so arranged that it receives air as it 
enters the bottom of the furnace, through a series 
of channels f, so that it is heated hy the masonry, 
and a small saving of fuel is effected in this way. 
Furnaces with double fireplace and ore discharge, 
with a mercury discharge above the fireplace on one 
side, have been built, the dimensions of the shaft 
being 10 ft. by 5 ft. from fireplace to fireplace. They 
treat at the most 1} tons an hour; but it is doubt- 
ful whether they will work well, as they have not 
been very successful, since a single fireplace furnace 
treats 24 tons in 24 hours, while a double fireplace 
furnace can only be made to treat 30 to 35 tons in 
24 hours. Such a furnace has been constructed at 
the Great Western, the Sulphur Bank Mine, and at 
the Oceanic Mine in Santa fetes county, capable 
of treating 30 tons a day. 

The masonry was at first made 5 ft. thick ; it was 
afterwards increased to 7 ft., as it was found that 
the outside wooden braces at the Phoenix Mine were 
very hot, and ‘after remaining so for a long time, 
the wood became partially decomposed, and took 
fire; 7 ft. was afterwards found to be unnecessarily 
thick, and the walls are now generally made 6 ft. 





thick. They are braced with ten large wooden 
beams, which are held together by iron bolts. As 
two furnaces are usually built ee they are 
strengthened by three uprights of the same size, 
clamped by bolts, and passing entirely around the 
masonry of the furnace. The cubic contents of the 
furnace corresponds to 75 tons of ore, but as only 
one ton per hour is drawn from the single fireplace 
furnace, its capacity is one ton an hour. Every ton of 
ore will therefore remain three days in the furnace. 
When the proportion of fine ore is very large, or 
the ore is wet, the amount will be reduced to 12 or 
16 tonsa day. In the case of a large quantity of 
fine ore, it was proposed to remedy the difficulty by 
charging wood in small pieces with it, in order to 
keep the ore open, and allow free passages. The 
remedy of diminishing the width of the ore chamber 
is much better. 

The chamber / for the outlet of the vapour is 
underlaid with a very heavy cast-iron plate to pre- 
vent any possible condensation or absorption at 
that point. The pipe j for the outlet of gas is mad 
of cast iron, is 18 in. in diameter and 16 ft. high 
where it enters the condensing chambers 4. It pro- 
jects 2 ft, from the furnace before it turns, and in 
the elbow there is a manhole for cleaning the pipe. 
Just above the outlet a cast-iron door m is arranged 
so as to observe what is passing in the interior of 
the furnace. 

On account of economy of construction two fur- 
naces are generally built together. They are charged 
with 3 medium, and } to } of fine ore, Adobes 
could be used as well as any other ore, but since 
the introduction of the fine ore furnace there is no 
necessity for making them. 

The charge is introduced by means of an auto- 
matic wagon containing 17} cubic feet of ore, 
which is equivalent when moderately heaped to a 
ton. <A cubic foot of ore at the Redington Mine 
weighs 115 1b. If the ore is very light the charge 
will weigh somewhat less. When, however, the 
capacity of the furnace is given in tons, that number 
of car,loads is intended to be expressed. ‘The wagon 
is shoved by the charger to the top of the furnace 
where the rim of the wagon first strikes a lever 
attached to a wire rope which supports the cover of 
the furnace; this throws the furnace cover off; 
a projection on the bed of the wagon then throws 
it to one side. The workman then pulls out a pin 
in the wagon which discharges the ore into the fur- 
nace. As soon as the wagon is empty the weight 
of the furnace top and lever drives the car back, 
when the cover drops and closes the furnace, The 
weight of the charge holds the wagon in place only 
long enough for the car to ee 4 itself. ‘he work- 
man shoves the empty car back far enough to be 
out of the way, covers the furnace with ashes, and 
prepares a new charge, (ne such charge is made 
every hour. 

There are fifteen men breaking and sorting the 
ore. One man does the charging for two furnaces, 
The fuel used here and at the Manhattan Works is 
ordinary brush, which is cut by the company about 
a quarter of a milejfrom the furnace. It costs 
4 dols. a load, and is oe" to be equal to about a 
cord of good wood. he brushwood is used be- 
cause during the summer an unlimited supply of it 
can be had at a short distance from the furnace. 
It is much more easily cut and carted than wood, 
and isa cheap summer fuel, As this supply fails 
in the winter and teaming is more difficult, wood is 
then fused. To use the brushwood a sheet-iron 
trough 8 ft. long and 2 ft. square is hung upon the 
fireplace door. It is exactly the size of the door 
and is counterbalanced, so that when not used it can 
be thrown out of the way. The brush is cut to the 
length of the trough and is packed into it with a 
pitchfork. The fireplace door, which is also counter- 
balanced, is then raised and the brush is shoved in 
with a fork. This brush is used directly after 
cutting, it flames readily and makes a very quick 
fire. ft is charged every half-hour. When the 
furnace is running on fine ore it takes 1 to 1} cords 
of good wood to do the work of the furnace in 24 
hours, or two loads of brush, which are considered 
as weighing a ton. When the ore is large and the 
circumstances favourable, the amount of wood may 
be reduced to one cord, The wood is a mixture of 
white and live oak and costs 5 dols, a cord, de- 
livered at the furnace. A ton of brushwood costs 
5 dols., and is sufficient to treat about 24 tons of ore. 

The fireman draws the ore that has been treated 
and takes care of the furnace, The charge is drawn 
from a long narrow door d in the lower of the 
furnace, 15 ft, below the fireplace level, but not on 


the same side. The iron door is raised by a tackle 
and is coun i The ore is drawn by a hoe 
and rake attached to handles of iron pipe 12 ft. to 
14 ft. long. The discharge car is of iron, and is 
half the length of the door; it is rolled to one side 
of the opening, and stopped with the handle of the 
rake so as to be opposite the end of the door, The 
ore, which is black, though not cold, is drawn into it 
from one side of the charge door until the wagon is 
half full. It is then rolled to the other side, and 
filled from that. By the time the car is full the red- 
hot ore appears. ‘The car holds one ton of fully 
treated ore, One load is drawn every hour from 
the furnace. The furnace is charged above as soon 
asa charge is drawn, and both are done by the same 
men, The average ore will weigh 115 lb. per cubic 
aon after working it will not weigh more than 
55 lb. 

Each furnace requires six men to treat 24 tons in 
24 hours. <A double furnace, asin Figs. 4, 5, and 
6, requires only eight men to treat 48 tons in 24 
hours. To run four furnaces arranged as in Figs. 4, 
5, and 6, requires ten men who treat 100 tons in 
24 hours. It requires one day’s labour to treat 
4, 6, or 10 tons in 24 hours, showing a gain of 
250 per cent. on all the labour by increasing the 
number of furnaces to four. One engine and boiler 
will do all the work of four furnaces, and four to 
five cords of wood are sufficient to burn the ore, and 
keep up the steam to run the blowers, 

The draught is produced by Root’'s blowers, 
Fig. 4, D, G, J, M, which are placed at the ex- 
tremity of the condensing chambers. The bottoms 
of the condensers are inclined to an angle of*l5 deg. 
to 20 deg. ‘They are joined together as is shown in 
Fig. 4 at the top, by means of curved iron pipes. 
There are sixteen of these condensers to each fur- 
nace. Itis proposed, however, to have four sets of 
eleven, two sets of ten in one line, and six in another, 
making seventy-six in all, or nineteen for each fur- 
nuce. ‘The condensers, Figs. 7, 8 and 9, are all cast 
iron, 8 ft. long 24 ft. wide, and 5 ft. high at one 
end, and 6 ft. high at the other. They are set on 
wooden frames, Figs, 5 and 6, on a cement floor. 
The first condenser of the series nearest the furnace 
is set 30 in., and the last one 37 in. above the ground. 
Commencing with the next series, the first one 
furthest from the furnace is 40 in., and the last one 
of this series nearest to the furnace is 47 in. above 
the ground, ‘They are made of three castings, 
Figs. 7, 8, and 9, for greater ease of transportation 
and repairs. The top piece is 36 in. in depth, and 
is clamped to a projection on the piece below the 
top, has sides 1} in. deep, so as to hold the 
water to cool it. When the supply of water is 
abundant, it is made to discharge over the top of 
the rim so as to run down the sides of the condensers; 
but when the water is scarce it is not made to over- 
flow. At the Manhattan Works, where the first 
Knox furnace was built, the condensers are only 
half this height. They were in constant use fot 
five years, and at the end of that time were worn 
out. The ore here, however, does not contain as 
much sulphur as at the Redington Mine. 

A very small amount of quicksilver and impure 
sulphuric acid water commences to condense in the 
third condenser. It is very abundant in the eighth, 
and condenses through all the rest. It corrodes the 
ironwork more or less rapidly. It was thought at 
first that this action would take place chiefly on the 
bottom, and for this reason it was cast separate 
and made several inches thick. It has been found 
by experience, that as the bottom was entirely 
covered, it was in reality oxidised less rapidly than 
the side, so that the bottom is now only made a 
very little thicker than they are. It has been found 
that the action of the acid water is much less rapid 
when it is in contact with a small quantity of air. 
It is therefore allowed to collect for about 2 in. in 
the bottom of the last eight condensers, and at this 
height is discharged from a wooden spout into the 
mercury trough, and is run into the settling vats, 
Fig. 4, T, which are 4 ft. deep and 6 ft. by 10 in. 
in size, A very trifling amount of mercury is 
carried off by these streams, but is collected in a 
tank, which shows that the condensation is very 
nearly perfect. The mercury commences to con- 
dense in the first to the eighth condenser, and is 
discharged at once by a small opening in the 
bottom of the manhole door, Fig. 8, F. It is col- 
lected in iron pots, Fig. 4, O, which contain about 
an inch of water to prevent the mercury from 
oe as it falls. ‘The iron pipe leading from 
the trough into the mercury pot is shaped like a 








syphon, so that the acid water runs off above, and 
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the mercury collects clear. From these pots it is | for the cost of the structure, but the flues are made | one by one. After one or two have been cleaned 


collected into the bottling pots, Fig. 4, P. The 
arrows outside the condensers, Fig. 4, indicate the 
flow of the mercury. 

From the end of each set of the condensers, 
wooden boxes, Fig. 4, F, H, K, N, 1500 ft. long and 
30 in. square, carry the smoke and fumes away from 
the furnaces. The boards of which they are made 
are clamped against a wooden frame on the inside 
by wooden clamps on the outside, so that it can 
be taken apart at any time. If nails were used 
they would very rapidly corrode, and the flue, if 
not clamped, would be likely to fall to pieces at any 
moment. 

Three hundred feet from the furnace on the flue, 
there is a chimney, Fig. 4, Y, which is 4 ft. square, 
and descends about 15 ft. It is filled with large 
stones over which water is made to flow from a pipe 
connecting with the reservoir, This reduces the 
volume of the smoke, which in this way is made 
quite cool at this point. One thousand feet from 
here the four conduits are united into one, which is 
continued to the top of the hill nearly a mile away. 
No mercury is found in any pert of this conduit, 
or in the flues leading to it, but soot deposits in small 
quantities. The flues are swept out once a year, 


and the soot so collected has yielded as high as 54 0z. | is opened at a time. 
to the pound. Enough has been collected to pay | possible accident they are only allowed to be opened 


of this great length to carry away the smoke, 
which in winter collects in and around the furnace 
and annoys the men, and in summer to carry off 
the acid vapours, which would kill the vegetation. 
It is quite common to see the sickly cattle in the 
neighbourhood collect around the mouth of this 
conduit, and remain there until driven away. 

The engines, Fig. 4, W, which do the work of the 
two blowers are 15 horse power ; only one of the pair 

is used at a time ; they are also used to saw all the 

wood, It takes one anda half cords of wood for 
| the engines in 24 hours. 

All the condensers are cleaned once a week. This 
| is done in the intervals between the charge and dis- 
| charge of the furnace by taking off the man-hole 
| door and cleaning off the sides with a hoe. It takes 
| two or three men to take out the soot from each 
| condenser. The soot is caught in an iron soot 
| bucket 2 ft. by 3 ft., and 18 in. deep, which is carried 
|ona truck. ‘That from the first eight condensers 
only is rich enough to treat. That collected from 
| the others is too poor to work, and is put directly 
back into the furnace with the ore. The draught into 
| the condensers is so strong that there is no danger 
| of mercurial vapours escaping, if not more than one 
In order to prevent any 











the soot is worked up and the others are then cleaned. 
By doing the work in this way times can be selected 
when the furnace is neither charging nor dis- 
charging. 

The quantity of soot produced is very variable, 
and depends upon whether the condensers have 
been properly cooled or not, whether the fire is 
quick or slow, whether the blower is run at a low 
or high speed, to some extent upon the changes of 
the weather, so that the quantity deposited will 
vary at different times. The same is true of the 
acid water, and it sometimes happens that when the 
blower is run at a very high speed, though every- 
thing else in the furnace is in a normal condition, 
but the water has given out, no acid water will be 
deposited in the first six or eight condensers; the 
heat which is usually absorbed by the evaporation 
of the water being so great that they remain perfectly 
dry. 

It takes from Monday till Friday to clean out the 
condensers and work up the soot, On Saturday the 
conduits and spouts are cleaned, and the flasks are 
filled with mercury which has been collected during 
the week. 

In a charge which produces 150 flasks of mercury 
per week, 40 will come from the soot. The works 
are so arranged that two furnaces may run with one 
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blower, or through one set of condensers, and this 
may become necessary when all of the blowers or 
one set of the condensers have to be repaired. 
Under such circumstances a smaller charge has to 
be made in the furnace, as it is more difficult to 
keep up the heat. The diminution in capacity will 
amount to four or five car loads of ore in 24 hours. 
Two of the furnaces ran for nearly a year without 
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repairs, and produced from 600 to 900 flasks a 
month, the variation depending upon the richness of 
the ore. 

The soot is first stirred on an inclined iron to 
separate the free mercury, and is treated with lime 
in retorts, Fig. 4, ¢, 9 ft. long, 30 in. wide, and 18 in. 
high. They are so constructed that a small quantity 
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of very hot air is introduced into them while the 
charge is being treated. When the charge door is 
opened a connexion is made with the chimney, so 
that the draught draws the mercurial vapours away 
from the men. Two retorts treat 6 tons of soot 
per week, which contain from 40 to 50 per cent. of 
quicksilver. They will generally yield from 40 to 
50 flasks or more. Two others would be necessary 
to treat all the soot, so that part 
of it is treated in the fine ore fur- 
nace. 

A Leibig condenser, Fig. 4, 2, 
10 ft. long, is added to the retort, 
the condensing pipe being large 
enough to hold at least a barrel 
of water at a time. 

At the Manhattan Works the 
usual method of treating the soot 
is in aniron kettle capable of hold- 
ing about 120 gallons of water set 
in a frame of wood. In the bottom 
there is a hole into which a syphon 
of }in.gas-pipe is screwed. A ver- 
tical shaft is supported over the 
centre of the kettle, and jast below 
its edge, a wooden arm 4 in. by 4 in. 
is placed, so that in revolving it will just clear the 
sides of the boiler. Through this arm, iron pins 4 in. 
apart are run so as just to clear the bottom of the 
kettle. The soot, with a proper admixture of lime and 
ashes, is charged, and the stirrer set in motion, In 
about 20 minutes, or a little less, all the mercury that 
can be mechanically separated will have gone to the 
bottom, and passed out through the syphon. The 
material remaining behind is perfectly dry, and is at 
once transferred to the retort where it is treated. 
One man draws and treats the soot of a week’s run 
of the furnace or the product of 150 to 175 tons of 
ore in one day. The experiment was made at these 
works, of working the soot in a machine which was 
an iron rocker worked by steam having several 

















motions, with an iron rake working backwards and 
forwards in it, The soot was mixed with lime. A 
very large quantity of the mercury in the soot was 
collected in this way by machine labour; but the 
difficulty of the process was that after the mercury 
had been collected it was again floured by the action 
of the rake. After a number of experiments this 
machine was definitely abandoned for the one de- 
scribed above. I mention it only as an illustration 
of how difficult it is to treat by any purely mechanical 
method, the soot in which the greater part of the 
mercury is in suspension in flour. 

The best men in the works at the Redington 
Mine are always selected for the Knox furnace. 
They work 12 hours, and are paid 40 dols. and board 
for 30 days. If the men have families, and occupy 
the company’s cottages, they are allowed 20 dols. as 
a commutation for board, but are obliged to pay 
7.50 dols. per month for rent, 

(To be continued.) 





THE SLOPES OF CUTTINGS. 

In our recent review (vide page 219 ante) of the 
Transactions of the Institution of Civil Engineers 
for the session {1878-9, we referred to a paper by Mr. 
W. Airy, M. Inst. C.E., ‘On the Slopes of Cut- 
tings,” printed as one of the “Other Selected 
Papers,” in one of the volumes. As the paper was 
not discussed at the meetings of the Institution, and 
as the conclusions and a of the author 
bear very materially upon the first cost and mainte- 
nance of railways, we gladly take the opportunity 
of shortly reviewing the paper in our columns. 

The object of the paper, as the author states at 
the outset, is to determine the proper shapes to be 
given to the slopes of cuttings, with a view to 
avoiding the waste of land and labour which re- 
sults from the ordinary practice of dressing the 
slopes to a straight batter. This is a subject of 
importance for the constructors of railways in all 
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countries where land is of considerable value. The 
acquirement of the land for the construction of 
their railway is in general the first and heaviest 
drain upon the resources of a newly-fledged railway 
company. ‘Ihe landowners and tenants, who are 
for the most part hostile to the railway, insist on 
full payment in cash before allowing the land to be 
taken, and many small railway companies have had 
the greatest difficulty in carrying out the works of 
their railways in consequence of being at so early 
a stage denuded of their cash. Any arrangement, 
therefore, by which a saving can be effected in the 
amount of land required is worthy of serious con- 
sideration, and there can be no doubt but that the 
principles enunciated in the paper may be generally 
applied with great advantage. 

‘The investigations of the author appear to have 
reference mainly to slopes in clayey or loamy 
ground, ‘These, however, are of very common 
occurrence, and are almost the only slopes which 
give much trouble. The author has made experi- 
ments on different kinds of clays in order to de- 
termine their coefficients of tenacity, friction, and 
weight, and has then computed mathematically the 
curves which would make the slopes equally secure 
at all points. ‘These curves correspond closely with 
a straight batter at a depth of 40ft. or 50ft., but 
the upper parts are considerably curved and are 
much steeper than the lower parts, Therefore, a 
straight line, corresponding with the lower part of 
a slope and representing the straight batter which 
would be used according to ordinary practice, would 
cut away more ground and Jand than would the 
curve, in a manner wholly unnecessary. The saving 
of land that might be effected will best be estimated 
by an example ; if, for instance, there be a cutting 


’ a quarter of a mile long and averaging 30 ft. deep, 


in ground which would ordinarily be laid at a slope 
of 2 to 1, it appears from the curves given by the 
author that the saving on that cutting alone would 
be nearly an acre, and similarly in other cases. ‘The 
only kinds of ground to which the investigations do 
not practically apply are, first, soile having little or 
no tenacity, such as clean sand or sand much 
charged with water, and, secondly, solid rock, 

It is somewhat remarkable that curvilinear slopes 
should not have generally suggested themselves as 
the natural and stable form for the sides of cuttings. 
Almost every slip that takes place exemplifies 
the principle. The surface left by a mass of earth 
that has slipped is seldom or never plane, it is almost 
always curved to a shape greatly resembling the 
curves given by the author, and is generally beauti- 
fully smooth and regular Such abundant hints 
from nature might well have been expected to give 
a clue to the most economical shapes. Probably 
the chief reason for neglecting them has been the 
want of theoretical knowledge on the subject of the 
stability of compact natural ground ; the subject is 
avery troublesome one to investigate mathemati- 
cally, and until this has been done there is, of 
course, a certain amount of risk in adventuring upon 
a new system, Another reason is that a straight 
slope is much more easily set out than a curved one, 
aa therefore, the gaugers and navvies to whom 
this duty is generally relegated, are greatly opposed 
to any innovation which involves the application of 
superior intelligence and a little more work. Now 
that the subject has been to some extent brought 
within the domain of mathematics, and the saving in 
land and earthwork that might be effected has been 
pointed out, it may be hoped that the two reasons 
already cited will not be aliowed to binder progress 
in the direction of the improvement of the slopes of 
cuttings. 

‘The precautions necessary for the maintenance of 
slopes, and the treatment of exceptionally wet or 
weak places in slopes are matters of the highest 
importance. Owing to the percolation of water 
through the slepes, the effect of weathering on the 
ground, and, above all, the severe vibration caused 
by the passage of heavy trains, it is frequently 
found that the work which was sufficient for tempo- 
rary stability does not suffice for the permanent 
security of the slopes. It is for these reasons that 
the author recommends that all clay slopes should 
be retained-along the toe by a low concrete wall, 
whether they have shown signs of slipping or not. 
Such a wall would undoubtedly add very great 
security to the slopes, and the expense of it would 
be small compared with the cost, direct and indirect, 


of dealing with slips after the railway is opened for | 


traffic. With regard to the treatment of wet places 
in slopes, Mr. Airy recommends that deep drains 
cut into the slopes for carryiog away the water 





should be very sparingly used. His chief reason for 
this recommendation is that clay ground has great 
tenacity, amounting on an average to 150 lb. per 
equare foot, which tends to maintain the ground 
in its position and to prevent a slip, whereas in 
cutting the deep drains the ground is in a great 
measure deprived of this reserve of strength; and 
he recommends in preference that the wet spots 
should be protected avd supported by hand-packed 
stone, which would allow free passage to the water 
without permitting the earth to be washed away. 
This opinion is without doubt opposed to the prac- 
tice of some engineers and contractors, but we do 
not at all understand Mr, Airy to object to deep 
drains in special cases. And it is undoubtedly true 
that with some contractors the practice of cutting 
up the slopes by deep drains has become a perfect 
mania. We have frequently seen the slopes of 
cuttings trenched with long drains of 6 ft. or 8 ft. 
in depth into solid clay without tapping a drop of 
water, and driven entirely on the chance of finding 
water, Such drains are altogether mischievous ; 
they break up the ground, and let the surface water 
into the slopes instead of taking it out; and occa- 
sionally they get choked, and a body of water 
collects which causes a bad slip. But on a subject 
which admits of such an infinite variety of condi- 
tions as earthwork it is impossible to lay down hard- 
and-fast rules, Every case must be judged on its 
own merits and be prescribed for accordingly, and 
we think that Mr. Airy has done well in confining 
himself to the broad principles which he has been 
guided to by his investigations and consideration of 
the subject. 








NOTE ON TRIAL OF MESSRS. YARROW 
AND CO.’S TORPEDO SCREW VESSEL.* 
To THE EpIToR oF ENGINEERING. 

Srr,—The very interesting results obtained from the 
trial of Messrs. Yarrow and Co.’s torpedo screw vessel 
recorded by you in your issue of October 17, when discussed 
from the point of view which, in several ways, I have 
endeavoured to explain, furnish illustrations of some 
matters not generally known, and which, ultimately, it will 
be found useful to consider. Ina tabular form, reversed in 
order, let us consider the five highest speeds as follows : 











Speed of vessel in 
nautical miles ove 0 | 19.5 | 19.0 | 18.25] 17.5 
Indicated horse power}425.2 /401.0 |365.0 {317.3 /|271.0 


Revolutions of pro-| 
peller per minute “ 460 | 442 | 420 | 397 | 374 


| 
No. of Experiment ~ xX. | IX. | VIM. | VII. | VI. 


aS 

















It has been shown that the law of the expenditure of the 
power in propelling the same vessel at different speeds, 
when the circumstances remain the same, is : 

E=)Vlog—'aV . . (1) 
and similarly the law of the revolutions of the propeller ; 

N=nVlog'mV  .  .— (2) 
where E, N, and V are the gross indicated power, number 
of irevolutions, and speed of the vessel respectively, and 
6, a,n, and m constant coefficients. Also, by the notation 
log.—! is meant the number whose common logarithm is the 
product a V or m V respectively. 

In the above experiments the values of the constants seem 
to be such that (1) and (2) take the form : 

E=1.355 V log.—! .0606V. . . (3) 
N=12.05 Vlog.~!.014V. . . (4) 

Since, by supplying the experimental values of V and 

calculating E and N, we obtain, 





| 
No. of Experiment .| X. | IX. | VII} VII.) VI. 





Power by formula ...' 441.5 | 401.5 | 365.0 | 315.7 | 272.5 
experiment | 425.2 | 401.0 | 365.0 | 317.3 | 271.0 


| #163) +5) 0 | —16) +15 


Revs. by formula ...| 459.2 | 441.2 | 422.5 | 396.1 | 370.7 
»» experiment | 460 | 442 / 420 | 397 | 374 





Differences 








area. Otherwise, the figures given from the respective 
diagram areas do not seem consistent, thus : 





IX. | VII.| VI. | VI. 


xX. 


No. of Experiment ... 











Power, high-pressure 


cylinder... ++-| 245.0 | 227.3 219.0 | 188.7 | 155.0 
Power, low - pressure 


cylinder o~e| 100.8 174.1 146.0 | 128.6 | 116.0 








It seems anomalous the low-pressure diagram of X. should 
only increase by six horse over I[X., and the high pressure 
one by eighteen horse. Between IX. and VIII. and then 
from VIII. to VII. there is a very different ratio of these 
two; and, hence, from some cause, probably not known to 
the observers, I think the actual power was more likely to 
have been about 440 than 425, as given. 

By the law of the constancy of friction in every machine 
developing power and doing work at different velocities : if 
P and p denote the respective diagram pressures of the high 
and low-pressure cylinders, and r the ratio of the areas of 
their pistons; these pressures are equivalent to a gross 
pressure (P+ p) upon two pistons of the area of the high- 
pressure piston; and the gross power developed will be to 
the effective power given out, in the ratio of the quantities 
(P+rp) to (P+rp—f), where f is a constant defect from 
the sum of the piston pressure throughout the series 
of experiments. Hence, 

Gross power : effective power :: (P+rp):(P+rp—/), 
and by composition of ratios, this gives 

Waste power_ f (5) 
Gross power P+rp 





Now, a 
8 

—_—__. N (P+rp)=E 

ai,o10 8 P+") 
is simply the general expression for the developed gross 
power of a pair of compound engines, when N the number 
of strokes, and P and p the diagram pressures are given ; 
and we have only to substitute in this. for E and N, the 
general values of (1) and (2), to obtain the general value of 

(P+rp)=21010 | ® | tog. —* (a—m) V. 
d?s mM 


= f log. a—m) ‘ * - (6) 
(for the obvious reason that when V=0, (P+rp) must have 
the value f). Hencv (5) can be written, 
Waste power_ 1 
G ee 1 ° ° (7) 
ross power jog, —!(a—m) V 
And, again, writing for the gross power its general valne 
by (1), and clearing of fractions, the final value : 
Waste power=b V log. —!m oF - (8) 
> the case considered, these have the two particular 
Vaiues : 





1 
Ratio of waste power = ——_;——* 
log. "0466 V 


: Actual ,, 9  7=1.355 V log.—1.014V, 
which calculated out yield the following values : 








| 
No. of Experiment...| X. | IX. vat. | vil. | VI. 
| 
Gross power... ,.| 441.5 | 401.5 365 | 315.7 | 272.5 
Waste , ... «| 516 | 49.5 47.5 44.5 41.6 
Ratio of waste ied 117 .123 130 144 153 











Let us rext consider experiments V. to I., as per the 
following Table : 





No. of Experiment ...| V. | IV. | III. | I. I. 








Speed of vessel in 
nautical miles ...|. 17.0} 16.2) 15.3] 14.25) 13.3 
Indicated horse power} 233.3) 196.8) 164.4/125.6 | 94.9 
Revolutions of pro- 
peller per minute ...} 352 | 330 | 310 | 288 268 


























We will speedily discover that a remarkable change has 
occurred somewhere about VI. and V. The formule which 
answered so well at the higher speeds now require large 
alterations in their constants, indicating a change of cir- 
cumstances. Thus we find the probable values, very 
approximately, now are : 

E= .89 Vlog.—'.07V. 

N=18.90 V log.—!.002 V. 
Since the experimental values of V, introduced in the 
second number, give the formula values of E and N as 
follows : 








Differences | —8) —8/+25; —9 | —-3.3 
{ 





The obtaining the experimental data at these extraordi- 
nary speeds is a triumph of engineering skill, and the 
agreement with the formula values is closer than could 
reasonably be expected. The power for X. is the only one 
that presents much discrepancy; and, on reasonable 
grounds, it seems, the formula value is more correct than 
the calculated di m value! Referring to the low- 

ressure cylinder diagrams, it will be seen, with VI. there 

begin large oscillations of the indicator piston, which con- 

tinue down to IX. inelusive, but nearly disappear from X. 

essrs. Yarrow and Co. will know whether something was 

done to check the oscillation, and whether they are satisfied 

that this did not influence the diagram so as to reduce its 
* Reported in ENGINEERING of October 17, 1879. 








No. of Experiment...) V. | IV. | HI. It. I. 














Power by formula ...| 234.3 | 196.3 | 160.4 , 126.0 | 101.0 
- experiment 233.3 | 196.8 164.4 125.6 














+10) —.5|-40, +.4| +61 

a 

.| 347.5 | 330.0 | 310.3 | 287.6 | 267.3 
|310 | 288° | 268 


Differences 














Revs. by formula 
% experiment | 352 | 330 


—— | ——_———— 





Differences ond =4.5 0 +3 —4| —.7 














Examining these figures we see the power for I. exhibits 
a rather large difference, and that with V., like VI. of the 
former set of experiments gives a greater number of revolu- 
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tions than the formule. These hold good on either side 
to a degree which is ridiculously accurate for such a difficult 
experimental investigation ; but the important fact to no- 
tice is, that at the high speeds we have increased revolu- 
tions with greater efficiency, which is a direct contradiction 
to the usual doctrines regarding slip; for if the constants 
at the low speeds held good throughout, the revolutions at 
20 mile speed would have been 414.5 instead of 460, as per 
experiment; and the gross power 447, instead of 441.5, 
which is given by formula (3). 

And there is a still more curious result ; the waste power 
formula (8), with the new values of the constants, is now 

Waste power=d V log.—! m V=.89 V log. —1.902 V. 
Whence the numerical values : 





| 








No, of Experiment... V. IV. IIL. Il, i 
Gross power 234.3 | 196.4 160.4 126. 101, 
Waste power 164 | 15.5 14.6 13.5 12.6 
Ratio of waste .070 079 091 107 124 





This is also shown by contrasting the values of (P+r p) as 
given by equation (6), as follows : 


For high speeds (P+ rp) = 18.98 log. .0466 V. 
For lower ,, 5.79 log’? .068 V. 


In which f, the initial coefficient in the first, is 2.414 
times its value in the second. 

The conclusions which seem to follow from these figures, 
are as follows: First, the great influence which the stern- 
ward flow of the displaced water past the vessel exerts 
upon the phenomena of screw propulsion. Secondly, in 
screw vessels, in an especial degree, these phenomena have 
adual character due to the action of the following frictional 
current in the wake of the vessel, and to the action of the 
propeller upon it. In the first instance, the power involved 
in the movement of this current, when checked by the 
action of the propeller, diminishes the frictional constant of 
the machinery ; but when the sternward, or, as it ought 
to be named, Poncelet’s current, is fully established and 
assisted by the slip action of the propeller, great apparent 
slip is the result ; but this being merely due to the ~—— 
past of the displaced water, is not a draught upon the de- 
veloped power of the engine, and even the slip action, 
such as it is, goes to assist in carrying on this displacing 
action, which, in opposition to some great authorities, I 
hold to require the greatest proportion of the power ex- 
pended, at any speed. Usually there is only a dual relation, 
of which only one is apparent in the great majority of 
speed trials; but these little vessels driven over a great 
range of high speeds would seem to indicate even a third, 
which careful experiments carried down to the lowest 
possible speeds might establish. The coefficient m of the 
revolution equation would, in this case, be negative, and 
we should have an even smaller proportion of waste power. 
This would not give the true value of the frictional con- 
stant, it would be this quantity modified by external cir- 
cumstances, as I have already shown to be the explana- 
tion in the case of apparently small values, when the speed 
of the vessel is assisted by a beam or following wind. All 
the foregoing explanations apply only to the case of vessels 
properly designed for the highest speeds at which they are 
driven. A general investigation is hopelessly complicated. 

ROBERT MANSEL. 

Whiteinch, Glasgow, November 10, 1879. 


MARINE CRANKSHAFTS AND BEARINGS. 
To THE EDITOR OF ENGINEERING. 

Srr,—In the matter of framing and bearings great 
rigidity has generally been considered very desirable, and 
great efforts are usually made by engineers to obtain this ; 
now, although it is evident that great ultimate strength 
must! exist, is it equally necessary that great rigidity in all 
directions shall be provided for ? 

A case in point having a possible bearing on the sabject 
may be remarked in early railway history where great 
rigidity was supplied to the permanent way by laying it on 
stone blocks. This has been noticed and commented upon 
in your columns more than once, and the result of this error 
is well known. 

There can be little doubt but that in large vertical 
marine engines, very heavy aud suddenly applied strains 
often amounting to direct percussion, must be communi- 
cated to the axle bearings through the piston and connect- 
ing-rods, especially when there is any undue slackness in 
bearings or racing occurs. 

_ How far this may be to blame for the frequent failures 
in crankshafts is an open question, but with regard to 
brasses, may there not be a close connexion? 

Many sea-going men affirm that if a bearing once heats 
badly the brasses are found on removal to have gone out of 
shape in such a manner as to grip the shaft sideways, and 
this is generally looked on as an effect of heating, but may 
it not prove to be instead, the cause? A large piston, 
piston and connecting rods, crosshead, &c., form a hammer 
of no inconsiderable size, and a substantial entablature a 
very fair anvil block. If railway metals and chairs hammer 
into each other under rolling weights, why should brasses 
not be pounded out of shape with heavy loads on them, 
alternating in direction, very many times in a minute, 
and occasionally several times a second, as when racing? 

If such should be the cause of injury is not the remedy 
easily found, namely, interposing between the butts of the 
connecting-rods and the brasses, and between the brasses 
and the straps, an elastic material, such as hornbeam, 
capable of reducing and distributing the effects of percussion? 

‘The method of fitting will probably occur to any practical 
person, and should comprise such an arrangement of strips 
as would support the parts equally without yielding unduly 
at any portion, clips to retain the pieces in position, &c. 

_ In the bedplate the difficulties would be greater but not 
insurmountable. 














I think itis capable of proof that if any yielding takes 
place in the brasses that the effect must be to close them on 
to the shaft, although the opposite appears probable at first 
sight ; however, I will not trespass further on your space at 
present. 

Tam, Sir, yours faithfully, 

London, Nov. 18, 1879. Duplex. 








THE ACCURACY OF INDICATORS. 
To THE EDITOR OF ENGINEERING. 

Srr,—As I have myself made a number of ex- 
periments here upon this subject, and have had a number 
more made by one of my students, I shall be glad if you can 
spare me a little space to say something as to their general 
results, which unfortunately have not been at all so re- 
assuring as those of Mr. Crossley. 

I fear that some of your correspondents have hardly 
realised in how many ways the accuracy of an indicator 
diagram may be impaired, and it may be worth while to 
notice what the principal sources of error are. They may 
be divided into three classes : 1. Errors in the make of the 
instrument ; 2. Errors due to the motion of the instru- 
ment; and, 3. Errors in the spring. Taking these in 
order, under the first head comes first the vital matter men- 
tioned by Mr. Schénheyder—the diameter of the cylinder. 
This is not, of course, allowed for by any of the ordinary 
deadweight methods of testing the springs, although, as 
Mr. Schénheyder points out, it may easily be a source of 
sensible error. To make perfectly sure of one’s indicator 
within one per cent., it appears to be necessary to gauge the 
piston, or by preference, I think, the cylinder. The pistons 
of two which I have beside me measure respectively 0.793 in. 
and 0.791 in. in diameter, the former being quite new, and 
the latter somewhat used.* Then there is the error of the 
parallel motion, which is of course eliminated by such a 
method of testing as Mr. Crossley uses. The only experi- 
ments which I have made on this point have heen made b 
testing of the same springs in different indicators, and 
have not found in these differences exceeding those found 
between two experiments in the same indicator. But my 
experiments have not been numerous enough to found any 
conclusions on. The errors may be of two kinds, a possible 
error by misproportioning of the leverage (which is in- 
tended to be 4:1), and an error (as pointed out by Mr. 
Potter) due to the imperfection of the ‘‘ parallel motion,”’ 
This error may perhaps be considerable if the springs are 
used (which they ought not to be) mpd up to the maxi- 
mum pressure marked on them. In the only indicator 
whose parallel motion I have measured and tested abso- 
lutely I can detect no error for a stroke of piston of 0.8 in. 
The principal sources of error in the actual motion of the 
instrument are (1) piston friction, (2) pencil friction, and (3) 
momentum of moving parts. With a carefully cleaned in- 
dicator and clean steam I find that (1) may fairly be 
neglected, but no doubt with a dirty indicator or—what is 
worse—dirty steam, it may bealmostanything. The pencil 
friction is of course quite uncertain unless some constant 
pressure arrangement be adopted. I have examined this 
with a number of different springs, and find with such 
springs as 24 or #5, the pencil will generally mark from 
0.2 Ib. to 0.5 Ib. per square inch more if allowed to move up 
freely, and made to touch the paper only when it has come 
to rest, than if it traces a line under ordinary pressure 
during its motion. I fear this is a common source of error, 
and it is one which occurs whether the pencil be moving up 
or down, the reading being in defect in the one case and in 
excess in the other. The momentum of the piston and 
radius rods is in some cases quite sufficient to give a wrong 
ordinate at a particular point, but errors from this source 
generally pled for themselves in the diagram, and can 
hardly cause practical inconvenience in ordinary cases. This 
also tends to some extent to rectify the errors last named. 

I come lastly to the errors due to the spring itself. These 
may be of two kinds, and the more important are, Iam 
afraid, those not generally noticed or perhaps known of. 
In the first place, the actual scale of the spring may not 
correspond to its nominal one, or may not be itself uniform. 
I must say that in this respect I have found prings to vary 
a good deal. The scale of each spring I find fairly uni- 
form, but when the indicator is kept at about its ordinary 
working temperature, the measured scale frequently differs 
2 and 3 per cent. from its nominal scale, generally in excess. 
I find also that very few springs.will give the same reading 
after vibration as they gave before it, under a load which 
has been very quietly applied. From a great many compa- 
rative experiments i have no doubt that it is a mistake to 
try to determine the scale of a spring cold when the spring 
is actually to be used hot. I have not had any opportunity 
of indicating one of Mr. Crossley’s excellent engines, and 
so do not know what temperature the indicator takes up, but 
I can say without hesitation that most indicator springs give 
from 24 to 34 per cent. higher readings (and sometimes a 
much greater difference) at a temperature of about 200 deg. 
Fahr. than they do at 60 deg. Fahr. 1 have not yet found any 
exception to this rule, which, of course, renders a scale de- 
termined by cold tests quite inapplicable to the diagram of a 
high-pressure cylinder. I believe Messrs. Elliott Brothers 
now take 212 deg. Fahr. as the temperature for which their 
scales are nominally proportioned. . , 

I come last to what is, I think, the most important point 
of all, a point on which I have now made so many experi- 
ments that I cannot but regard it as proved, although I 
have not seen it anywhere noticed. If by any of the 
methods suggested by your correspondents a series of 
increasing loads be pl on the spring, and readings taken 
at each, and if then the weights are one by one removed so 
as to give the same loads in decreasing series, the two sets 
of readings will never be the same, at least I have not 
in any single instance found them to be the same. The 

* The measurements were made with vernier callipers 
which I believe to be accurate. The diameters at 212 deg. 
Fabr. are just appreciably larger than those given. 











spring does not recover itself perfectly, and the descending 
readings are always too high, 3 lb., 41]b., and 5 lb. per 
Fae inch = vs the eh y of the — line of such 
iagrams as those for which springs from to jy are 
commonly used. If the spring be set in seattle vibration 
by hand before each reading of both sets the readings can 
made to agree very closely, but of course no such con- 
dition occurs in practice. To see how far the rapid con- 
tinous motion of the pencil in actual work could affect this 
result I made an arrangement by which I could remove 
any portion of the load on a spring with any degree of 
suddenness, and at the same time give the paper dram its 
proper motion. In this way I have obtained a number of sets 


of di ms in which lines are drawn under circumstances 
very closely resembling those under which the expansion 
line of any ordinary diagram is drawn. The differences 


between the results thus obtained, and those found for the 
descending series of quiet loads just mentioned were, cdn- 
trary to my own expectation, so small as to be fairly 
within the errors of experiment. The error due to this 
cause is approximately proportionate to the pressure, and 
scarcely any springs which [ have tested do not come back 
perfectly to their origi atmospheric line. The conse- 
quence of an error of this kind on an indicator diagram, 
when nearly the whole of the upper line is drawn with a de- 
scending pencil, I need not point out. I fear it vitiates some- 
thing more than the fourth decimal place which our friends 
at the Admiralty give us in their indicated horse power ! 

I have already taken up so much of your space that I 
must not here say anything as to the probable causes of 
these errors, with your permission I may perhaps return 
to the subject at another time. I will only add further 
that in my own experiments I used weights, as your other 
correspondents have done, for obtaining the pressures. 
The details of my arrangements were different from those 
mentioned, but with this I need not trouble you. The 
careful and elaborate experiments of Professor Berndt, to 
which you have drawn attention, were carried out with 
steam pressure measured by a mercurial gauge, He found 
extraordinarily large errors to exist in some cases, but this 
was greatly due, I believe, to the fact that some of the 
indicators he tested were very inferior. The errors he 
obtained with good instruments were not at all in excess of 
those which I have found myself. 

Yours truly, 
Aurx. B. W. Kennupy. 

Baginoutng Sebenees University College, W.C., 

ovember 24, 1879. 


INDICATOR DIAGRAMS, 
To THE EpIToR OF ENGINEERING. 

Srr,—In perusing your last issue I observed an illustrated 
arrangement by Mr. Johnstone for taking indicator dia- 
grams, as also your remarks showing the defective nature 
of such an arrangement, producing, as it must do, a distorted 
card. I cannot, however, agree with your opinion that by 
simply changing the positions of the pin and slot, as de- 
scribed, that the defect is obviated. A moment’s considera- 
tion will enable you to see,that reckoning from the mean or 
vertical position of oscillating lever, that the alteration 
suggested, would simply change what was previously a de- 
creasing rate of angular motion of the oscillating lever, to 
an increasing rate of motion. The suggested alteration 
will not therefore produce a correct diagram. Instead of 
the sides of slot in bracket being straight, they should be 
curved so as to cause the oscillating lever to describe 
equal angles for equal increments of piston travel. 

I am, Sir, yours respectfully, 

Glasgow. ALEX. TURNBULL. 

{If the string for driving the indicator be so attached to 
the vibrating lever that a line drawn from this point of 
attachment to the centre of vibration of the lever is at right 
angles to the direction of the string when the piston is at 
mid-stroke, the arrangement objected to by Mr. Turnbull 
ee absolutely correct movement to the indicator cord. 








on the other hand, the cord is led off an are or drum 
attached to the vibrating lever, there is undoubtedly an 
error introduced such as that to which Mr. Turnbull refers, 
its amount increasing with an increase in the angle through 
which the lever vibrates.—Eb. E.] 


ALR PUMPS. 
To THE EpItoR OF ENGINEERING. 

Srr,—Having read the letter of ‘‘D. H.’’ on the above 
subject in your issue of the 21st inst., I desire to say that 
my experience with water as packing for air pumps is such 
as will not permit me to speak so favourably of it as your 
correspondents ‘‘ Duplex,” ‘“‘D. H. M,’’ and ‘‘D. H.” 
I grant it is better to have part water leaking into the 
pump than allair, as it is evident that where water is 
passing air has less chance to enter than if no water at all 








were there. Butif we imagine the entry of water entirely 
excludes the passage of air we deceive ourselves and are 
open to be led astray, because it must be remembered that 


water contains hir in solution or mixed with it, and the air 
so contained is not only conveyed into the pump, but is 
also liberated through the violent agitation and breaking 
up of the inrushing water ; besides this an additional quan- 
tity of air is almost invariably drawn in with the leaks, 
after the manner of air rushing through a hole in the side 
of a vertical pipe down which a stream of water flows. In 
this way air accumulates in the pump and so impairs the 
vacuum as to occasion much trouble and very considerably 
reduce the economical working of the engines. Of course the 
magnitude of the evil depends upon the plunger being a 
good or bad fit in its stuffing-box; nevertheless, I have not 
found the water system, sogrerer of by your correspon- 
dents, such an efficient remedy for leaky stuffing-boxes as 
to warrant its general adoption, although, if properly ap- 
plied, it tends considerably to lessen the defect. 

These considerations, and the sorry results I have seen 
due to the passing of air, even where the plungers have 
been said ‘ to be good working fits,’”’ have induced me to 
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MACHINE FOR TRANSMISSION OF POWER. 
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place aside the water plan of,packing, which, as “‘ D. H.”’ 
says, is not new, and substitute steam in its stead. In 
order to do this I provide the stuffing-box (whenever prac- 
ticable) with a kind of ‘‘ lantern’”’ chamber which communi- 
cates with the steam boiler by means ofa small tube, and 
is thereby constantly charged with steam. The pressure of 
steam within this chamber being greatly in excess of the at- 
mosphere precludes all possibility of air entering the pump 
through the stuffing-box, and what steam leaks through is 
condensed, thereby improving rather than impairing the 
efficiency of the pump. It will be needless for me to say 
that by adopting this principle (which is identical to that 
employed for steam cylinder stuffing-boxes, and therefore 
new only in application) no difficulty would be experienced 
in maintaining a good vacuum with a pump that was 
hitherto defective. 

Trusting these remarks may be of sufficient value to 
merit space in your next issue, 

I remain, Sir, yours obediently, 
Vacuum. 
2, Wincott-street, Kennington-road, 8.E., Nov. 26, 1879. 
HARDENING OF STEEL. 
To THe Epiror oF ENGINEERING. 

Srz,—I am sorry not to see more correspondence resulting 
from the letter of Mr. Nasmyth, and beg to submit the 
following as a slight contribution *o the solution of the 
problem : 

1. Steel is a combination of iron and carbon. 

2. The presence of carbon in the iron increases its bulk. 

8. When a piece of steel is expanded by being heated to 
redness it parts with a small portion of its carbon, and 
when plunged into oil, water, or mercury, a double con- 
traction occurs, first by the abstraction of the carbon, and, 
second, by the chilling of the steel, then owing to the 
elasticity and resilience of the metal a rearrangement of the 
structure of the metal into finer crystals occurs, and there 
is increased ae | and hardness beyond that which would 
happen simply with slow cooling. 

A modified effect would be obtained by a variation of the 
circumstances, from extreme hardness with a high tempera- 
ture and cooling in mercury, to a slight hardening by slow 
heating with a coating of carbonaceous material and cooling 
in oil or grease. 





I may add that : 

a. Pure iron without carbon will not harden, nor will it 
shrink by heating and cooling. Overheated steel ont of 
which the carbon has been burnt will not harden. The 
steel which contains most carbon when most quickly chilled 
will be the hardest, other things being the same. 

b. Steel is hardest when heated to a high, that is to a 
temperature favourable to the escape of the greatest 
quantity of carbon (within a certain limit, beyond which it 
would be deficient in carbon when cold) and by rapid 
chilling, there is then most resilience. 

ec. The principal contraction in any piece of metal is in 
the direction of the longest axis, there may even be ex- 
pansion laterally, caused by the resilient action. 

Yours truly, 
W. I. Exxis. 
Ward’s-buildings, Deansgate, Manchester, Nov. 25, 1879, 





To THE EpIToR OF ENGINEERING. 

Srr,—Permit me to direct the attention of your corre- 
spondents on the above-named subject to the translation of 
a French treatise ‘‘On the Uses of Steel,” by Mr. J. 
Barba, based on many experiments. A translation ap- 
peared in the twentieth volume of ENGINEERING (1875), 
and it contains much information on the subject. 

The reason why steel hardens is considered there to be, 
besides a molecular strain created by the cooling at different 
times on the outer and inner parts of the steel, the follow- 
ing: ‘‘Heat produces in the iron the solution of the 
carbon, and the dissemination of the portion mixed with 
the metal and probably of other foreign matters. ‘The 
compression which follows the tempering increases this 
dissemination.”’ é 

This compression, as previously stated inthe article, is 
the consequence of the contraction by cooling of the outer 
skin of the steel. Unhappily these things are stated as 
laws and facts without explaining, for instance, why iron 
or steel dissolves carbon when heated, or heated and com- 
pressed, and why steel is hard when it has much carbon in 
solution. Probably the committee of which Mr. Paget 
speaks will give sufficient explanation of such facts. 


I am, Sir, yours ally, 
- REINHOLD. 
Rotterdam, November 25, 1879. 
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THE PULSOMETER AS A BALLAST AND CIRCULATING PUMP. 


CONSTRUCTED BY THE PULSOMETER ENGINEERING CO., LIMITED, ENGINEERS, LONDON. 
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CHANDLER'S COUPLING FOR RAILWAY WAGONS. 
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Not we use 


WE annex an illustration of a new form of coupling 
for railway wagons, designed by Mr. N. Chandler, of 
Cannock Chase Foundry, Hednesford. The object of this 
arrangement is to avoid the necessity of passing between 
the wagons for coupling and uncoupling, and so to 
prevent a serious source of danger to the railway servants. 
The coupling consists of two parts, connected by a pin 
or rivet, and attached to any drawhook in the ordinary 














way. The swing-link, which is shown on the left-hand 
side of Fig. 2, has attached to it two small chains, 
which pass upwards over small pulleys fastened to the 
frame of the vehicle. These chains are led off to the 
ides of the carriage or wagon, and terminate in small 
weights, which hang at a convenient height from the 
ground and clear of the wheels. The coupling links are 
made wide enough to pass freely over the hooks, and to 


ee 


Ue \\ 
} 





PIPE 


=— ae 


- STEAM 














E 


Hut ‘ 





allow of coupling and uncoupling on sharp curves. To 
employ this device, it is only necessary to pull the forward 
hand weight, until the link is in almost a vertical posi- 
tion, and then by pulling the rear weight, the link is 
thrown over the hook of the adjacent vehicle. In un- 
coupling, this action is reversed ; it is necessary, how- 
ever, that the vehicles should be previously brought 
together, to give sufficient slack to the link. We may 
add that this system is experimentally in use on the 
Great Western and Caledonian Railways. 








THE PULSOMETER. 

WE illustrate above another of the many applications 
which kave been successfully found for the pulsometer, 
since it has been introduced in this country by the Pul- 
someter Engineering Company. Our illustration repre- 
sents it applied as a ballast, bilge, and circulating pump 
on board ship. The whole arrangement will be under- 
stood from the engraving, where it will be seen that the 
various fore and after ballast tanks are connected by 
pipes to two valve boxes near the pulsometer. The sea 
inlet pipe has also communication with these boxes, 
A separate box is in connexion with the bilges. All the 
different pipes are provided with stop valves as shown, 
to control the movement of the water ballast, &c. The 
sea outlet pipe is placed somewhat above the level of the 
pulsometer, and a branch from it leads up to the deck to 
deliver water for washing purposes or in case of fire ; a se- 
parate branch also leads to the condenser if it be desired 
to use this arrangement asacirculating pump, The capa- 
city of the pulsometers made for this purpose varies from 
3800 to 65,000 gallons per hour, and a large number of 
ships have been already fitted. The experience obtained 
from their application appears to be in every way satis- 
factory. 





RUSSIAN CRUISER “ ZABIACA.” 

WE give on page 416 an engraving of the Russian cruiser 
Zabiaca, built by Messrs, W. Cramp and Sons, at Philadel- 
phia, as she lies on blocks in the timber dry dock at Messrs. 
Cramp’s establishment. The Zabiaca was, we believe, 
contracted for in 1878, and was tried under steam during 
March and April of the present year with the utmost 
success. She was designed for high speeds on a com- 
paratively light draught of water. 

Her dimensions are: Length on the water line 220 ft., 
beam 30 ft., depth moulded 17 ft. 6 in., and mean draught 
of water 13 ft. 7 in., displacement 1200 tons, maximum in- 
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structive for a time among our merchant navy, for owing 
to the thousands of vessels composing our mercantile 
marine there would be abundant opportunities for 
plunder. Of course sooner or later we should sweep 
them from the seas, but in all probability not before they 
had created much loss of property and public alarm, 
unless, that is, we add very considerably to the numbers 
of fast cruisers in our own Navy, or avail ourselves very 
fully of the fast vessels of our own mercantile marine, 








ITALIAN EXPRESS LOCOMOTIVE. 

We give this week a two-page engraving, together 
with other views on pages 420 and 421, of an express 
locomotive for the Alta Italia Railway, the engine having 
been constructed by the Wiener Locomotiv-Fabriks Actien 
Gesellschaft, of Florisdorf, near Vienna, from drawings 
supplied by the officials of the Alta Italia Company. 
The engine was exhibited at Paris last year, and we 
spoke of it some months ago (vide page 22 of our last 
volume) when dealing with the exhibited locomotives. 
We need therefore do little mors here than give its 
chief dimensions, as the features of its construction are 
very clearly explained by the engravings we this week 
publish. The chief dimensions in English measures are 
as follows: 


ft. in. 
Cylinders: Diameter... ane 1 4.93 
Stroke ove eee eee 1 10 
Distance apart from centre to centre 6 3.6 
Wheels and Ales: 
Diameter of coupled wheels ... wo 8 11.6 
te track wheels... oid 3 1.75 
Distance apart of coupled wheels from 
centre to centre ove eee ove 7 65 





are of Styrian iron of the best quality from the Mariazell 
Works, while the firebox is of brass with copper ends and 
steel ferrules. The rivet holes in the boiler are drilled 
throughout. The crosshead guides, connecting and 
coupling rods, valve gear and eccentric straps are of 
Siemens-Martin steel, while the piston rods, crank and 
crosshead pins, and eccentrics are of crucible steel. The 
guides for the driving axle-boxes are of cast steel and 
those for the other axle-boxes of cast iron. The pistons 
are of wrought iron made in two pieces and welded to- 
gether. The firebars are of wrought iron and are made 
in four lengths as shown. They are thin and close, so as 
to adapt the engine for burning small fuel. 

The valve gear, which is outside, is of the Gooch type, 
and is fitted with screw reversing gear. The boiler is 
fed by a couple of Friedmann injectors, but the locomo- 
tive of the type illustrated, which was exhibited at Paris 
last year was fitted, for the purposes of exhibition, with 
adonkey pump on M. Chiazzari’s system, and a Mazza 
injector for working with hot feed. The latter apparatus 
was illustrated by us on page 24 of our last volume. The 
workmanship of the engine exhibited was excellent. 








OUTLETS FROM STORAGE RESERVOIRS, 

Art the second meeting of the session of the Institution of 
Civil Engineers, held on the 18th of November, Mr. W. H. 
Barlow, F.R.S., vice-president, in the chair, the paper read 
was on ‘‘ Tunnel Outlets from Storage Reservoirs,’’ by Mr. 
C. J. Wood, M. Inst. C.E. 

The subject was divided into the consideration of cul- 
verts in a direct line through an embankment, and tunnels 
— the — = —— —~ 1" a distinct — — 
author stated t e practice ying pipes ugh an 
embankment, governed by valves at the foot of the outer 
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“ ” slope, was reprehensible, and had been abandoned for a 
Resvutts or TRIALS oF THE RusstAN CRUISER “ ZABIACA. culvert of masonry or brickwork, in which the supply pipes 
were laid. This method was not satisfactory, first, because 
ae 4 @ 4 3 | ; ed of the settlement of the earthwork ; and, secondly, because 
> 3 3g S 38 z we FH 8 of the subsidence of the puddle, both of which were likely 
. S 5 nm. Lead = =| * Sy 8 Screw. m2, | 4 to damage the culvert, and create leakage. In crossing 
., Date of | Duration = _ |e 2 = EZ = 2 the puddle trench, a stone or brickwork pillar had some- 
| Teal | etre) os | Os gles] 8 aa | Fi 2 times been used to remedy this difficulty with partial suc- 
5 | es iY SE lg = $B| & gh 5 © cess, and in other cases, a “‘ slip joint”’ had been made of 
e| eS | sg | © Seq |5 8:58) S | Diameter.| Pitch. 38 b = the portion of the culvert crossing the trench, to allow a 
“A <a" | 4 < oa = wo... mH slight vertical movement. In consequence, however, of the 
- wean a tt ft. Ib ——e ye of = yn gen the oe of the 
- = &. - ‘ . em ment, movement might no vertical. 
March 6/4 0 0} 85 15 1140 Ly A... - 4 iat | advantages of a culvert through the embankment were speed, 
| » 20/18 0 0 80 13.8 1145 , = " | : economy, and the building of the culvert in daylight ; these 
— were 8) — oy af . oa a 
7 . . . iw ‘ap Fy ick which gave itional security. e study of culverts 
Four continuous Trials at Full Speed for Pia Howst cance 19.08 knots. ype Henlopen Light and Fenwick Island dle ah welbsser cetendananth was enaateied, ona the 
; author believed it best to leave the bank, if possible, intact, 
< : by an alternative method—that of driving a tunnel round 
$e 3 ae 33 ; ; | 3 EI s or under the end of the embankment in the solid rock as a 
3 Fa 4s 3 8 2 | Sesew 4 § a separate work, the tunnel to be lined with stone, brick, or 
| Date of | Duration B a. = wae) g | ; a : 2 E cast-iron segments backed with concrete. The objections 
«| Trial of Trial. z2 } o © am | g | es © 3 to this plan were stated to consist in the work having to be 
, ‘ #8 fa ie Sic g/g | Eg 2 = done in comparative darkness, in the possible displacement 
B Eg 33 El ees e Bris : I o 2 of the natural strata of the ground, producing a creep of 
A 47 SA | 4c /¢ ad a Diameter.| Pitch. sa aig water outside the tunnel, and in the difficulty of backing 
al ne } the crown of the arch satisfactorily. The expense was in 
h. m. si ft. ft. lb. | favour of the culvert pe | through the embankment ; 
1. April 28...| 1 22 50| 89.9 14.22 1445 2.35 /|1230 12 17.5 14.5 81 | Against. the tunnel, though more costly, was safer, as it was not in 
2. “| 1 21 10) 916 | 1452 | 1468 | 2.35 [1230 12 17.5 14.5 80} |With. | the most dangerous place. The draw-off valves, placed in 
3. . 1 22 2 91.5 14.37 1461 2.35 (1225 12 17.5 14.5 sit |Against. | earlier examples at the foot of the —— oe ery = 
: = 9 5} 99 5 28 299 § j 5 ith. vented necessary repairs, were now frequently at the 
ad = 7s "| = ae) _. - - aes “4 ”" | ' bottom of a valve-pit built on the inside of the puddle 
trench in agence = gee valve-pits — — 
dicated horse power 1484, coal supply 300 tons, and maxi- ft. in. to get out of the perpendicular, and to prevent the valve- 
mum speed at load draught 14 ion and at light draught Distance apart of truck wheels from rods working ; also the water went half way through the 
with 832 tons displacement ist knots. The following par- centre tocentre 0. 0 - 6 6.74 bank in the inner culvert. The draw-off valve was some- 
pea > bicak teen ter eueeeme ef Game Total wheel base od e2 .. 2 O28 times placed at the foot of the inner slope ; it had a sloping 
petrepetadhe ~ ‘ - wig Diameter of bearings of coupled axles 0 7.28 face, and was worked by rods up the inside slope. 
parison. The proportion which the weight of bull bears Length 0 9.84 drawbacks were that stones were apt to settle, that there 
to the displacement is 41 per cent., the rig armament and Boiler: ad 9 was great thrust on the valve-rods, that there was a want 
stores are 13 per cent. of the displacement, the engines, Mean diameter of barrel inside aN 4 1.5 of access to the valve in case of accident, and that the least 
boilers, and water 21 per cent., and the coals 25 per cent. Length of firebox, inside, at bottom 7 1.25 cleanly water was drawn off. A culvert terminating in a 
of the displacement. Width ® os 8 3.25 valve tower of masonry or iron was the best plan, the 
The engines are of the inverted direct-acting vertical Height of firebox crown above grate valves being in duplicate, one set inside, the other outside, 
compound type, the cylinders being 34 in. and 59 in. in at front end ... eee ae = 5 1 the tower. The author advocated the tunnel clear of the 
diameter and 36 in. stroke. There are two double-ended meee of feeben crown above grate as ea og and valve toweras the best and safest, if more 
ile in di i , at end ... ie ne ine 75 ’ . 
a pS A pone: phn on Number of tubes oes set Some remarks followed on the works for the supply of 
The c sade oH g ¥- ak — Length * between tube plates 11 5.75 water to Bradford, Yorkshire, which was obtained from 
e consumption of coals at a speed e . Diameter of tubes, outside... .. 0 1.97 three districts. A high-level supply was taken from the 
9 tons a day, and: ‘at: 13¢ knots it is 22 tons per in aie | ae hills above Oxenhope ; an intermediate supply from Many- 
day. The coal supply;is sufficient to steam 8100 miles Pitch of tubes... 7 0 2.56 well Springs, and a low-level supply from Skipton district. 
at 10 knots an hour,-and for fourteen days’ steaming at sq. ft. The high-level reservoirs afforded instances of tunnel out- 
13} knots The half power speed with one boiler and Heating surface: Firebox... = 98 lets. The Stubden reservoir had been a cause of anxiety, 
522 indicated horse power averaged 10} knots for ten Tubes (external) ... 1059 the original culvert of masonry proving leaky. It had been 
hours. We give above Tables containing further parti- — abandoned in favour of a tunnel lined with cast-iron plates 
culars of the steam trials. Total 4 1157 nee bee Py ty Fa manque - ape — 
The vessel is barquentine rigged, and has a battery of Grate area a ee 22.6 a ee eee ee 
cast steel breechloading guns, her of 4-in. and 13. of Sectional area through tubes disre- canal Ay ww “< = a Dee wn = pe 
6-in. calibre. An Amerjcan contemporary writing of garding ferrules =... sve 3.09 ae Oe SOEs Te Sey Cnasy Dees Pans Spe Se om 
he Zabiace Mis Li 7 ? a ep prey ; g . Sectional area of chimney... “8 1.95 bankment was then made up solid in thin layers, the new 
oe eries: (Mischie s says, | NO war cruiser of equally Ratio of firegrate area to total heat- tunnel being used to run water off during the reconstruc- 
ght draught. has,ever maintained a speed of over ing surface pw 1:51.2 tion ofthe work. No leakage of any description had since 
15 knots per hour, for three consecutive hours, under Ratio of sectional area through tabes been noticed, the valve tower and tunnel being watertight. 
such difficulties as were successfully encountered by the to firegrate area... nate by 1: 7.3 The Leeming compensation reservoir for millowners had 
Zabiaca, On one trial she was obliged to steer through Ratio of sectional area through been originally made with a circular culvert having a slip 
masses of drifting ice, and, on subsequent trials, a serious chimney to firegrate area ... » a ll: 16 joint and iron shield where it crossed the puddle a. 
obstruction of gill nets, which could not be removed. Ratio of firebox surface to tube sur- gle ge was seriously fractured by the => 
This was effected without a single stop or a warm journal, ee ee eee 1:10.8 — Mond pve Memes wate | —_ f 2 0 oe Se ng bagi 
eh ama on a oe of 1.6 1b. per indicated weante® pressure =— «+ +» 147 1b. per sq, in. estion of Mr. Rontineen, os. M. —_ Nag 2 ¢ — 
4 : P , + ooh : innie, on the latter taking charge of the Bradford Cor- 
There of tt a — vain paw ° ma raped pe : cee ba: Westaway py order pr —- Water bey the old culvert my epee 
cruisers of this type would during war be extremely de- se ial ; * and a new tunnel was substituted, similar the one a 
As regards materials the boiler shell and the frames Stubden. The original culvert was afterwards filled on the 


inside with concrete, and the reservoir was successfully, 
filled with water, no léakage or disturbance having occurred 
up to the present time. ; 
In the case of the Leeshaw reservoir, which was in 
course of construction, on Mr. Rawlinson’s inspection it was 
resolved to abandon the culvert already cracked, and to 
substitute a tunnel outlet and valve tower of cast iron, 
similar to those at Leeming and Stubden ; this had been 
successfully done, the reservoir filled, and the work had since 
proved most satisfactory. In two of the above cases the 
culverts were so damaged as to be a strong argument in 
favour of tunnel outlets distinct from the embankment. 
The remainder of the paper explained the form and con- 
struction of the type of cast-iron tunnel outlet and valve 
tower used in these works. ‘The tunnels were mostly driven 
through Yorkshire grit and shale; they were 8 ft. 6 in. 
high, 7 ft. wide, and each tunnel had a fall of 1 ft. in 
its length. Thetunnel commenced at the bottom of the 
shaft, 13 ft. or 14 ft. deep inside the reservoirs, in which the 
lower part of the valve tower, cased with concrete, was 
afterwards built. The valve tower was composed of cast- 
iron rings with socket joints, caulked with iron borings 
and salammoniac ; on the top of the valve tower, at the level 
of the top of the embankment, a house was built to protect 
the valves, and the tower was connected with the mainland 
by alight wrought-iron Warren-girder bridge on stone piers. 
The tunnel starting from the bottom of the valve tower 
was elliptical in form, made in rings, each ring being com- 
posed of four segments bolted together and surrounded 
by concrete; it extended in a Veleoe under one end 
of the embankment, and was a distinct work ; at the angle 
of the tunnel an air shaft was sunk, which was subse- 
quently lined with cast-iron rings, and formed a ventilating 
pipe. The supply pipes, 2 ft. in diameter, extended through 
the tunnel, and were jointed at the tower to a vertical 
stand pipe, at equal intervals on which branches were cast 
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and sluice valves fixed. Connexions to the ag extended 
from the sluice valves through the sides of the tower, and 
were further protected on the outside by flap valves. 
vision was also made for equalising the pressure on the flap 
valves and for the expulsion of air when opening one of the 
flap valves. A wrought-iron ladder extended up the tower, 
and at intervals there were grated floors so asto afford 
access to the valves and working parts. The connexion of 
the bottom of the tower with the tunnel was made with 
a cast-iron gland, to the face of which a wrought-iron 
bulkhead was screwed, so as to make the valve tower water- 
tight ; the upper half of the bulkhead could be removed 
for entrance to that portion of the tunnel. These valve 
towers had proved successful wherever erected. Mr. 
Binnie was the engineer for carrying out the works, the 
author being the resident engineer. 








COST OF ELECTRIC LIGHTING, STANTON 
IRON WORKS. 
To THE EDITOR OF ENGINEERING. 

Str,—The memorandum of the cost of working the 
electric light in one of the foundries at Stanton Iron 
Works, published in your paper of last issue but one, 
is to the best of my belief, a true, accurate, and fair state- 
ment, and was extracted by me from the company’s books. 
As you are aware, you did not’ obtain your informa- 
tion directly from me; if you had done so, I should have 
added the extra information which would have satisfied 
Mr. Schénheyder. I now hasten to supply this omission. 

Steam for main and auxiliary engines at Stanton is 
supplied from a range of boilers heated by the waste gases 
from the blast furnaces, therefore in this case it would 
have been impossible to have made a charge for fuel or 
stoker’s wages. The only possibly fair addition that might 
be made to the figures as given, would be a very small pro- 
portion of the general charge for depreciation and mainte- 
nance of the boilers ; this however would be so small as to 
leave the figures 4.4 pence per lamp, per hour practically the 
same. Every engineer of works is best able to supply for 
himself the additional data required by Mr. Schénheyder ; 
each lamp takes about 2 horse power indicated, when giv- 
ing a light of 4000 candles, about 2} horse power when 
giving a light of 6000 candles, but the smaller light is 
found sufficient for the work. Roughly speaking, there- 
fore, I should think that from .7 to 1.2 pence per lamp per 
hour, according to size of works, efficiency of engine, price 
of coal, &c., would be sufficient to add for cost of fuel and 
stoker’s wages ; making the total cost 5.2 to 5.6 pence. 

It must be borne in mind that the great number of hours 
the light was in use, is the principal cause of its extreme 
low cost in this instance. I may add that the power of 
working the foundry night and day at such a small cost for 
artificial light, enabled the company to nearly double the 
out-turn of the pipe pits with but slight increase of the 
dead expenses. This fact will be appreciated at its full 
value by the owners of large undertakings of a similar 
nature. The company are now extending the use of their 
light to the whole of their foundries and engineering shops. 

Yours faithfully, 
THE ENGINEER TO THE COMPANY. 

Mansion House Buildings, London, E.C., Noy. 25, 1879. 








SHIPBUILDING AND THE BOARD OF 
TRADE. 
To THE EpIToR oF ENGINEERING. 

Sr1r,—As one interested in shipping, I have read with 
the greatest care your valuable article on ‘‘ Shipbuilders 
and the Board of Trade’’ which appeared in your issue of 
November 14, and I think we are all very much indebted 
to Messrs. Napier for taking the firm stand they did, as in 
the end it is the shipowner who suffers. As there will no 
doubt be more of this sort of interference, I hope we ship- 
owners will be more firm than the Pacific Company have 
been. I am aware how serious and trying a thing it is for 
a shipowner with a large fleet to fight the Board of Trade, 
but it has been done, as for instance, by Mr. John Burns 
in the case of the Bear, and by the Anchor Line, in the 
well-known case of the introduction of spring safety valves, 
and by others. Outsiders find it difficult to understand 
how shipowners can stand to one side, while engineers and 
shipbuilders fight against the unreasonable impositions of 
the Board, but they little know the absolute power the 
Board possesses, and the unceremonious way they wield it. 
Their power consists in refusing a declaration that the ship 
is “sufficient for the purpose intended, and in good con- 
dition,’’ preventing a passenger certificate being granted, 
and so stopping such a ship from sailing. 

Their policy is to avoid a decision in disputed cases, 
yielding the point perhaps at the time, but bringing it up 
next year, and subjecting the unfortunate shipowner to a 
continual system of worry. Since each of his ships is sur- 
veyed once a year at least, and the survey embraces the 
most multifarious details, there need be little difficulty in 
finding some excuse for giving trouble. Under this system 
the patience of the shipowner at last gives way, and most 
become, I am sorry to say, only too fod to lead a life of 

eace by doing anything however illegal or absurd the 
ard may insist on. Already in this very matter of brass 
elbows many shipowners have been driven at great expense 
into removing perfectly serviceable iron hi which have 
run and received certificates for years, and replacing them 
by brass. 

But the most puzzling thing is why should the officers of 
the Board of Trade take all this trouble, put us to all this 
expense, and expose themselves to worry and obloquyin order 
to do what, as you have shown in the case of the Pizarro, 
they must know is beyond their powers? The motive seems 
wanting. Certainly it cannot be to ‘‘ prevent unsafety’”’ in 
the interests of the public, and I fail to see that any one 
but the brassfounder is benefited by this wholesale sub- 
stitution of brass for iron. 


Pro- | of their experience with the Board 





The caseis so mysterious that I hope some of our fellow 
sufferers may give us the benefit, —— our columns, 

1 of Gale, not on this 
point only, but on any other points which have come under 
their notice. 

In your otherwise admirable article, I observe one error 
into which you have fallen when you say, ‘‘ by the form of 
this certificate the surveyor has to declare that the rules 
laid down by the Board have been complied with.’”’ I am 
not astonished at this, as there is a great deal of mis- 
apprehension as to the force of these ‘‘rules.’”” When 
read carefully, it is evident that those who framed them 
were quite aware they were of no force, for they generally 
run thus, the surveyor should, or if so and so is done, no 
question need be raised. 

In fact, the form of certificate laid down in the Merchant 
Shipping Act of 1854, Part 1V., Clause 309, contains no 
mention of rules. It runs thus: ‘‘The owner of every 
passenger steamer shall cause the same to be surveyed, at 
the times hereinafter directed, by] one of the said ship- 
wright surveyors . . . , The declaration of the shipwright 
surveyor shall contain statements of the following parti- 

(that is to “— : 

**(1) That the hull of the ship is sufficient for the service 
intended, and in good condition. 

**(2) That the partitions, boats, life buoys, lights, 
signals, ‘compasses, aud shelter for deck passengers, and 
the certificates of the masters and mate or mates, are 
such and in such condition as required by this Act.” 

in fact, Clause (1) is the only one which applies to such 
structural details as are at present in question, and it is im- 
portant to note that the only authority is the surveyor, and 
the structural condition to be fulfilled is, very properly, 
that the hull of the ship is sufficient for the “‘ service in- 
tended.’’ I shonld like to known how Mr. James Wims- 
hurst comes to mix himself up in the case, as he is not the 
surveyor, but as you say, one of their consultative staff. 

Whatever purpose in the internal economy of the London 
Office of the Board of Trade these consultative gentlemen 
may be intended to serve, they are entirely out of their 
province when they mix themselves up in questions the 
Act of Parliament remits to the surveyor and to hi 


alone. 
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To THE EDITOR OF ENGINEERING. 

Srr,—No one can read the last two numbers of your 
journal withont having the conviction forced upon him 
that, as at present managed, the Board of Trade hangs 
like a millstone about the neck of all improvement, and 
that, in so far as it refers to shipbuilding and engineering, 
it has degraded what ought to be a great protective agency 
into a whimsical institution devoted to the carrying out of 
somebody’s fads. 

If the Board of Trade is to carry out worthily the ob- 
jects for which it exists, it should be strong and capable to 
detect and condemn in any new material or constructive 
elements of unsafety to the public, but it should also be 
quick to perceive when a restriction is no longer onaiera. 
It should be careful never to obstruct or interfere with the 
industries of the country except to avert a real danger, but 
content itself with devising means of safety for the sea- 
going public commensurate with the ever-increasing risks 
that are begotten of great size and increased speed of 
ocean-going steamers. 

A reference to the Board of Trade’s so-called require- 
ments as regards lifeboats, will show how they perform this 
service for the public. It will be seen in ‘‘ Instructions to 
Surveyors” that boats are required to be supplied in pro- 
portion to the size of the -~ provided that she is under 
1000 tons; beyond this the lives to be saved may be in- 
creased indefinitely, and the ship enlarged to any conceiy- 
able size, but the requirements as to number and size o 
boats remain the same as for a vessel of 1000 tons. For- 
tunately for the public the owners of large passenger 
vessels, some of which are now building of 7000 tons or 
8000 tons—ships designed to carry men and women weg 
to people a village—do not share the same views as to the 
point at which the saving of life becomes of no considera- 
tion, and generally themselves provide sufficient accommo- 
dation. 

This and the experience of a much ill-used owner of steel 
vessels given in your last issue, together with the history 
of a dispute between Napier and Sons and the Board of 
Trade, regarding cast-iron elbows, if carefully looked at, 
prove sufficiently how this department has lost sight of the 
great objects for which it was originated, how intolerable 
this unnecessary meddling with the details of construction 
must be, and to what an extent the natural progress of the 
great industries of shipbuilding and engineering is actually 
hampered by what you characterise as ‘‘ grandmotherly 
legislation.”’ 

That the Board of Trade should look with suspicion for 
a time upon untried material like mild steel, that was osten- 
sibly introduced because of its sing ryt lightness, is 
wpe ie not to be wondered at, but that they should sud- 
denly take a fancy that an old material like cast iron (which 
if thick enough has never fuiled) is not safe for the storm 
bends in ships carrying thirteen or more passengers, while 
they readily admit it where the lives of only twelve pas- 
sengers, the captain, and a numerous crew are concerned, 
is to say the least curious. I think nothing can beat it for 
whimsicality and absurdity, except perhaps the require- 
ments as to lifeboats. 

If we admit that a large number of passengers have a 
better right to have their safety insured than a smaller 
number, will the substitution of cast brass doit? Is it 
not absurd to say that brass is better for the purpose than 
cast iron, without taking into consideration the quality and 
thickness of the respective metals. Any practical man knows 
that there are as many qualities of brass (depending prin- 
cipally on whether there is spelter in the mixture or not) 
as there are of cast iron; and, in conclusion, allow me to 


him | Cubic feet of gas each instead o 





say that when the Board of Trade shows itself so com- 
letely wedded to brass without rhyme or reason, and haggles 
or its pet material like any interested brassfounder, it 
degrades its high calling and brings ridicule on what might 
be made not only our great protective society, but the 
patient nurse of our industries. 
Tam, &e., 


Storm Cock. 








SCREW PROPELLER, 
To THE EpITor oF ENGINEERING. 

Srtr,—My attention has been directed to a slight error 
which escaped detection in m spaner read before the last 
meeting of the Institution of Mechanical Engineers, and 
which was repeated in your issue of last week. I now 
enclose the correction, which is as follows : 

** The ratio of efficiencies of the ordinary and the guide 
blade propeller is then : 

(6.3) x 17.2_ 43,000 

(5.9)*x218 44,777" 
having an increase of efficiency with the guide blade pro- 
peller of 4.1 per cent.”’ 

This paragraph should replace that at the bottom of the 
are and the top of the third column of page 405 of your 

issue. 





I remain yours —> 
R. C. Parsons. 
10, Connaught-place, London, Nov. 26, 1879. 








BIRMINGHAM CORPORATION GAS WORKS. 
AN anpentons contract has just been completed at the 
Birmingham Corporation Gas Works, Saltley, of which a 
short description may interest our readers. We allude to 
what is technically known as the ‘‘ telescoping”’ of two gas- 
holders there 187 ft. in diameter by 41 ft. deep. The opera- 
tion consists in doubling the capacity of the Litdeve, and in 
this instance has made them — of containing 2,200,000 
1,100,000 ft. as before, the 

— space gained therefore is equal to 2,200,000 cubic 

ect. 

In some cases holders are designed at first with all neces- 
sary facilities for future ‘‘telescoping,’’ but inasmuch as 
those in question were originally intended to remain single 
gasholders the difficulty and expense of adapting them to 
the increased capacity were much greater. The existing 
sides of the gasholders had to be cut clear away from the 
top framing, and in each case the weight of the latter, about 
250 tons, carried on scaffolding 42 ft. high from bottom of 
tank, in which the gasholder works. ‘I'he sides so cut 
away have been converted into the outer vessels and new 
sides had to be constructed in the tank to form the inner 
vessel to which the top had again to be connected. The 
columns had also to be increased in height some 40 ft., and 
stiffened laterally by the use of two circles of girders with 
diagonal rods of the required dimensions. 

The contract altogether has been one of great risk and 
magnitude, such as perhaps has never been executed before 
in this class of work; it has, however, been well and 
successfully carried out without accidents or injury to any 
of the workmen by Messrs. Ashmore and While, of 
Stockton-on-Tees, in accordance with the design, and 
under the superintendence of Mr. Henry Hack, the gas 
engineer to the Corporation. 

th contractors and engineer may justly feel proud of 
having brought such a work to a successful issue, and the 
Corporation of having thereby the use of two of the finest 
gasholders in the kingdom. 

During the ensuing winter the advantage insured by the 


f | additional storage capacity through this enlargement 


cannot fail to be appreciated. In conclusion, we may 
mention the entire cost of the alterations, including repairs 
to the tank, has been a little over 14,0001., being only 
70001. per million extra storage gained, whereas a new tank 
and holder of a similar capacity would cost about 17,0001. 
per million storage capacity. We understand that the 
same contractors have received from the South Metropolitan 
Gas Company an order for a gasholder to contain 5,000,000 
pre ar this being, we believe, the largest gasholder yet 
cons i 





Tue Yacut *‘ WANDERER,’’—We are informed that an 
order for new engines and boilers for this magnificent 
yacht, the largest in the world, we believe, belonging to a 
private owner, has been given to Messrs. Day, Summers, 
and Company, of Northam Iron Works, Southampton. 
The new machinery will consist of a pair of compound 
engines of 100 horse power nominal, with steel boilers 
working at a pressure of 80 lb. per square inch, the specifi- 
cations for which have been drawn up by Mr. Harrington, 
of Gracechurch-street, the consulting engineer of the 
owner of the Wanderer, Mr. C. I. Lambert. 





A Successrut SrgraAmer.—An iron steamer is now 
running between Montreal and Quebec that has not been 
in dry dock for eighteen years, and during that time has 
never bad her bottom examined. The steamer is a model 
of her kind, and capable of making 18 miles an hour. The 
boat is called the Montreal, and is 260 ft. long, 32 ft. beam 
of hull, about 60 ft. on deck, and draws abont 7 ft. of 
water. She has a beam condensing Corliss engine, with 
cylinders 60 in. in diameter and 8 ft. stroke, with feather- 
ing wheels, and was built in Montreal by Bartley and 
Gilbert, from drawings made by W. Inglis. In the upper 
cabin there are 112 state rooms, in two tiers one above the 
other. The cabin is so high that it reaches above and 
entirely encloses the walking beam. During the eighteon 

ears above mentioned the steamer struck bottom once, 
Pat the spot was sandy and no injury resulted. 
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THE ELECTRICAL TRANSMISSION OF 
MOTIVE POWER. 

THE transmission of motive power to a distance 
is a subject which has for many years occupied the 
minds of mechanicians, and until very recent times 
with only very barren results. Yet this question is 
one of the greatest commercial importance, for a 
system which can, with any pretence to economy, 
transmit mechanical energy from one spot where 
there is an abundance of power with but little or 
no work whereby it may be utilised to another 
place where there is plenty of work but no power 
to drive it, would create a mechanical revolution in 
many countries, and would give to certain parts of 
the earth new manufacturing industries by which 
their internal resources might be developed to an 
extent hitherto altogether undreamt of. 

We need not dwell here upon well-known systems 
for the transmission of power which are obviously 
specially applicable to comparatively short distances 
within a building or factory, such, for instance, as 
steam or air under pressure conveyed froma boiler or 
compreesor by means of hollow conductors or pipes to 
steam or air engines, nor to the transmission of power 
by means either of water pressure conveyed in a 
similar manuer, or by mechanical connexions such as 
ranning belts and shafting, although quick running 
ropes have been used on the Continent for the 
conveyance of power through considerable distances 
from one part of a town to another, while hydraulic 
transmission has, as is well known, had most ex- 
tensive pevetien. All these systems have inherent 
drawbacks to their practical extension, beyond 
what, from our present point of view, we must 
term comparatively narrow limits. From the 
moment, however, when CErsted in the year 1819 


made his brilliant discovery of the connexion be- 
tween magnetism and electricity, which was so 
splendidly Ee rs by the researches of ‘0 
and Ampére, and a few years later by those of 
Faraday, and when it became qeannlly known 
that the transmission of a voltaic current through 
an insulated wire wound helically around a bar of 
soft iron converted that bar into a magnet, and that 
on the cessation or interruption of that voltaic cur- 
rent the iron was restored to its normal or un- 
magnetised condition, a vista was opened for in- 
ventors into an altogether new and fertile field 
for discovery. For many years the opinion held 
its ground that electricity was on the eve of sup- 
planting all other natural forces not only for 
motive power, but for many possible and impossible 
things besides, and the records of the patent offices 
of the various capitals of Europe and America prove 
that they were inundated with inventions for the 
conversion of electricity into motive power 
for driving factories and mills, drawing along 
carriages and railway trains, propelling ships 
at impossible and incredible speeds, and doing any- 
thing and everything that steam, and water, and 
animal power and all combined had ever done before. 
Notwithstanding this the old forms of mechanical 
power held their own, forithad been lostsight of, with 
that comforting one-sidedness which is the charac- 
teristic of so many enthusiasts and inventors, that 
until the consumption of the materials in the battery 
by which the electricity was generated, could fa- 
vourably compare in economy with that of coal in 
the steam boiler to produce the same mechanical 
results, there could be no sort of commercial field 
for electrical motors. In the midst of all this came 
the discovery and subsequent development of mag- 
neto-electricity which has culminated in the modern 
dynamo-electric machines to which so much atten- 
tion has been called during the last two years b 
the progress of the electric light, but, as all suc 
apparatus requires motive power to drive, it ob- 
viously cannot take the place of the older forms of 
motors, in cases where the power is near the 
work, for it is clearly more economical to drive 
machinery direct from the original source of power 
than through the intervention of a series of conver- 
sions and reconversions into other forms of force ; 
and, even within distances comprised within a single 
building or factory, it has up to the present time 
been only in very special cases that electrical trans- 
mission can compare in economy with that of belts 
and shafting. 

When, however, the distance of the work to be 
done is at a greater distance from the available 
source of energy than that through which mechani- 
cal power can be advantageously transmitted by me- 
chanical means, then the value of electrical trans- 
mission becomes apparent, and rapidly increases 
with the increase of distance by which other 
methods of transmission are rendered more and 
more impossible. It is a well-known fact that all 
dynamo-electric generators are perfectly reversible, 
that is to say, if the terminals of one machine be 
connected to those of a second machine in action, or 
with a voltaic battery, it becomes an electro- 
magnetic engine, and is driven round under the 
influence of the mutual action going on be- 
tween the current transmitted through its arma- 
ture and the magnetic field of its electro- 
magnets, and the direction of rotation of the second 
or driven machine (assuming that the two machines 
are similar in construction) is the reverse of that 
by which the current is produced. Upon this fact 
as a foundation is built the whole superstructure of 
the transmission of power to a distance by means of 
electricity. From the driving of a magnetic engine 
by a battery to driving it by the current from a 
magneto or dynamo-electric machine was a step too 
obvious for any one to claim it as an invention, but 
we believe it is a fact that the first public exhibition 
of the transmission of mechanical power from one 
dynamo-electric machine to another through a 
length of conducting cable was in the year 1873 at 
the Vienna Exhibition, forming one of the objects 
of interest exhibited by the Société Gramme, and the 
public had an opportunity of seeing a Dumont 
centrifugal pump lifting water, which pump was 
kept in rotation by a Gramme machine, which was 
in its turn driven by the current from a second 
Gramme machine, to which it was connected by 
wires nearly three-quarters of a mile long; and we 
ourselves saw in August of the following year the 
whole of the lathes, tools, and other machinery in 
M. Gramme’s factory in Paris driven by connecting 





one of his small lighting machines by means of a 


belt to the shafting, from which the steam engine was 
disconnected, which machine acting as a magnetic 
engine was driven at a speed of 815 revolutions per 
minute by a derived circuit from one of his large 
machines, which was producing at the same time on 
a second circuit a light of 2400 candles ; thus, dur- 
ing this experiment, the machinery of the workshop 
was both driven and illuminated by electric cur- 
rents generated by the same machine. At the 
Philadelphia Exhibition, and also at the Loan 
Collection of Scientific Apparatus in London, both 
of which were held in the year 1876, experimental 
illustrations were also given of the driving of one 
Gramme machine by the current produced by 
another. 

During part of this time, however, a highly 
interesting and instructive series of experiments 
were being conducted by Messrs. Siemens Brothers, 
the results of which are to a considerable extent 
recorded in the very able paper on dynamo-electric 
apparatus read before the Institution of Civil Engi- 
neers in January, 1878, by Dr. Higgs and Mr. 
Brittle,* but the vast commercial importance of the 
whole question of the electrical transmission of 
power was pointed out, some ten months previous 
to the reading of that paper, by Dr. Siemens in an 
essay which has since become historical, and which 
formed his presidential address to the Iron and Steel 
Institute, at their meeting which was held in London 
in the spring of the year 1877.t In speaking of the 
possible exhaustion of the coalfields of the world at 
some remote period of its history Dr. Siemens called 
attention to other great forces of nature which 
might when the time came take the place of coal, 
and, in many places, supplement it even now. He 
reminded his hearers of the vast stores of potential 
energy running to waste in every part of the world 
in the unutilised power of its waterfalls, and drew 
attention to the fact that one of the falls of Niagara 
by itself represented a force of nearly 17,000,000 
horse power, which, produced by steam engines 
consuming 4 lb. of coal per horse power per hour, 
would involve an aggregate consumption of nearly 
270,000,000 tons of coal per annum, and Dr, 
Siemens showed that by means of suitably arranged 
turbines and other hydraulic machinery, a large 
amount of this power might be utilised for the 
driving of powerful dynamo-electric machines which, 
by transmitting electric currents through metallic 
conductors to other and similar machines which would 
act as electro-magnetic engines, motive power might 
be conveyed through distances of many miles to 
work at a number of map| stations machin 
employed in the industries of their several districts ; 
a he estimated at that time that a copper wire or 
rod 3 in. in diameter would be capable of conveying 
1000 horse power over a distance of 30 miles ; or 
if the currents were utilised for the production 
of the electric light, a moderately sized town 
might be illuminated at the same distance from the 
original source of power. 

here is in connexion with the transmission of 
power electrically by the driving of one dynamo-_ 
electric machine by the current from another, one 
very interesting and all-important fact which is in- 
separable from, because it forms part of, the 
principle of its action. We have seen that if a con- 
tinuous current of electricity, from whatever external 
source, be transmitted through the coils of a dynamo- 
electric machine, the latter is caused to revolve in 
what may be called its reversed direction, and as the 
rotation of the armature of such a machine within 
the magnetic field of its electro-magnets produces 
a electric current, whose direction is determined by 
the direction of rotation of its armature with respect 
to the polarity of its magnets, it follows that the 
second machine in being driven generates a current 
of its own which is opposite in direction to the 
original current by which it is itself driven, and as 
the currents from both machines {are generated in 
the same circuit it follows that the original current 
is reduced by an amount which is the difference of 
the strengths of the respective currents for the two 
machines. When the second machine is at rest the 
current from the driving machine is at its maximum, 
no back or opposing current being generated, but 
at the same time no mechanical power is transmitted, 
and it is found by experiment, as a little considera- 
tion of the problem would lead one to predict, that 
the maximum work is obtained from the second ma- 
chine when its current has reduced the current from 
the first machine to one-half of its original strength, 
and thus with two equal machines connected together 








* Proc. Inst. C.E., vol. lii., page 36. 
+ See ENGINEERING, vol, xxili-, page 233, 
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for the transmission of power about one-half of the 
work put into the first machine is reclaimable from 
the second. ‘ 
As by Ohm’s law, the strength of an electric 
current varies directly with the electro-motive force 
of its generator, and inversely with the electrical 
resistance of the conductor through which it is 
transmitted, it follows that with a constant electro- 
motive force (which in dynamo-electric machines is 
obtained when the speed of rotation is uniform) the 


strength of the current depends exclusively upon | p 


the resistance of the circuit which, other things 
being equal, is inversely proportional to the area of 
its cross section (which in round conductors is equal 
to the square of its diameter), and is directly pro- 
portional to its length. From these considerations, 
taken in connexion with the fact that the greatest 
efficiency from a dynamo-electric machine is obtained 
when the external resistance of the circuit does not 
exceed the internal resistance of the machine, it 
follows that if a machine be transmitting power to a 
second machine through a certain distance, and it be 
desired to double that distance, a conductor would 
have to be employed of double the length, 
which would have twice the resistance ; and in order 
to reduce the resistance of the circuit to what it 
was before, so as to balance that of the machine, a 
second conductor would have to be employed, or 
else a single wire of double the sectional area of the 
first, and this would multiply its weight, and there- 
fore its cost four times, which would appear at first 
sight to be prohibitive of the extension of trans- 
mission circuits to great distances, seeing that the 
cost and the weight of the conductor for each cir- 
cuit increases as the square of the distance trans- 
mitted ; but Dr. Siemens was the first to point out 
a redeeming qualification, which is probably the 
most important, as it is at first sight the most 
startling, feature in connexion with this most in- 
teresting subject, viz., that as at the double distance 
with the double conductor there is twice the area to 
be dealt with, a second generator can be set to work, 
and two machines instead of one can be driven at 
the double distance; and he showed from that 
‘*that it was no dearer to transmit electro-motive 
force to the greater than to the smaller distance, as 
regarded weight and cost of conductor, a result,” he 
added, ‘‘ which seemed startling, but which he never- 
theless ventured to put forward with considerable 
confidence,” 

Passing from theoretical considerations to practical 
applications, we may remind our readers that at the 
conversazione given at South Kensington by the 
Institution of Civil Engineers* and by the Society 
of Telegraph Engineers} a pair of Siemens machines 
attached to a Brotherhood three-cylinder engine, such 
as was figured and described in these columns’a few 
weeks ago,} were driven by the current from one of 
the Siemens machines in the Albert Hall through a 
conducting cable over half a mile in length. One 
of the earliest practical applications of the electrical 
transmission of motive power to industrial purposes 
was made by M. Cadiat, who in the workshops of 
the Société du Val d’Osne, in Paris, drove a 
Gramme machine such as is employed for electro- 
plating purposes by the current from a distant 
electric lighting machine transmitted through two 
wires three millimetres in diameter, and nearly 
500 ft. long. In the following year MM, Chrétien 
et Félix established in connexion with a sugar factory 
at Sermaize an electrical hoisting apparatus or crane, 
by which beetroots were unloaded from vessels lying 
alongside the quay, situated more than 100 metres 
(328 ft.) from the factory from which the apparatus 
was driven, and by this apparatus, during one season 
alone, 400 tons of beetroot were discharged from 
boats arriving at the port of Sermaize. The success 
which attended this installation was so great that the 
inventors were induced to construct electrical imple- 
ments for agricultural purposes, to take the place of 
the steam-ploughing engines generally employed. 
The apparatus, which is very simple, consists of two 
electric hauling engines, similar in the hauling ap- 

tus to that usually employed in steam power, 
ut differing in the motive power, which is ob- 
tained by two Gramme machines, which can be 
coupled to or disconnected from the winding drum 
by throwing into or out of action frictional gear- 
ing, by which the revolving spindles of the two 
Gramme machines driven from a distant engine 
are connected to the drums below the apparatus, 
which by means of a wire rope draws backwards 
* See ENGINEERING, vol. xxvii., page 463. 
Ibid, page 524. 
See ENGINEERING, page 326 ante. 








and forwards the multiple balance plough, as in 
ordinary steam cultivation. In the installation at 
Sermaize, the motor machines were driven at a speed 
of 1600 revolutions per minute, and those on the 
hauling apparatus at 800 revolutions ; the advanc- 
ing speed of the plough was from 160 ft. to 265 ft. 
per minute, and by this apparatus an area of 215 
square feet was ploughed in the same time. 

By far the most important installation, however, of 
the application of the electrical transmission of motive 
ower for agricultural operations has recently been 
established upon the estate of M. Menier, whose 
world-wide reputation rests upon a three-fold basis 
from the fact that he is at once a very prominent 
member of an extreme party of the French Chamber 
of Deputies, the proprietor of the most important 
chocolate manufactories in the world, and an eminent 
electrician and electrical cable manufacturer. For 
some weeks past a series of important agricultural 
experiments have been carried on by M. Menier, by 
which the power of water, which is abundant on his 
Noisiel estate, has been applied to ploughing and 
other agricultural operations through the interven- 
tion of electricity, and we publish on page 412 of 
our present issue a drawing of the special form of 
Gramme dynamo-electric machine employed by him 
in their installation both for generating the electric 
currents in the first instance, and reconverting 
them into mechanical power at the distant station. 

This special form of apparatus consists, as is shown 
in the drawings, of a Gramme armature about 18 in. 
in diameter, and the same in depth, which is capable 
of revolving on a horizontal spindle within the 
magnetic field produced by eight flat electro-magnets 
arranged in pairs around the armature, each pair 
being united bya pole-piece common to both, and 
these four pole-pieces are fixed around the armature 
at equal angular distances apart, and following one 
another with alternating polarity, so that the poles 
presented to opposite ends of the same diameter of 
thering are (unlike the arrangement in the ordinary 
Gramme machine) of the same polarity, the alter- 
nating poles being separated by an angular dis- 
tance of 90 deg. instead of 180 deg. By this arrange- 
ment a very powerful magnetic field is maintained, 
and the impelling forces in the apparatus are more 
uniformly distributed around the shaft to be driven. 
As there are four poles there are of course four 
neutral points in the circuitof the armature, and, 
therefore, there are four distributing brushes, by 
which the currents transmitted by the machines at 
the distant station, after traversing the four pairs of 
magnets are conducted into the circuit of the arma- 
ture at the proper positions to insure their maxi- 
mum effect. 

With two hauling engines driven by four ma- 
chines of this description M. Menier proposes to per- 
form all the ploughing and other agricultural 
operations on his farm at Noisiel, of 3000 acres, and 
the currents by which they are worked will be trans- 
mitted by four similar machines driven by turbines 
which are already at the works. The power to 
be transmitted by the apparatus is about 36 horse 
power, i.c., 18 horse power per winding engine, and 
by means of a wire rope a Fowler plough with six 
shares is drawn backwards and forwards, ploughing 
six furrows at a time at a speed of nearly 200 ft. per 
minute, 

We understand that it is the intention of 
M. Menier to extend this electrical system of culti- 
vation to all the farms on his estate, one of which 
is situated at no less distance than three miles from 
the driving station, the motive power at which is 
derived from a waterfall on the Marne, which is at 
the present moment actually being used for driving 
eight machines by which the workshops of his 
chocolate factory are illuminated, 

We shall on a future occasion refer again to these 
interesting installations and shall describe more in 
detail some of the more important of the apparatus 
employed. 








METROPOLITAN WATER COMPANIES. 


In a previous article (vide p. 400 ante) we gave 
an analysis of some of the most important branches 
of the accounts for the year 1878-79, of the eight 
water companies supplying the metropolis. We 
propose now to draw more special attention to 
some of those items as bearing on the question of 
the purchase of the companies’ shares, rights, pro- 
perties, &c. 

Generally speaking the capital mostly consists of 
ordinary capital, capable of receiving a 
maximum dividend of 10 per cent. But beside this 





are debenture and preference stocks, perpetual de- 
bentures, loans, &c, The interest on these varies 
from four to five per cent. per annum. The bond 
debt of the New River Company is about 1,000,000/., 
or about a third of the entire capital, and on this 
only four per cent. per annum is paid. The West 
Middlesex Company had on March 31, 1879, no 
loans, but had authority to issue to the extent of 
200,0007. 

It appears to us therefore that the chief elements 
to be relied on in coming to some idea of the 
present value of the stock of each of these com- 
panies is to take the amount of ordinary share 
capital, and the amount available for dividends at 
the end of the last published half-year as certified 
by the official auditor. These amounts have been 
given in our previous article, but for the sake of 
convenience they are here placed in a tabular 
form. The last column gives the total authorised 
capital. 














Certified | Certified | Total 
Nameof Company.| Paid- ry Authorised 

up Capital. Dividend. Capital. 

£ £ £ 
Chelsea 615,600 | 46,922 | 1,268,750 
East London 1,624,710 | 72,910 | 2,020,000 
Grand Junction ... 990,055 38,284 1,250,000 
Kent eee 616,506 43,774 950,000 
Lambeth 1,108,038 35,744 1,559,500 
New River... ‘ 2,019,958 239,486 3,000,000 
Southwark and 

Vauxhall ... ae 863,300 37,807 2,000,000 
West Middlesex ... 998,631 110,448 1,355,066 
8,836,798 625,375 13,403,316 














Now the inspection of this Table very much 
modifies the prevalent idea as to the ‘ enormous 
cost” of the purchase of the eight companies. In 
round numbers the total share capital at the end of 
their last official year, as certified by the Govern- 
ment auditor, is, say, 9,000,000/., this being the 
sum on which the maximum dividend of 10 per cent. 
could be paid, while the total authorised capital is, 
say, 13,500,000/. Hence there is a difference 
between the authorised total capital (stock, loan, 
debenture, &c.) of 4,500,000/, deducting the 
9,000,0002. of ordinary share capital. This differ- 
ence is made up of loans, debentures, &c., paying 
from 4 per cent. upwards, amounting to about 
3,600,000/., and of unissued capital 940,000/. 

It is evident, therefore, that on these figures future 
calculations for the purchase of the companies may 
be based. But there is a very important element 
yet unnoticed, that is, the market price of the shares 
at the date of purchase. Mr. Cross, speaking on 
behalf of the Government last session, stated that 
he should take the status of the companies, in regard 
to this point, as on the basis of June 30, 1878. 
This is a subject which we cannot enter into, but 
as a guide to our readers, it may be stated that the 
actual price of the shares of seven of the quoted 
companies (excluding the New River) at the end of 
November, varied from 100/. to 200/., averaging a 
dividend to present purchaser of nearly 4 per cent., 
but in some cases to original holders from 6 to 10 
per cent. 

Turning from the financial aspect of the question 
we may consider the result of the purchase of or 
consolidation of the eight companies under one sole 
authority responsible to Government. So far as we 
can guess at the proposal of establishing a Metro- 
politan Water Trust, the scheme is analogous to 
that of the purchase of Indian railways last year, in 
respect to which the purchase being effected the 
whole water supply, &c., would be invested ina 
kind of company, of which certain departments of 
the Government should be members, such as the 
Board of Trade, the Local Government Board, with 
also the Metropolitan Board and the Corporation 
of the City of London. To these might be added 
representatives of the boroughs or vestries of the 
metropolis. Such a constitution judiciously ar- 
ranged, could not fail to greatly remedy, if not 
to entirely remove, the evils which the present 
system possesses. 

Their first duty would be to afford a universal 
constant supply, at high pressure, for domestic and 
fire-brigade purposes. uch error has appeared in 
respect to the present constant supply. In one 
sense it is constant, but in another worse than the 
intermittent systems. We could point out one dis- 
trict in which this so-called constant supply consists 
of the water being always laid on to the house. But 
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the water runs into a small cistern, and the supply 
is regulated bya ball-cock. As the water for house 
use is withdrawn, a corresponding quantity enters 
this cistern. But the latter is never flushed. The 
inhabitants believe that they have secured safety by 
this constant supply, and leave the cistern to its 
fate. There are streets of houses in one part of 
London where this system is in existence. e have 
recently tested the supplies of some houses of this 
kind, and found the water actually worse than the 
worst of samples of intermittent supply. The 
reason is obvious. When the water by the latter 
method enters the tank, it does so with so much 
force as to stir up all the stagnant water. It thus 
in part oxidises it, and this process being repeated 
daily, diminishes the evil of intermittence. Whereas 
under the pseudo-constant system above alluded to, 
the stagnancy is never disturbed except by the 
little dribble of water which occasionally enters to 
supply that withdrawn from the tank. ‘The future 
constant supply must be direct from the main into 
the kettle of the householder, and not be de- 
teriorated by the miserable contrivances above 
alluded to. 

We need not bere enter into the advantages which 
a constant supply would afford in extinguishing 
fires at the outbreak. A common error is that water 
extinguishes fire by quenching it. This is true, 
but when water is forced on a fire it dashes it out. 
With a constant high pressure supply in a house, 
and a short length of hose, nine out of ten of our 
domestic fires might be at once extinguished by the 
inmates, instead of their having to wait perhaps half 
an hour, until the engine and turncock make their 
appearance, and when perhaps the whole house is 
in flames. It is needless here to refer to the value 
of street hydrants for fire and flushing purposes, 
nor to the enormous advantages which would accrue 
to the fire brigade and the insurance offices, by a 
constant high pressure supply of water, 

The above matters could be immediately taken in 
hand by the new Board. But years must elapse 
before the second great essential—an abundant and 
pure water supply—could be procured for the 
metropolis. The, subject has been frequently dis- 
cussed in ENGINEERING, but itis of so wide a cha- 
racter that we shall not enter on it in the present 
article. We urge our readers, however, to procure 
the exhaustive report of the National Water Con- 
ference held last May, and published by the Society 
of Arts. This work is perhaps the best that can be 
consulted for the purpose of gaining an idea of the 
benefits that might result from, and the difficulties 
that stand in the way of a better water supply for 
London. 

In an economical point of view the consolidation 
of the companies would necessarily prove of great 
advantage, ‘The expenses of directorate, law, parlia- 
mentary and analogous charges would disappear. 
The present staff would be largely diminished in 
numbers, and consequently expenses would be 
materially cut down. The water companies, like 
the gas companies, have been vastly neglectful of 
‘due care and management.” The present waste 
of water in London is disgraceful, nearly 30 gallons 
being allowed daily to each man, woman, and child, 
an amount that it is absolutely impossible to use 
properly. Taking a general view of the question, 
whether as regards health, economy, social and 
manufacturing requirements, &c., there is not a 
doubt but that if the whole metropolitan supply were 
placed under one sole competent management, a 
greater boon would be conferred on London than 
it has received from half the Acts that have been 
passed for its amelioration during the present 
century. We are glad to find that at least one of 
the metropolitan companies seems to be of that 
opinion, as we notice that the Southwark and 
Vauxhall, in seeking further powers next session, 
have also in the statutory notice asked permission 
to amalgamate with the other existing companies, 
either any or a// of them. 


EXTENSION OF THE METROPOLITAN 
RAILWAY. 

_ TuE opening of the Metropolitan Railwayin the be- 
ginning of the year 1862 marked the commencement of 
an interesting periodin the history of the development 
of the great City of London, for it was the beginnin 
of a vast series of improvements which have adde 
80 much to the comfort of its inhabitants and not 
a little to the beauty and importance of the town, 
With the Metropolitan or “ Underground” Railway 
as it has popularly been called, offering as it did 











greatly increased facilities for getting from one 


part to the other, came the desire for more 
commodious buildings both for residences and for 
places of business, and while a new and palatial 
city has risen up in the West, the business 
“sty eastward of ‘Temple Bar have almost been re- 

uilt, until at the present time we doubt if there is 
any city in the world which can compete with Lon- 
don for buildings devoted to private business or for 
the comfort and excellence of its residences. 

Increased facilities for getting about from place 
to place do more than anything else to open up new 
districts and to improve the size and importance of 
a town, and a very large proportion of the great im- 
provements which have been made in London 
during the last fifteen years must be attributed 
directly and indirectly to the Metropolitan Rail- 
way, which for some years extended only from the 
north-western portion of the City at Farringdon- 
street to the districts of Bayswater and Paddington, 
but in running that short distance, passing as it did 
close to King’s Cross and Euston-square, it helped to 
develop suburban districts served by the four most 
important trunk railways of the kingdom, viz., the 
Great Northern, the Midland, the London and North- 
Western, and the Great Western, and gave the 
signal which started the vast building and improve- 
ment operations in Bayswater, Kensington, and 
Brompton, quickly following them up by penetrating 
into their midst, passing through them in conjunc- 
tion with the District extension to Westminster and 
collecting on its way the traffic of the two great 
southern lines which terminate at Victoria Station. 
At Westminster Bridge it made a halt of a few 
months during the construction of the Victoria Em- 
bankment, after which it soon burrowed its way to 
Blackfriars and on to the Mansion House, increasing 
its traffic by passing close to the South-Eastern 
terminus, Charing Cross, and the London, Chatham, 
and Dover Railway at Ludgate-hill. While all this 
was going on on the District Railway, the original 
Metropolitan line threw offshoots to meet the three 
Northern railways to which we have referred, and 
extended itself eastward to Aldersgate, Moorgate, 
and Aldgate, connecting itself with the London, 
Chatham, and Dover Railway at Farringdon-street 
and Aldersgate, and bringing its route, by its ex- 
tension to Aldgate, into close proximity to the 
North London and Great Eastern railways. There 
is now only needed a short connecting link between 
the Mansion House and Aldgate to complete the 
entire circuit of the metropolis, and the two re- 
maining termini at Cannon-street and Fenchurch. 
street will then have the Metropolitan Railway 
brought to their very doors. 

Since the completion of the communication be- 
tween the Mansion House at one end and Aldgate 
Station at the other, several branches feeding the 
main line and opening up fresh districts have been 
constructed ; among the earliest of these were the St. 
John’s Wood Railway meeting the Metropolitan line 
at Baker-street and a loop line starting from Praed- 
street and passing through Notting Hil, Addison- 
road and Earl’s Court to Gloucester-road, where it 
enters again the District lines. Extensions have 
also been made more recently to Kew and Richmond, 
to Acton and Ealing, and the system is again in 
communication with the London, Chatham, and 
Dover Railway by a line between the Addison and 
the Wandsworth-roads, A glance at any new map of 
the metropolis will show that every railway out of 
London, whether north or south of the Thames, is 
brought by the Metropolitan and Metropolitan 
District Railways very near to every other, and it 
would be impossible to estimate the extent of the 
rise in the value of building land and house Lager 
in the suburban districts around London, whic 
is directly attributable to the construction and exten- 
sions of the Metropolitan system. 

On Monday last the first section of a new exten- 
sion was opened for traffic, and on the previous 
Friday a number of gentlemen were invited by Mr. 
Myles Fenton, the general manager of the Metro- 
politan Railway, to go over the works of the new 
line, and to inspect the stations and engineering 
features. This new line is an extension of the St. 
John’s Wood Railway, starting from theSwiss Cottage 
Station, and passing through Finchley-road, West 
Hampstead, and Kilburn to Willesden, which may 
be called the “‘ Clapham Junction” of the north. 
Here-will be the terminus for the next few months, 


but it is intended to yong! Hvar extension through 
Kingsbury to the foot of w Hill, which section 
it is hoped will be completed and ready for traffic 


in the spring of the coming year. The section of the 
line which was opened on Monday possesses several 


interesting engineering features, and the stations for 
the comfort of their arrangements and for their 
architectural design and decoration are altogether 
exceptional. ¥ 

There has for some time existed a tunnel runnin 
north and south between the Swiss Cottage | 
Finchley-road Station, but as this could only carry 
a single line of rails, a second has been driven 
parallel to it. After leaving Finchley-road Station 
the line runs round a curve of about 12 chains 
radius, half of which lies in a cutting bearing to the 
west, it then runs in a westerly direction through 
West Hampstead, which is the next station, and 
then along a very heavy embankment, which gave the 
contractor some considerable trouble in construc- 
tion, but by giving to its sides very long slopes the 
slipping away of tbe earthwork has been effectually 

revented. ‘The line next crosses the Hampstead 

unction Branch of the London and North-Western 
Railway by a wrought-iron plate aber skew bridge 
in two spans, each of 60 ft., and then along a hand- 
some brick viaduct of semicircular arches, by which 
it is led to what may be called the special feature of 
the line ; this is a magnificent skew bridge in brick, 
which carries the railway over the Iverson-road by 
an arch of 105 ft. span. The special interest in this 
bridge besides its span is its method of con- 
struction, whereby it has the appearance of a ribbed 
or groined roof, This Mf omer while adding 
greatly to the architectural character of the bridge, 
is a consequence of the method of construction of 
the skew, which is obtained by following a plan at 
first adopted many years ago of building very narrow 
straight arches of equal span side by side against 
one another, but each having its abutment a little in 
advance of its neighbour, so that while each narrow 
arch is an ordinary straight bridge, its lateral dis- 
placement, with respect to its neighbours, converts 
the whole into a skew bridge of very ornamental 
design, After traversing this bridge, the line crosses 
the Loveridge-road by a bridge similar in every 
respect to that last described, except that of span, 
which is 87 ft. instead. of 105 ft.; it then crosses the 
Edgeware-road by a cast-iron arch of 70 ft. span to 
the Kilburn and Brondesbury Station, the third 
station on the line, and after running along a bank 
for three-quarters of a mile, it crosses Walm-lane 
by a wrought-iron bridge of 25 ft. span, and reaches 
Willesden Station, which will for the present be the 
terminus of the extension, 

All the stations are exceptionally well designed 
and built, the waiting-rooms and booking-oftlices are 
fine lofty rooms, excellently decorated in the modern 
revival of the art of the beginning of the seventeenth 
century which has been so much in vogue during the 
last few years, and the architecture of the exterior 
is of. the same period. The use of delicately tinted 
tiles in citrine and olive in connexion with white is 
most skilfully handled for mural decoration in 
passages and staircases, and the panelling and other 
work is beautifully executed. . 

The permanent way consists throughout of steel 
rails weighing 861b.to the yard, fixed in cast- 
iron chairs, which are attached to heavy wooden 
sleepers, and it is intended to work trains 
over this section as far as Kilburn, following 
one another at intervals of ten minutes during 
the busy parts of the day, thus extending the 
whole service running from Baker-street over the 
St. John’s Wood Railway to Kilburn, from which 
me the service will be worked by trains every 

-hour to Willesden. Besides, therefore, givin 
to the districts of Kilburn, Finchley, and Sout 
Hampstead the full benefits of the Metropolitan 
Railway system, this new line will open up a new 
communication between Willesden, with the many 
streams of traffic that there converge, and the Metro. 
politan system anc the railways south of the Thames, 
and it will open up a large new building estate, the 
property of the Ecclesiastical Commissioners, which 
in consequence is already laid out for building 
purposes. 

This new extension of the Metropolitan Railwa 
has been constructed by the contractor, Mr. Jose 
Fairbank, under the superintendence of Mr. Charles 
Liddell, the constructing engineer, and the stations 
are from the designs of Mr. McDermott, the 
architect to the line. ‘The extension, which from 
the Swiss Cottage to Walm-lane is about a mile 
and a half long, was commenced in April, 1878, and, 
considering the heavy-nature of the works involved, 
reflects great credit on all ies concerned, not 
only on account of the engineering, constructive, 
and architectural excellence of the work, but for the 





rapidity with which it has been executed. 
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The party of gentlemen who inspected the line 
last Friday were accompanied by Mr. G. Morphett, 
the chairman of the St. John’s Wood Railway, who 
was supported by Mr. Fenton, the general manager 
of the Metropolitan a fe Mr. Tomlinson, the 
resident engineer, Mr. Bell, the secretary, Mr. 
Spagnoletti, the electrician, and Mr. McDermott, 
the architect of the new stations. 


THE JOHN COCKERILL COMPANY. 

Tus great Belgian company did a good year’s work 
in the twelve months ending June 30, 1879. The gross 
profits of the year were 81,8931, as compared with 
86,1137. in 1877-8. These gross profits .were subject, 
however, to considerable deductions for the depreciation 
of premises, plant, &c.; and after providing for interest 
on mortgages and general charges, the balance available 
for dividend on the share capital of the company for 
1878-9 was reduced to 23,449/. After providing out of 
this balance for the allocation to the statutory reserve, 
and the proportion of the profits due to the directors and 
commissaries, the company declared a dividend of 1/. 8s. 
per share, a final balance of 245/. being carried forward 
to the credit of 1879-80. The allowances made for 
depreciation, it may be observed, were at the rate of 
2 per cent. on premises and 5 per cent. on tools; and 
since 1871, the allocations made in this manner and upon 
this system have attained the very considerable aggre- 
gate of 460,0001. A sum of 6243/. was set apart in 1878-9 
to meet sundry losses; the allowance made under this 
head last year was somewhat larger than usual, in con- 
sequence of difficulties associated with the completion of 
certain contracts in Russia. 

The general stagnation in business affairs last year 
obliged the directors to altogether suspend for six months 
working operations at the Marie colliery, as well as 
to reduce the production of the other centres at 
which coal is worked by the company. Notwithstand- 
ing this, the general cost price of the coal raised 
did not present any increase last year when compared 
with the corresponding cost price for 1877-8. This 
result was due in great part to the improved working 
arrangements and appliances which bave been intro- 
duced by the company during the last few years. 
While thus working its coal with great economy, the 
company suffered very greatly last year from the un- 
remunerative selling prices which prevailed for coal; 
and the profits realised under this head in 1878-9 were 
sensibly below the corresponding profits obtained in 
1877-8. The first half of the current report has pre- 
sented itself in a less unfavourable aspect, and the 
directors hope now to resume the regular working of 
the Marie colliery. The stocks of coal on hand at the 
company’s collieries at the close of June, 1879, did 
not exceed 5644 tons. The working staff at the 
collieries was sensibly reduced in 1878-9, the number 
of men engaged having followed the fluctuations of the 
production; but the wages paid did not experience 
much reduction last year. 

The production of pig at the company’s blast fur- 
naces in 1878-9 amounted to 33,383 tons. In the pre- 
ceding year, the corresponding production effected was 
31,200 tons. A reduction of rather more than Is, 10d. 
per ton was effected last year in the cost of production; 
on the other hand, the average selling price experienced 
last year a decline of 1s, 8d, per ton, so that the profits 
realised in this department in 1878-9 were rather higher 
than in 1877-8. The stock of pig held by the company 
at the close of June, 1878, was 2847 tons; at the close 
of June, 1879, the corresponding stock had risen to 
10,105 tons. The sale of the company’s pig has not 
become more active, but the directors have been 
enabled to slightly advance their selling prices. In 
consequence of the considerable rise in English Bessemer 
pig the directors have adapted for the production of 
similar pig one of the furnaces of the company which 
has been hitherto devoted to the production of pig iron. 
It is expected that this arrangement will secure a 
sensible increase of profit to the company. The com- 
pany’s No. 5 blast furnace, which has been in course 
of repair, will be also devoted to the production of Bes- 
semer pig as soon as the repairs have been completed. 
These furnaces will be probably devoted to the produc- 
tion of cast steel until the stock of pig iron is exhausted. 

During 1878-9 the company’s foundries were well 
supplied with work, the orders received having even 
been in excess of the means of production. The profits 
realised were, however, somewhat less than the corre- 
sponding profits realised in 1877-8; this result was due 
in a great measure to the difficulties which the orders 
executed presented, and the periods a'lowed for delivery 
which were continually reduced, The company’s foun- 
dries sustained some damage last year from floods; but 
upon the whole, the work done may be said to have been 
attended with favourable results, so far as the foundry 
department was concerned. As regards the’ current 
year, the production of the foundries is not expected to 
fall short of that of 1878-9. 

With respect to the production of iron properly so 
called, the company had to contend last year with a con- 
stant reduction in selling prices; and it had accordingly 
to solve the difficult problem of effecting such a reduction 
in the cost of production as would leave the profit attend- 
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ing the manufacture of bars and plates at nearly the 
same level as hitherto. In this the directors were entirely 
successful, the profits realised under this head last year 
having slightly exceeded those secured in 1877-8. In 
default of orders for iron rails, which can no longer be 
relied on, and in default also of orders for iron girders, 
the directors were obliged to increase last year the pro- 
duction of iron in bars and plates. Iron rails yielded a 
smaller profit last year, because the production was less. 
The company has undertaken the production of iron 
sleepers for railways on the Soignie system. The reports 
of the administration of the Belgian State Railways afford a 
good deal of information with respect to these sleepers 
which appear likely to present a good outlet for the com- 

y's iron, although, perhaps, at low prices. Upon the 
whole, the results of the past year’s production of iron 
by the company must be pronounced satisfactory. The 
current financial year did not commence very well as 
regards orders for girders and plates; but better results 
may now be hoped for in consequence of the, at any 
rate, partial revival in business. 

As regards its steel works, the general results attained 
by the company last year were not very brilliant when 
contrasted with those of the preceding exercise. Thus 
while in 1877-8, the company sold 55,816 tons of steel 
rails at an average of 6/. 9s. 9d. per ton, the correspond- 
ing sale in 1878-9 comprised only 41,776 tons at an 
average of 5/. 8s. 3d. per ton. The general production of 
finished steel effected by the company in 1877-8 was| 
69,063 tons ; in 1878-9 it declined to 56,328 tons. This 
great difference in the production in 1878-9 was entirely 





attributable to the want of orders in the second half of 
the year, and the directors considered themselves fortu- 
nate in being able to close up this department of the 
operations of 1878-9 with some little profit. This result 
would not have been secured had not economies been 
effected in the cost of production. 








Tue Russian VOLUNTEER Navy..—A new cruiser has 
been ordered by the committee of the Russian volunteer 
fleet. It is to be built at Marseilles, and to cost 100,0001. 





RicHARD Hornsby AND Sons, Limirep.—The busi- 
ness established in 1815 by Mr. Richard Hornsby, and up 
till the present time carried on under the title of Richard 
Hornsby and Sons, manufacturers of steam engines, 
agricultural machinery and implements, is about to be 
transformed into a joint stock limited liability company. 
The capital of the new ag = is fixed at 300,000/., in 
30,000 shares of 101. each, but it 1s estimated that not 
more than 71. per share will be called up, payable 31. on 
allotment, and the rest in small instalments. The works 
cover an area of 15 acres, of which 10 acres are freehold, 
the property of the firm, and adjoin the Great Northern 
Railway Station at Grantham. e change thus contem- 
— is due to the death of the late Mr. Richard Hornsby. 

e vendors undertake to subscribe for 50,0001. in five per 
cent. mo: debentures, part of an intended issue of 
100,0001., and to accept 10,000 shares on the terms of the 
prospectus, out of a total payment to them by the a 
of 234,7721. 17s. 6d. - It is stated that in the course of the 
last twelve years the business has more doubled in 
value. The share list will close on the 3rd prox. for 
London, and the 4th for the country. 
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THE METEOROLOGICAL SOCIETY. 

THE first meeting of this society for the present session 
was held on Wednesday, the 19th inst., at the Institution 
of Civil Engineers, Mr. C. Greaves, F.G.S., President, in 
the chair. The following gentlemen were elected fellows : 
Captain C. K. Brooke; Rey. E. Carr, M.A.; Captain R. 
A. Edwin, R.N.; W. B. Fawcett; C. J. Harland; J. 
Lucas, F.G.S.; H. Mellish; G. B. Nichols; the Earl of 
Northesk; Mr. J. Robb; T. H. Walker; and C. L. 
Wragge, F.R.G.S. The reports’ on the Phenological 
Observations for 1879 were read; the Botanical being by 
the Rev. T. A. Preston, M.A., F.M.S., the Entomological 
by the Rev. C. H. Griffith, B.D., F.M.S., and the Ornitho- 
logical by J. Cordeaux. With the exception of a few days 
in the earlier parts of February and of March, the whole 
of the year 1879 has been characterised by a temperature 
almost invariably below the mean, accompanied with much 
wet and little or no sun; the effect on vegetation has been 
consequently very great. Foliage has, as a rule, been ex- 
cessively luxuriant and dark, “‘ forming the most remark- 
able feature of the year ;”’ but rarely has fruit been able to 
ripen, and the second shoots have Sopesy been weak 
and unhealthy. Flowering has invariably been very late, 
as much as a month in some districts, the hay harvest often 
not completed till nearly the end of A » some still in 
** cock’’ in the moorland district of Staffordshire as late as 
ber 30th, and the corn harvest not only extremely 

late, but the corn in very poor condition, not properly 








ripened. With regard to insects the two most notable 
occurrences of this most dismal season have been the swarms 
of Pyrameis cardui and Plusia gamma, both these species 
have been wonderfully numerous, especially the latter, 
which has absolutely swarmed. The great severity of the past 
winter caused an almost unprecedented mortality amongst 
birds, great numbers of various species succumbing to the 
cold. This mortality was perhaps most apparent amongst 
the turdidw and the starlings. Spring brought little or no 
improvement, birds nestedjmuch — oy their average time, 
and in a vast number of instances the first eggs have been 
addled and destroyed by cold rains and an abnormally low 
and continuous temperature. The scarcity of young part- 
ridges is probably unprecedented, on some manors not a 
young bird is to oe found, and it will take several 
nesting seasons to bring up the stock of their old numbers. 
A paper ‘On the Meteorology of Zanzibar,” by Dr. 
John Robb, was also read. The average annual rainfall is 
rather more than 61 in., or only about double the average 
yearly fall in England ; and the average number of rainy 
days is 120. The greater rains fall in March, April, and 
May, the lesser rains’ are from mid-October to the end of 
the year. The driest month is September with an average 
rainfall of 1.86 in., no month is rainless. The mean tem- 
perature of five years is 80.6 deg., and the average yearly 
range, from highest maximum to lowest minimum, is 
17.3 deg. The hottest months of the year are Fe 
and March, with a mean temperature of 83.1 deg. an 


83.4 Sy ree the cool months are July and Au " 
sreruetig .5 deg. and 77.7 deg. This wees a eral 
sl to thls Malisd tinge of tongantars fy lanpely a: 
an range 0 pera is ue 
the debilita: nature of the climate of Zanzibar, 
penne § as affecting the nervous system. The heat is 
constant and moist, and even gentle exercise is usually 
attended with excessive perspiration. 





MACHINE WORK. 
The Application of Machinery for Producing Engineers’ 
- Work Cheaply.* sian 
By Mr. W1Lson TNELL. 
(Concluded from Pose 395.) 
TABLE A. 

CIRCUMSTANCES affecting the cost of tooling: Skill, in- 
telligence, will, energy, wages; situation of works, their 
arrangement ; facilities of transports, tramways, cranes, 
&c.; nature of work to be done, repetition, stores, shop 
organisation and management, store system; drawings, 
designs easy to tool, templates, gauge chucks, stays, 
devices for andc g work rapidly ; kind of tools, 
multiple cutting tools, special tools, copying tools, milling 
tools, &c.; quality, s h, selection, and suitableness 
of tools, accuracy and rigidity needed for broad cuts and 
high-class machine finis ; Classification and arrange- 
ment of tools; shapes of cutting tools, length of cutting 
edge, angles of cutting and supporting surfaces, quality 


and temper of steel, accurate grinding appliances, means 
of — speed of cut, depth and width of cut, area tooled 
per hour. 












































Revolutions. 
TasLz B TaBieE C. 
Speed of Cut Pulleys at 16 ft. 
Diam. _~ oo ft. Diam. v. Time. 
20 16 12 sec, 
j 152 120 90 10 6 10 
102 80 60 20 8 20 
1 76 60 45 30 2 30 
2 38 30 22.5 40 1.5 40 
3 25 20 15 50 1.2 50 
4 19 15 11.3 60 1 59 
5 15 12 9 70 9 69 
6 12.6 10 7.5 80 8 79 
7 108 86 6.5 
8 95 7.5 5.7 
TaBLE D.—Constants, or Square Feet per Hour. 
Advance ‘an | 64 48 | 32 | 24 | 16 | 12 8| 61, 41]3 
Speed. 
Wrought 
iron ...| 20 1.6/ 2.1) 3.1) 4.2) 6.2] 84/12.5/16.6)24 | 33.3 
Cast iron | 16 | 1.2) 16 2.5] 3.3) 5. | 67/10. |18.4/20 | 26.6 
Steel ...| 12 9/12 1,9] 2.5| 3.7] 5. | 7.56/20. 115 |20 
Boring ...| 10 8} 1. | 1.5] 21] 81) 42) 62] 83112.5/ 16.6 
bh a 8 6) .8 138] 1.7] 2.5] 33] 5. | 67/10 |13.4 
os 6 | 5] 6 9/12] 1.9] 2.5) 38] 5. | 7.5)10 
TABLE E.—Shafting. 
5s. 3d. per day ; Speed 20 ft. 
RovuGHINa. 
Diameter .., eee pee ee 2 | 3 4 6 10 
Advance .., 9. o0| 32 24 16 16 12 8 
Constant .., Cares pie | 62 | 62 | 84 | 125 
Seven hours area 21.7 | 294 | 43.4 | 434 | 58.8 | 87.5 
Cost per square foot 8d. | 24d. | lgd. | 1gd. | 19d. qd. 
» lineal foot.., ...| gd. | Igd. | 14d. | 1d. | 19d. 2d. 











TABLE F.—Finishing. 





















































Advance 24 12 8 8 6 6 
Constant _ 4.2 8.4 | 12.5 | 12.5 | 16.6 | 16.6 
7 nours area ...| 29.4 | 58.8 | 87.5 | 87.5 [116.2 [116.2 
Cost per square 

foot ... | 24d. | 14d. | 4d. Sd. | 4d. $d, 
Cost per lineal 

foot... ..| $d. | gd. | gd. | ad. | ga | aga. 

TABLE G. 

— Pulleys. Speed 16 ft. per Minute. 
Diameter ...| 10 20 30 40 6) 80 
Advance | 32 24 24 24 16 16 
Constant eo] 2.5 3.3 3.3 3.3 5. 5. 
Lengthperhour} 114 | 7} 5 3h 3} 2} 
Cost per square 

foot ... ee] Bhd. | Qed. | Ved. | Ved. | 1gd. | 1fd. 
Cost per lineal 

foot ... | 10d. |1s. 2d.}1s.11d.)2s, 5d.|2s. 5d.|3s. 2d. 

TaBLe H. 
oe Flywheels, 16 ft. 
Diameter 60 80 100 120 
Advance 12 12 8 8 
ene aes 6.7 oe yA » 
Length per hour e 
Cost per square foot ... 13d. 1jd. 1d. id 
» lineal ,, ...| 1s. 9d.| 28. 4d. | 25. | 2s. 4d. 











* Paper read at a meeting of the Leeds Association. 
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Tasiz K. Tasiz P.—Slotting Machine. portionately increased, provided they are fixed and set in 
aThe subject of duplicate cattin dges, and th 
The subject of duplicate cutting e , and the various 
<ET Holes, 10ft. —— Large. } Small. means of fixing the work and the tools so that the latter 
Pee ass shall be nearly always cutting, is one upon which much may 
be said, and with regard to which very much remains to be 
Diameter 38 t 6 8 Length actual] 12in. 18 in. 3 in. 6in. | done. 
Advance 48 32 32 2 Tool travels ...| 13$ in. 19} in. 4tin. | 72 in. Table G refers to pulleys where the advance is usually 
Constant — 2 v4 7} 24 finishing — b — ny gg ia el all m 
Length per hour : 16 finishin feo able H refers to the flywheels of s engines. e 
Cost per square foot ... 7)d od. 5d. 5d. Advance | 48 rgh. ya a} Girgh. |32 finish. cost is shown to vary from 3}d. to 1d. per square foot on 
», lineal ,, «. 6d. 5d. | Tid. 10d. tool. the conditions thereon named. 
a ae = 8 1.6 6 12 Table K refers to boring holes with a lathe tool where 
7 Wa ee T L — ‘ {05 } - the overhang of the tool limits the advance. 
._ B. A 1 5.8 11.6 14 8.7 Table L refers to boring bits; here the cost varies from 
ce etualaren ...| 5. 73h = . 74d. to 10d. per square foot. 
—_— Boring Bit, 10 ft. Net area rough- Table M refers to planing machines. It shows the dis- 
ing ... sol ae 5.3 3. 3.5 advantage nah geen short lengths, the cost varying 
Net area finish- 10 11) 5.8 : from 6}d. to 9d. per square foot for roughing. It also 
Diameter ¥ +h Pv 1 2 3 ing ... ia { 16 165 = shows the great advantage of finishing the work with a 
Advance... éeo 64 48 $2 Cost per square| broad advance, the cost of two cuts being 7jd. per foot 
Constant oe 6 6 9 feet roughing} 124d. 12d. 2iid. 18d. instead of 1s. 03d. In practice the loss due to short lengths 
Length per hour one 27 a4} % Cost per square| { 64d. 6d. } lla 9d is often obviated by ang things end toend. I haveseen 
Cost per square foot ... 1s. 3d. ] 1s. 3d. 10d. feet finishing} ( 4d. 4d. , . from 16 to 48 slide bars planed at once, and eight tools 
ad? gg * ee | 4d, 8d. 8d. Total cost | § 184d. 18d. 32hd 27d used, four cutting each way. This would reduce the cost 
——— | tet 16d. — = to about 1d. per square foot. 





In each case wages assumed to be 5s. 3d. per day, and 
the tool cutting for 7 hours. 


























Taste M. 
—- Small Planing Machine. 
Length actual ...| L ft. Oin. 2 ft. Oin.|4 ft. 0 in./6 ft. Oin. 
Tool travels ... .- | L ft. Gin. 2 ft. 6 in./4ft. 6 in.|6 ft. Gin. 
Advance ...| 32 rgh. 8 fin. 
Constant ae Bs 6.2 
Actual area ... | 10.5 oy 43.4 
Net area roughing ... 7 8.7 | 9.7 10 
4 finishing .. 28 | 3 39 40 

Cost per square foot 

roughing ... - Yd. | Td. 64d. 64d. 
Cost per square foot | 

finishing . ew} 24d. 2d. 13d. 1}d. 
Total cost lijd. | ojd. | Sha. | 7H. 

TABLE N. 
oo | Large Planing Machine. 
Length actual {6 ft. Oin,| 12ft. 6ft.Oin.| 12 ft. 
Tool travels... ... (6 ft. Gin. |12ft. Gin. 6 ft. 6 in.|12ft. 6in. 
Advance e+) 12 rgh.| 4 fin. Srgh. | 3 fin. 
Constant 42 | 125 | 62 | 16.6 
Actual area ... * | | 
Net area roughing ... 7 | 3 | # 41 
- finishing ... 81 84 | 105 110 

Cost per square foot } 

roughing ... oo] Qid. | Bad. | lfgd. 1}d. 
Cost per square foot) | 

finishing ... | d, Sd. fd. id. 
Total cost 34d. 3d. 24d. 2hd. 





| 
In each case mean speed 10 ft. per minute ; time cut- 
ting, 7 hours; wages, 5s. 3d. per day. 


Tasie O.—Shaping Machine. 


on Large. Small. 

Lengthactual| Gin. | 9in. | 12in. 3 in. 6 in. 
Tool travels Tein. |10pin.| 13}in. | 4$in. | 7}in. 
Advance... 32rough.; .. 12 finish.|48rough. 16 finish. 
Constant 1.2 ad 3.3 8 2.5 
Actualarea...|) 8.7 | 23 5.8 17.5 
Net area } 

roughing ...| 7 | 75 7.7 3.8 4.6 

et area | 

finishing 18, 19 20 12 14 
Cost per sq. ft. 

roughing ...| 9d. | 8$d. | 84d. 16}d. 134d. 
Cost per sq. ft. 

finishing 34d. Std. 3d. 53d. 44d. 
Total cost 12hd. | 113d.| iad. | 224d. | 173d. 








In all cases mean speed 8ft. per minute. Time cutting 
7 hours, at 5s. 3d. per day. 


Table B shows the number of revolutions per minute for 
various diameters at several surface speeds. These may 
be obtained thus: the revolutions in one quarter of a 
minute nearly equal the speed in fest divided by the dia- 
meter in inches. 

Thus fora 2-in, shaft, at 20 ft. per minute, the revyo- 


lutions per quarter of a minute are nearly = =10. Hence, 
40 revolutions per minute. 


sa 

Table C illustrates the simple means of observing if the 
speed of the wheel, &c., be more or less than 16 ft. by 
noting if the number of seconds for one revolution be less 
or more than the number of inches in diameter. 

Table D gives the number of square feet tooled per 
hour with speeds varying from 6 ft. to 20 ft. per minute, 
and an advance of feed varying from 64 to 3 cuts per inch. 

A prominent aim of this paper has been to show the 
necessity of actu measuring the performance of each 











In all cases mean speed 8ft. per minute. Time cutting 
7 hours, at 5s. 3d. per day. 
Taste R.—Turning Hard Rolls. 


Cost per 











Table N shows a large planing machine with broader 
advance. Here the cost becomes 2d. per square foot 
for roughing and finishing, using one cutting tool at a 
ti 


ime. 
Table O shows the work done by poe ge machines. 
Here the constants become much less, and the cost rises 
from 9d. to 13d. per square foot (assuming 7d. per hour 





ie i. | Ad . | Constant. | for wages). The finishing cut with a broader advance 
“en dpe onesans-| oq. ft. | costs mach i 38, the total of the two cuts varying from 12d. 
Cz ~ aa to 18d. per square foot. Where there is a large repetition of 
Roughing ... 6 12 ~ | 3h similar articles it is better to arrange them in sets on a 
Finishing .. 3 | 3 5 2 planing machine. 
Meas ae Table P shows the work done by slotting machines. If 
TABLE 8.—Screwing. 
Diameter... i wal $ 3 1 2 3 
Threads perinch ... as 12 10 8 4} 3 
Speed in feet... lias | 4 8 16 ie ee 4 8 16 4 8 16 4 8 16 
Revolutions per minute .... 30 60 120 | 20 40 80 |15 30 60 |75 15 30 5 10 20 
Constant... i (16 33 66 | 2 4 8 |25 5 10 45 9 18 |55 11 22 
Cost per square foot .| Sed. 2Qhd. Lyd. | 4gd. 24d. Id. | 3hd. 2d. Id. | 2d. Id. 3d. | 1fd. fd. 3d. 
pe lineal ,, | 9d. gd. Ad. 1d. $d. 3d. ld. 4d. 3d. | Id. 4d. fd. ljd. $d. fq. 
Tapping Nuts. ; 
Number in seven hours at ] ' 
42 revolutions per nut... 600 1200 | 200 400 800 | 150 300 600 75 150 300 50 100 200 
Cost per gross using thre 
spindles Hf eee «| 10d. 5d. 23d. (15d. Tid. 39d. | 20d. 10d. 5d. 40d. 20d. 10d. 60d. 30d. 15d. 





square foot per hour as the unit of measurement, the 
rapid and ready means by which such measurement can be 
determined mentally by means of a watch and foot-rule, 
and the increase in production that may be obtained by 
determining a given average standard of performance for 
yarious descriptions of work which should at all times be 
maintained. Table D, therefore, may be called a table 
of “‘ constants ;’’ they vary from } to 33. With an advance 
of 48 per inch, they are less than 2; with an advance of 32, 
they are less than 3. With a coarse advance the “‘con- 
stant’’ rapidly rises until with 3 per inch advance it reaches 
30 at 16ft., and 20 with so slow a speed as 12ft. per 
minute. A broad advance has far more effect than a quick 
speed. A quick speed requires a higher quality of steel 
and special means to cool the tool, but it does not increase 
the strain on the tool, and in very light work may be in- 
dispensable. In heavy work rapidity may be obtained at a 
moderate speed by a broad advance. 

Tables E and ‘ show the effect of advance on the cost 
me square foot. The tool is assumed to be cutting seven 

ours per day, and the wage of the attendant nine hours at 
7d. per hour. The cost per lineal foot is given as a means 
of comparison with well-known piecework prices. 

These ‘‘ constants’ could readily be maintained in ordi- 
nary lathes with suitable tools. The best roughing tool I 
have met with is a square bar with a diagonal groove across 
it forming the cutting edge at an le of about {= per 
inch. The cutting surface inclined about }in. to fin. per 
inch, and the supporting surface inclined about } in. 
per inch. 

Time will not permit me to dwell on the close relation 
between the angles and position of the cutting surface and 
the actual strain, and therefore possible advance, nor upon 
cooling the tool, accurate grinding, &c. 

Engineers’ tools are generally not stiff enough. (Since 
reading the above paper the writer has noticed screw- 
shafting turned at three cuts per inch # in. to }in. deep, 
using a tool on both sides of the shaft, the tools being made 
of 2} in. square] steel shaped, much as above described, 
the shaving beingabout lin. wide. The light finishing cut, 
with a stiff spring tool, was about 2} per inch ; as the s 
was under 20 the “‘ constants’ would perhaps be 25 and 32, 
which are very high, and the cost of wages for each cut, 


say, under 9d. square foot. 

Hie has also ads informed by Mr. Barrows that Messrs. 
Smith, Beacock, and Tannett have recently finished planing 
a surface of 200 square feet with a broad tool ground true 
by special appliances, each cut being 2}in. wide, and that 
the work on being tested with straight-edges was found to 
be very true. Assuming a mean speed of 10ft., the “‘ con- 
stant’’ would be 180 square feet, and the time required 


1 hour 40 minutes.) 
edge is sup to be used. Where 





tool from time to time, the convenience of adopting one 


Only one cutti 
several cutting edges are used the constant may be pro- 





‘Time of cutting, 7 hours per day. 





Wages 5s. 


finished with swivel tools a broader advance can be used 
and the surface is left smoother, but the time saved is com- 
paratively small. The cost varies from 1s. 4d. to 2s. 8d. 
per square foot for a roughing and finishing cut. The tool 
need not always travel 14 in. further than the actual cut; 
but it is here so shown to illustrate the loss due to tooling 
short lengths. 

Table R shows how a broad advance compensates for a 
slow speed. 

Table S shows the cost of screwing persquare foot and 
per foot lineal at a surface speed of 4 ft., 8 ft., and 16 ft. 
per minute. It also shows the cost per gross of tapping, 
using three tapping-spindles. Wages per day are still taken 
at 5s. 3d. for the sake of ready comparison of cost. In nut 
and bolt factories the wages paid would be about one-half ; 
and as two nuts are tapped at once on each tap in small 
sizes, the cost per gross may be about one-third of that 
given. The actual ‘‘ constants’’ for tapping are the same 
as for screwing, but the “‘ effective constant’’ is reduced in 
proportion as the tap is longer than the nut, say 4 to }. 
The cutting of large threads at one cut successfully in- 
cluding square threads, effects a great saving of time as 
compared with the older methods. On the table are some 
fine specimens of such work, lent to me by Mr. Barrows, 
of Leeds, and done by his machine at a speed of cut of 
from 6 ft. to 8 ft. per minute. The constant is large at 
these speeds, and higher speeds, although successful, do not 
at present seem desirable. 

In concluding this paper I must again refer to the re- 
marks with which it commenced, that for want of time I 
can only attempt to deal with one branch of the subject, 
and only partially with that. There is a vast disparity 
between the amount of work usually done by engineers’ 
tools and the best performances of which they are capable, 
as proved both by reasoning and many examples. One 
means of raising the average performance here advocated 
is to introduce a system of measuring the work tooled in 
square feet per hour, to determine ‘‘ constants’ as here 
detailed, always to work up to, and as far as possible to 
exceed, those standards. 








An AUSTRALIAN RaILway Brip@t.—An iron railway 
bridge of some interest is being constracted at Wellington, 
New South Wales. The contractors (the executors of the 
late Mr. William Watkins) have had a good deal of trouble 
in sinking the cylinders, owing to the heavy logs of drift 
timber found embedded at a considerable depth in the sand 
forming the bed of the river. These, however, appear to 
have been all got out, and better work isanticipated. The 
bridge is being constructed of cast-iron cylinders, with a 
wrought-iron superstructure. It will consist of three 
spans of 150 ft. each, and the total length of the viaduct 
will be 572 ft. 
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OTES FROM THE NORTH. 7a.m,, having made the second fastest on record, | at the Princess Royal Colliery, and th f 
s Guascow, Wednesday. | 2amely 18 days 16} hours, her last run home in 18 days | an mor Fs Hs series of collieries in the omme poallity, 


Glasgow Pig-[ron Market.——Last Thursday’s warrant 
market was stronger, and prices showed an advance to the 
extent of 9d. per ton. Business was done in the morning 
at from 55s. 74d. to 56s. 3d. cash, and from 55s. 11d. to 
56s. 6d. one month, the market closing with buyers at the 
higher prices, and sellers asking 1$d. per ton more. Prices 
in the afternoon varied from 56s. 3d. to 56s. 14d. cash and 
56s. 73d. one month, buyers over at the close at 56s. cash, 
and 56s. 4d. one month, and sellers at 1}d. over. The 
market was a shade more active on the following day, the 
uncertainty as to the result of the ironmasters’ reduction 
in the wages of their miners pyre | a good deal of specu- 
lative buying. Prices started low, but improved, and then 
came back, closing 14d. per ton lower than on Thursday, 
and at the same figures as on the previous Friday. In the 
morning quotations ranged from 55s. 10d. to 56s. 3d. cash 
and 56s. 6d. one month, and at the close there were sellers 
at the top prices, and buyers offering 1}d. per ton less. 
Prices in the afternoon touched 56s. 44d., but went down 
to 56s. cash, and from 56s. 8d. to 56s. 6d. one month, the 
market closing with buyers at 56s. cash and 56s. 3d. one 
month, and sellers holding out for 14d. per ton more. 
Monday’s warrant market was more active, and a large 
speculative business was done in anticipation of wages 
difficulties, and prices closed 1s. 6d. per ton higher. There 
was likewise a rumour that one or two brands at present 
in demand were to be advanced in price 1s. per ton. Busi- 
ness was done during the forenoon at from 56s. 3d. (3d. per 
ton over last week’s close) to 57s. 14d. cash, and from 
56s. 4d. to 57s. 44d. one month, sellers at the close at 
the higher quotations, and buyers offering 14d. under. 
The quotations in the afternoon were from 57s. 3d. 
to 57s. 6d. cash, and from 57s. 6d. to 57s. 9d. one 
month, and at the close there were buyers at 57s. 4}d. 
cash and 57s. 9d. one month, and sellers asking 14d. per 
ton more. The warrant market was in a very excited 
state yesterday, and prices at one time stood 2s. per ton 
higher, half of which, however, was lost by the close. 
There were transactions during the forenoon at from 
58s. 3d. to 59s. 6d. cash, the market closing with sellers at 
the higher quotation, and buyers offering less. Prices 
ranged in the afternoon from 59s. 6d. to 58s. 6d. cash, the 
market closing with buyers at 58s. 44d. cash and 58s. 9d. 
one month, and sellers 14d. per ton more. There was a 
steady market this forenoon, when a good business was 
done at 58s. 3d. to 58s. 9d. cash, also at 58s. 9d. to 59s. 14d. 
one month, closing with sellers at 58s. 8d. cash and 59s. 
one month, buyers 1d. per ton less. Theafternoon market 
was flat, and little business was done. Some fluctuation in 
prices took place, and at the close the cash price was 
58s. 44d. buyers and 58s. 5d. sellers. The development of 
the home trade continues to increase, and the prospects for 
the immediate future are very encouraging. A good 
business is being done for forward delivery. Some brands 
are now scarce in makers’ hands, in consequence of the 
large withdrawal for delivery into Messrs. Connal and 
Co.’s warrant stores, which means a heavy reduction in 
makers’ stocks available for trade deliveries. There is 
only a very quiet demand for America and the Continent, 
the shipping season being now nearly over, but special 
brands are firmer and wanted for spring delivery. The 
total stock with Messrs. Connal and Co. up till last Frida 
night amounted to 383,012 tons, the increase for the wee 
being 9407 tons. There are still 96 blast furnaces in 
operation, as against 88 at the same time last year. 
Last week’s shipments amounted to 8791 tons, as com- 
pared with 6693 tons in the corresponding week of last 
year. 

The Malleable Iron Trade.—This branch of trade is in 
such a prosperous condition that in at least three different 
establishments the wages of shinglers, millmen, &c., have 
been advanced 5 per cent., while an advance of 6d. per ton 
has been granted to puddlers. Certainly in one instance 
the advance was nted without any request from the 
workmen being made. Orders have been booked in advance 
at improved prices during the last two months, and in a 
number of instances the works are in a very brisk state of 
activity. 

Royal Scottish Society of Arts.—The second meeting of 
the present session of this society was held on Monday 
night. Mr. Alan Brebner, vice-president, presiding, and 
@ paper on the ‘‘ Chemical Compositions of Boiler Incrusta- 
tions and Materials used as Anti-Incrustators,”’ was read 
by Mr. W. Ivison Macadam, F.C.S. ‘elias 

Opening of a New Branch Railway in Fifeshire.—A 
new branch line of railway, by which the Thornton and 
Dunfermline section of the North British Railway gets con- 
nexion with the West of Fife Mineral Railway, was formally 
opened for traffic last week. It will be of great service in 
developing the West of Fife coalfields by providing a much 
readier means of getting to Burntisland, the chief shipping 
port for coal, while the road to Charlestown Harbour is 
shortened by several miles. Although only about 14 miles 
in length this new railway has involved a great amount of 
labour, embracing cuttings to theextent of 100,000 cubic 
a we and the building of no fewer than nine heavy 
ridges. The works have been about two years in progress, 
and have been completed at a cost of 14,7001. 


Strome Ferry.—The harbour accommodation at Strome 
Ferry being very limited, the Highland Railway Company 
have, it is said, determined to proceed at once with works 
calculated to increase and improve it. Parliamentary 
Sanction is necessary for the work; but, anticipating no 
difficulty next session in getting the required powers to 
warrant proceeding, the railway authorities have decided 
to proceed with the operations forthwith. 

The “‘ Pretoria.”’—The Union Steamship Company’s fine 
steamer Pretoria, which left Plymoutk on the 10th of 
October, arrived at Cape Town on the 29th of October at 





13} hours being the only faster one. 
engined by Messrs. Denny, Dumbarto: 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.— Yesterday there was a 
large attendance on ’Change at Middlesbrough. The 
amount of business actually transacted was not extensive, 
but the tone of the market was more cheerful. Prices 
were er. Pig iron makers adhered to their nominal 
uotations based on No. 3 selling at 45s. per ton. For 
that quality buyers freely offered 42s. per ton, but 
merchants held out for 42s. 6d. and got it. During the 
ast week the shipments of pig iron from Middlesbrough 
ve been very large, having doubled those of the previous 
week. The weather is now against inc activity in 
shipping, and it is feared there will be a falling off this 
week, and consequently an increase in the stocks of Cleve- 
land iron makers. In spite of that the tendency of prices 
is Dep aer and people are sanguine that next year a very 
good business will be done. Messrs. Connal and Co. had 
a stock yesterday amounting to 92,750 tons, they are re- 
ceiving about 500 tons daily. This week they are busier 
than usual, as merchants have to take delivery of their 
makers’ iron before the end of the month. The Glasgow 
stock of Messrs. Connal is now 385,670 tons, and there they 
are receiving about 1500 tons daily. 


The Finished Iron Trade.—A very gna improvement 
has lately manifested itself in the finished iron trade. Prices 
have advanced, ship plates being quoted as high as 71. lds. 
per ton, and bars and angles at proportionate rates. 
Arrangements are being e for restarting works in the 
Cleveland district which have been inoperative for a long 
time. At Middlesbrough a large portion of the Britannia 
Iron Works will soon be going, and a number of men will 
be employed. 

The Mineral Rates of the North-Eastern Railway.— 
Last week we contradicted the idle and mischievous rumour 
that the North-Eastern Railway Company had given notice 
that they would after the 1st January next discontinue the 
rebate which they so considerately and wisely allowed in 
their mineral rates during the depressed times. Since then 
the Times has also contradicted the rumour. Nothing 
further has been done in the matter. 


The Extension of Arbitration.—Messrs. Fox, Head, and 
Co.’s workmen, Middlesbrough, desire to join the Board of 
Arbitration, as they believe that the Board is the best 
medium of arranging wages questions. The history of the 
Board of Arbitration certainly shows that no other method 
: oe trade disputes has been so successful as arbi- 

ration. 


The Cleveland Enginemen.—The enginemen employed 
in the Cleveland district are agitating for an advance of 
wages. The mineowners have offered to compromise the 
matter on a similar sliding scale to that recently adopted 
in settlement of the miners’ wages question. 


She was built and 
n. 











NOTES FROM THE SOUTH-WEST. 

Coal Mining in Pembrokeshire.—The lower level vein 
of the anthracite coal of the Saundersfoot district was 
struck in good order at the Moretown Colliery, near Tenby, 
on Thursday, at a depth of 158 fathoms. e exploration 
was commenced in October, 1877. The sinking throughout 
a carried out under the management of Mr. R. J. 

. Fry. 


The Parkend Iron Works.—A further evidence of the 
improvement in the iron trade has presented itself. It ma 
be remembered that during the long depression in trade it 
became necessary to blow out the furnaces at Parkend, in 
the West Dean district, and the Seudley Works, in the 
Cinderford Valley. It is satisfactory to state that the 
Parkend furnaces have been sold by Mr. Crawshay to 
members of the Seudley firm, who, it is understood, are 
establishing a powerful company in order to carry on the 
two concerns, one of which will be devoted entirely to the 
manufacture of steel. Some little time must elapse before 
a start can be made. 


The Rhymney Valley.—With the general improvement 
in the iron trade, the coke trade has also gained strength. 
At the White Rose Colliery at New Tredegar, one block of 
a dozen ovens are being worked re ly now, and coke of 
a fine quality has been supplied to the Dowlais and 
Cyfarthfa Iron Works. The Gwerna Colliery ovens are 
also lighted and burning coke, the small coal being brought 
down from Gilfach Colliery. Some Staffordshire iron 
firms have been inquiring for coke from some of the 
collieries here during the past week. 


Penarth.—No less than 5000 tons of coal were shipped 
from Penarth in one day this week, one of the largeat 
daily totals ever known. 


The Forest of Dean.—In the Cinderford Valley the coal 
trade has been brisk during the past week. The collieries 
are working full time, and some of the masters have larger 
orders than the capabilities of ‘their pits enable them to 
fully meet. An unfortunate dispute at the collieries in 
West Dean, belonging to the Parkend Company, has dis- 
arranged trade in that direction; and, as a result, there 
has been a considerable falling off in the exports at Lydney. 
On Saturday the rupture had not been arranged, and it 
does not appear that the men intend yielding their demand 
for a 10 per cent. advance. It was understood that the 
B miners had, on the same day, adjusted their 





claim by accepting a 5 per cent. advance on eager De be 
increased to 4 r cent. in a month, and 10 per cent. atjthe 
expiration of a further month. A start was made recentl 








which were closed during the late depressed times. 


Swansea.—The iron trade continues brisk, a good de- 
mand still existing for old rails and scrap for exportation. 
Steamers from Bilbao with iron ore are getting 10s. per 
ton. The steel works are still active, and in regular em- 
ployment. The demand for tin-plates continues, and 
prices are hardening. Patent fuel shipments have been 
somewhat limited, owing to the scarcity of steamers. The 
extensive works in the North Dock, formerly the property 
of the Aberdare Merthyr Fuel Company, have passed into 
the hands of a new ment, calling themselves the 
Atlantic Fuel Company. New presses have been erected, 
and the manufacture of a superior description of fuel has 
been commenced. 


The Cyfarthfa Iron Works.—There is still room for 

some fifty good men in the various branches of the 
Cyfarthfa Iron Works. The results of the poverty ex- 
perienced during the past five years have made themselves 
painfully apparent in some of the old hands who have re- 
cently resumed work. Some of these men have found 
themselves unable to bear the wear and tear which con- 
stant employment imposes upon them, and they have been 
obliged to fall back upon the sick list. There was a further 
extension of the Cyfarthfa Works on Monday, when the 
Pandy Mill and sixteen additional puddling furnaces were 
set going. In addition to this, the Ynysfach furnaces are 
being rapidly got into order. 
_ Ebbw Vale.—Business at this place is much brisker than 
it has been for a long time, and as the company has secured 
an order from the Indian Government for several thousand 
tons of rails for India, there is expected to be increased 
activity for some months to come. 


Blaina.—Mr. P. 8. Phillips has started tin works in the 
old Blaina forge. The furnaces have also been taken by 
Messrs. Spencer and Co., of Liverpool. Repairs are going 
on at the blast engine, and a ramour is current that two 
furnaces will start about the beginning of the new year. 
Mr. Griffiths, formerly of Tredegar, but now of Aberga- 
venny, is the engineer. Messrs. J. Lancaster and Co. 
intend starting the old pit, called the Cinder pit, and 
operations for laying a new railway to the pit commenced 
on Monday. 


Death of Mr. H. Crawshay.—Mr. Henry Crawshay, the 
third son of Mr. William Crawshay, the Iron King, died 
on Monday at his residence in the Forest of Dean. At the 
time of Mr. H. Crawshay’s death, the number of his 
employés at his collieries, mines, and furnaces, could 
hardly be less than 2000 souls. As an employer he always 
lived on the 4 terms with his bebin, “yay and to 
their grievances he at all times lent a favourable and kindly 
ear. 








FOREIGN AND COLONIAL NOTES, 

American Mechanical Industry.—Messrs. Lovegrove 
and Co., of Philadelphia, have received an order from 
Japan for two steam engines. They have also recently 
shipped machinery to Australia and Russia, and they find 
a growing demand for small power engines for export. 
Two 4000 lb. hammers are being erected in the Hames 
Petroleum Iron Works, Titusville, and will soon be in 
operation. These works are the first ever built expressly 
for oil fuel; not a pound of coal will be used. 


New South Welsh Railways.—New South Wales is in a 
fair way of soon becoming the owner of about 1000 miles of 
railway. A line under contract in the western districts is 
that from Orange to Dubbo, a length of 854 miles. Tho 
contract was let July 2, 1877, and the work is to be com- 
pleted to Wellington (56 miles) on January 31, 1880. There 
is a total length of about 32 miles of permanent way laid 
beyond Orauge, but not more than ten miles of it is com- 
pletely ballasted, while as to the remainder, about five- 
sixths of the ballasting hasto be done. The quantity of ex- 
cavation from cuttings and side cuttings on this contract is 
more than 1,000,000 yards. The principal work on the 
contract is the erection of the iron bridge over the river at 
Wellington. The projected extensions in the west are from 
Dubbo to Bourke, a distance of 227 miles, and from 
Wallerawang to Mudgee, 85 miles. There are 63} miles of 
line under contract to Messrs. Amos Brothers in the north, 
namely, the length from Tamworth to Uralla. The con- 
tract was only taken in May of this year, and the work is 
to be completed by May 31, 1882. This is about the 
heaviest contract yet let in New South Wales. ‘The esti- 
mated quantity of excavations from cuttings is 1,700,000 
yards, and from side cuttings, 500,000 yards. ‘There is also 
to be a large bridge across the Peel river, at Tamworth, 
consisting of 98 spans of timber, with one central iron 
girder, having a span of 150ft. Upon this length also 
there will be two tunnels to construct, one of them being 
165 yards in as and the other 220 yards. From 
Breeza to Gunnedah there are 26 miles still in the hands of 
the contractors (the executors of the late Mr. William 
Watkins.) The whole of the ;yermanent way has been laid, 
and the station yards and works are — finished. The 
Legislature has made financial provision for an extension 
of the line from Gunnedah to a point ite Marrabri, 
60 miles, and from Tamworth to Tenterfield, 203 miles. 
Messrs. Amos Brothers have a short length of 44 miles in 
hand on the Southern line, namely, from North Wa 
across the Murrumbidgee, into South Wagga. The bridge 
across the Murrumbidgee will be the longest and most ex- 
pensive in Australia. 

Tides in Mines.—Dr. Braumuller, an Austrian mining 
engineer, states that in the subterranean waters of the 
Fortschritt coal mine, in the Dux district, Bohemia, 
tides have been observed for the last six months. The 
Berlin and Vienna Academies of Science are devoting 
much attention to this phenomenon. 
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The Orient ee have been concluded 
between the Orient Steam Navigation Company and the 
Pacific Steam Navigation ay (of Liverpool) under 
which the two companies will run steamers fortnightly 
between London and Australia direct, commencing in 
January. Hitherto the steamers of the Orient Line have 
sailed at intervals of four weeks. The magnitude of tbe 
trade, and the increasing degree in which the Australian 
colonies are attracting our surplus population, are believed 
to justify the extension of the enterprise. The extended 
service will retain the name of the Orient Line. 


Queensland Railways.—The Queensland Government 
a ee to devote 124,200/. to the completion of trank 
ines already authorised, and 1,170,000/. to 390 miles of 
additional railway calculated at 30001. a mile, and divided 
equally between the Southern, Central, and Northern lines. 
This will carry the Southern line 60 miles probably south- 
west of the Mitchell Downs Station, the Central line close 
to the Alice river, and the Northern line to the good 
country some 80 or 100 miles beyond Charters Towers. 
For the completion of branch and coastal lines which are 
authorised a sum of 292,9001. is allotted, and 416,0001. for 
the construction of seven other branch lines at an estimated 
cost of from 25001. to 40001. per mile. The branch lines 
proposed to be constructed, are: Brisbane to Sandgate, 13 
miles; Ipswich to Fassifern, 30 miles; Southern and 
Western Trunk {line to Mount Esk, 42 miles; Mary- 
borough to Burrum, 18 miles (the object of this line is to 
help the development of a valuable coal district) ; 
Toowoomba to Highfields, 12 miles ; Warwick to Killarney, 
30 miles ; and the Central line towards Clermont. Thus a 
total of 2,023,200. is proposed to be devoted to the work 
of Queensland railway construction. 


Swiss Anthracite.—The introduction of American 
anthracite coal into Switzerland has had the effect of 
directing the attention of Swiss engineers to their own 
mines. Americans have taught .hem that anthracite is 
excellent fuel, and they have learnt how to use it. Now 
they urge that it would be possible to mine the large amount 
of coal (almost 500,000 tons per annum) hitherto imported 
by them from their own anthracite coal basin. Experiments 
with Calais coal for regenerating steam in a locomotive 
which was sent to Paris by the Philadelphia and Reading 
Railroad Company are stated to have been successful. 

Death of Mr. F. Bell.—The death is announced of Mr. 
F. Bell, M.1.C.E., city engineer of Sydney, New South 
Wales. The pes gentlemen was appointed some 
seven years since to succeed Mr. E. Bell as city engineer 
“ 8 “y and soon after he entered upon the duties of 

is office he 


turned his attention to the Botany watershed, 
with a view to improving its storage yy 6 
e 


The borings 
which he had le over different parts o! shed proved 








the truth of the theory then held by many that the water- 
shed consists of an immense bed of drift-sand, varying in 
depth from 100 ft. to 120 ft. or more, and that the sand 
was capable of retaining an enormous quantity of water. 
The Sydney Municipal Council was contemplating about 
this time an expenditure of 25,0001. in the construction of 
adam of masonry to back up the water of the Lachlan 
Swamp, parallel to the wick-road. The uselessness 
of adam of this kind, under the circumstances, was pointed 
out by Mr. Bell, and under his advice a dam of sand with a 
core of clay was substituted. This dam proved so success- 
ful, and answered the purpose of impounding the surface 
waters so well, that other dams ona similar plan were made, 
while existing dams were greatly increased in size. Since 
these works were carried out, Sydney has had a largely in- 
creased supply of water, while portions of the suburbs, 
previously unsupplied, have had the water supply 
to them. With many other works connected with sewerage 
and water, Mr. Bell’s name is honourably associated. 
Previous to entering the service of the Sydney Corporation, 
he constructed several public works both in New South 
Wales and in Victoria. 

Iron Ore in the United States.—The Americans appear 
to be collecting iron ore from all directions. Thus the 
Edgar Thomson Steel Works, Pennsylvania, have imported 
iron ore as follows for use in a blast furnace now in process 
of erection : 200 tons from Spain, 200 tons from Carthage, 
200 tons from Egypt, 200 tons from Ireland, and 200 tons 
from Pilot Knob, Missouri. 


The Turkish Navy.—A small beginning has been made 
towards reduced expenditure in the ,Turkish naval depart- 
ment, and towards realising some parts of the mass of use- 
less material which lies about the Golden Horn encumber- 
ing the arsenal space or rots forgotten in some outport. 
Four river steamers which constituted the fleet of the 
Turkish Danube line have been put up to auction. At the 
same time the Turkish Admiralty has sent Colonel Ahmet 
Bey to Rustchuk with orders to sell seven schleppes and 
two steam tugs belonging to the Ottoman Government 
which are now lying in the Danube. 


The Great Cities of the World.—The largest cities in 
the world have the following population : London, 3,500,000; 
Paris, 1,851,000; Vienna, 1,191,000; New York, without 
Brooklyn, 1,060,000 ; Berlin, 1,044,000 ; Canton, 1,000,000; 
Shanhowfoo, 1,000,000 ; and Singanfoo, 1,000,000. 


’ Steel Rail Making in Pennsylvania.—The Cambria 
Iron Company, at Jo wn, Pennsylvania, is erecting a 
new engine in its steel rail mill. The engine is a Porter 
engine,|40 in. diameter of cylinder and 4 ft. stroke, and it is 
intended to be run at a speed of about 100 py me 
minute. It will be connected with the roll train di ly: 





extended | will be 


A new stand of roughing rolls is to be erected, but the 
same stand of finishing rolls will be retained. When these 
improvements are completed itis expected that the capacity 
of the mill will be greatly increased. 

Coupling Cars.—A new car coupler has been invented at 
Springfield, Massachusetts. The arrangement is a com- 
bination of links, such as are now in use on freight cars 
which automatically fit into each other by means of hooked 
pins, which weigh some 16lb. each. One feature of the 
invention is that it works on cars of different heights as 
easily as upon those of the same height. No men are 
needed to work it, and the additional cost over the presen 
style of coupler does not exceed 8s. per car. 


South African Railways.—A proposed deviation on the 
Uitenhaye line by which one iron bri ge over the Zwartkops 
i made to serve instead of four wooden ones at pre- 
sent existing, leaves the present line at a point about 
a mile from the Dispatch Woolwash, and follows the course 
along the left bank of the river to the toll, near which 
the metals are carried over an iron bridge. The estimate 
for the deviation, including the bridge, is 12,0001. An en- 
ay sent down to inspect a proposed route for a railway 

tom Pretoria to Delagoa Bay, has reported that the route 
was perfectly feasible up to the point he had reached, 
and he hoped soon to reach Delagoa 


0 the 


Bay. 

The Russian Navy.—Several additions have been mad® 
recently to the Russian Imperial —. . Thus a light sail 
ing war clipper named the Strelok been launched at 
Cronstadt, and the construction of a similar vessel has been 
commenced. These swift vessels are chiefly intended for 
distant ocean sailing, while the Baltic navy has hitherto 
consisted mainly of large ironclads desired for home defence. 
Two new half ironclad frigates, the Admiral General and 
the Duke of Edinburgh, may be classed with the vessels 
intended for ocean service. The Strelok is 207 ft. long by 
33 ft. wide, and her displacement is equal to 1334 tons. 
She carries three 6-in. deck guns on movable platforms 
capable of firing from either side; and apart from these 
the vessel will have two four-pounders on each side. Her 
engines, of the composite system, are of 1500 horse power. 


Canadian Railways.—Interest is taken at Montreal in 
a new project of an air line railway between that city and 
St. Paul, Minnesota; vid Saut Sainte Marie. The 
Canadian Board of Trade has issued a supplementary 
report based on official data, showing the saving of 
distance by the new route, over that vid Chicago, to be 
262 miles, with a further shortening of 20 miles by a link 
to connect Aylmer with Portage Du Fort. A railway is 
proposed to be built from Windsor to Essex Centre, to 
connect Detroit with the Canada Southern Railway. The 


whole of the share capital is stated to have heen subscribed. 
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THE CERRO: DE PASCO MINING DISTRICT; 








CERRO DE PASCO, PERU. 

CERRO DE Pasco is situated on the Andes range 
of mountains in South America at an elevation of 
14,500 ft. above the sea level, and ‘about 150 miles 
west of Lima. The town contains some 20,000 in- 
habitants, all more or less connected with the silver 
mines of the neighbourhood. Callao is the shipping 
port for Lima, Cerro de Pasco, and the adjacent dis- 
trict. 

Up to a recent date a bridle road or mule track 
was the only route between Lima and Cerro de Pasco 
whereby goods or machinery could be transported, 
and this limited the size and weight of every package 
to asingle mule load, the maximum weight of which 
could not exceed 300 lb.; it is preferred by the 
mule drivers to take two articles of 150 lb. each, 
which may be slung on either side the mule, to one 
weighing 275 lb., because the mule carries his 
double load more easily, and the difficulty of loading 
and unloading is vastly diminished when light 

es are carried, and when it is borne in mind 
that several days were occupied by the journey this 
becomes an important consideration. 

The nature of the country makes the transport of 
all materials extremely difficult; at one point of 
the route an elevation of 16,000 ft. has to be sur- 
mounted, and at several places the track would admit 
of only one mule passing ata time. 

The above-named route is now nearly out of date, 
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the Oroya Railway, which has been constructed from 
Lima to within 90 miles of Cerro de Pasco, takes the 
bulk of the trade as far as it goes, and the last 
90 miles is still done by mules, which limits the 
usefulness of the railway, and is very little help to- 
wards diminishing the enormous cost of transport. 

The cost of mule carriage from Callao to Cerro 
de Pasco was equal to 3/. 15s. per mule load, or 
271. per ton, and the cost is now very little less 
by railway and mule. The new railway has been 
constructed in a very ingenious manner, and 
gullies are crossed and rock pierced in a manner 
only seen in precipitous mountain districts, The 
gradient is surmounted by means of zigzags. 

The climate is remarkably healthy, extremes of 
temperature are unknown, but constant and rapid 
changes take place, snow and sunshine alternating, 
the former very rarely lies upon the und more 
than a few hours at a time; high winds are seldom 
heard, the normal condition of the ea being 
extremely tranquil. Thunderstorms of a violent 
character, but of short duration, are frequent, and 
deaths by lightning are comparatively numerous. 
Earthquakes, although destructive and violent on 


the coast, are as rare as they are in England, the 
enormous weight of the mountains seeming to 
act as the weight of a safety valve on the volcanic 
region. The engravings above give a good idea of the 

the town, The barometer at Cerro 


appearance of 
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de Pasco stands with little variation at 17.30 in. to 
18 in., which gives an atmospheric pressure of 8.5 lb. 

r square inch as against 14.7 lb. at the sea level. 

ater commences to boil at a temperature of 
186 deg. Fahr., or 26 deg. below the boiling point at 
the coast. 

Cerro de Pasco lies about the centre of a rich 
mineral district which bears every indication of 
being the crater of an extinct volcano ; it contains 
copper, lead, tin, and silver ores in vast abundance, 
the latter metal being that chiefly worked ; the other 
minerals named are practically of little value owing 
to the difficulties and expense of land carriage, 
Coal in great abundance and of almost all descrip- 
tions, from bog coal and cannel to semi-bituminous 
or anthracite, is found a few miles from Pasco, and 
is carried on the backs of llamas driven in droves 
like sheep ; each llama carries about 1001b, The cost 
of coal delivered at Pasco is about 2/. 10s. per ton. 

The two principal argentiferous veins of the dis- 
trict cross one another at the town of Pasco at an 
angle of about 70 deg. ; the first or leading vein runs 
from north to south to an ascertained length of 
about 3500 yards by 130 yards wide, the other rans 
in a west-north-westerly direction ; the length has 
been traced for 2100 yards, and breadth 126 ae 
from these main arteries smaller veins branch 
off in all directions, 

The silver mines so called are mere surface work. 
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ings, more like enlarged rabbit warrens than any- 

else ; some are entered by surface holes often 
covered by the miner’s hut and from holes excavated 
on the premises of the mineowner. These holes 


only establishment where steam power is employed. 
The above sketch of the several processes of reducing 
the ore to the silver of commerce will make it under- 
stood that the grinding process is of considerable im- 


frequently ‘“‘cave in” and bury the unfortunate | portan 


Cholos. The mining, such as it is, is done by the 
natives, a diminutive race of Indians ; the silver ore 
(which is in appearance a kind of brown gravel) is 
brought to the surface by these men on their backs 
in leather bags or skins. Europeans or natives of 
the low countries are incapable of prolonged exer- 


tion in the rarefied otneueere of the Cerro; a 
difficulty of breathing ually prevents new 
comers from active exertion, such as they have been 


accustomed to in localities of moderate elevation, 
and this will be more readily understood when it 
is borne in mind that Cerro de Pasco is within 500 ft. 
of the summit of Mount Blanc, The ore contains 
from 30 to 60, and sometimes more, per cent. of 
silver, and when brought to the surface is deposited 
ina heap near the hacienda, preparatory to its 
undergoing the first process, which is grinding by 
immense edge runners of granite 8 ft. to 10 ft. or 
12 ft. in diameter and 18 in. to 20 in. wide. These 
stones are quarried at about 40 or 50 miles from 
Cerro de Pasco and are transported over a rough 
country in rather a singular manner, and illus-' 
trated on page 429. A square hole is made in 
the centre of the stone, a long beam wedged 
in, projecting about 3 ft. through the stone, at 
the other end of the beam a small rough kind of 
wheel is put on revolving on the beam, this also 
has about 3 ft. of the beam projecting through it, 
and a bridle chain is looped over the two ends ; then 
a team of 24 to 26 oxen and bulls are yoked on, and 
as many as 48 oxen may be seen occasionally yoked 
to one stone. In this way the stone is dragged 
over a wonderfully rough country; and the descent 
of steep places is no less singular. The stone is 
brought carefully to the edge of the declivity, the 
oxen yoked the opposite way, then a lever tilts it 
over the edge, andthe bulls ease it down backwards ; 
sometimes the stone proves too heavy and over- 
wers the bulls, dragging the whole team down the 
iliin a‘helpless mass. The treatment the poor 
animals get at the hands of the natives is abominable, 
but the drivers manage them wonderfully, and seem 
to be able to get the stones over almost impossible 
obstacles. Each of these stones will last from six to 
eight months according to quality, and when worn 
down to about 5 ft. diameter, they are taken out and 
converted into bottom stones or saucers, The cost of 
these stones is a very heavy item in the expenses of 
the hacienda or establishment, the value in place 
being nearly 80/. each, 

The ore is ground in the saucers by the edge 
runners, till it is sufficiently fine to flow away with 
the water into receivers over the edges of the saucers ; 
a constant supply of water is given while the 
grinding process is going on, After the ore is ground 
as described it is conveyed to circular yards ¢alled 
“circos,” each about 36 ft. in diameter, paved with 
stone, and enclosed by a dwarf wall about 3 ft. to 
3.6 ft. high. (See illustrations on page 428.) The 
ground ore is spread over the entire floor of the 
circos in the shape of thick mud to a depth of 
some inches, the whole is then closed with salt, 
lime, quicksilver, copperas, and water. Light 
horses or mules are brought into each circo 
and driven round and round to mix the whole up 
together ; the driver stands on a stone in the Gentre. 
This process is continued during thirty or forty days, 
the stuff is then washed in a running stream 
between the circos, in which pots are placed at in- 
tervals to catch the metal, and when collected from 
the pots it is filtered through large cone-shaped bags 
suspended from the roof of the buildings ; the bulk 
of the mercury is by this means allowed to drain off 
into vessels placed to receive it, and is recovered for, 
future use ; a large percentage is of course lost. The. 
residuum is turned out on a skin-covered table, and 
moulded into brick-shaped cakes, which are: piled 
upon the floor in the form of a cylinder, and then 
covered by a wrought-iron bell open at the bottom ; 
a charcoal or coke fire is then built round the bell, 
and the quicksilver remaining in the amalgam is 
driven out by the heat and falls into receptacles 
placed beneath to receive it. The silver which re- 
mains has a porous and beautifully frosted appear- 
ance, and is taken to the smelting-house, sumget apa 
ran into ingots or bars, when it it ready for the mar- 
ket. The machinery Ss Pe at the mines is chiefly 
for grinding the ore, and all the haciendas except the 


ce. 

At a depth of 150 ft. to 200 ft. water is met with, 
and the deepest workings have yielded the best ores. 
Many attempts have been made to drain the mines 
by pumping machinery, and much was done with 
that object, shafts sunk, and machinery erected ; 
but difficulties of transport, the apathy of the 
Peruvians themselves, and jealousy of foreigners, 
have hitherto made all these attempts abortive. 
Ores of great richness are known to exist below the 
water level. It is stated that some years ago an 
iron bucket was fished up from the bottom of a 
shaft coated with silyer-like thick electroplate. 

The 8 for reducing the ore, it will be re- 
mar are of a rude and primitive description. 
The difficulty and expense of introducing anything 
new or uncommon into this region is extremely 
great, chiefly owing to the wonderful stupidity and 
ignorance of the native Indians, who are capable 
only of doing the meanest labour ; they are, in fact, 
little better than beasts of burden. Europeans 
have to be sent out expressly to erect machinery, 
and the cost of passage out and home, the high 
wages paid them, 12s. per day to fitters, smiths, and 
masons, and the difficulty of controlling these men, 
where there is no competition, offers very serious 
obstacles in the way of all improvement. Various 
attempts to drain the district have been made, and 
ended in failure ; the last and best scheme, that of 
Mr. Meiggs, was brought to an abrupt stop by the 
death of that gentleman; this scheme was an adit 
driven at a sufficiently low level to drain all the 
mines. It will be resumed some day, and then the 
vast wealth of the district will be developed. Salt 
mines are worked at a distance of a few leagues 
in the same primitive fashion as the silver mines. 

The collieries are wonders of abundance. One 
colliery is a mass of coal of unknown depth and 
thickness worked by free level; all the coal is 
brought out on the backs of the miners, except at the 
colliery of the Hacienda Esperanza, where a light 
hanging railway is in use, and this has only lately 
been introduced. The fact of therailway not being 
completed from Lima is seriously detrimental to the 
welfare of the place. In the hands of Englishmen 
or Americans this wonderful region would have 
produced untold wealth, but in the hands of Peru- 
vians no progress can be hoped for or expected. 
Nature’s gifts are most abundant. Mineral wealth 
of all kinds is there ready to hand; all that is 
wanted is rapid and cheap transport to the coast, 
hut while the vain Peruvians are electing or depos- 
ing presidents, fomenting revolutions, and making 
war on neighbouring states as vain and insignificant 
as themselves, the development of the mineral re- 
sources of their country is neglected, and the energy 
and capital of foreigners who attempt it are wasted 
and made abortive by the crass ignorance of a proud 
and indolent race of people by whom it is the mis- 
fortune of the country to be governed. 








ENGINEERING PRECEDENTS. 
By J. Ricnarps, 
(Continued from page 374.) 
WOOD-CONVERTING MACHINES —continued, 

On page 18 of Bentham’s patent of 1793, mm the 
section headed ‘* Working by a Rotative Motion of 
the Tool,” the opening remarks afford a very clear 
description of the state of the art of wood convert. 
ing at the time. Bentham’s facilities of observation 
werevery extended both in this and other countries, 
and taking all circumstances into account, it is a fair 
conclusion that working by a ‘“‘rotative motion 
of tools,” which includes nearly all of our mo- 
dern processes, was scarcely known at the time 
these remarks were written. He says, ‘‘In the 
case of circular saws, not to mention boring and 
grinding, tools working by a rotative motion have 
ady been used, as I understand, in a few instances, 
such as cutting timber into boards, cross-cutting 
logs for firewood, cutting mortises for ships’ blocks, 
cutting the teeth in cog-wheels, and other slight in- 
dentures in metal. But the idea of adapting the 
rotative motion of a tool with more or less advantage 
to all sorts of substances and shapes that can be re- 

uired is my own, and as I believe entirely new. 
T place it accordingly among the inventions of which 
I claim the exclusive ey in so far as it has not 
yet been reduced to practice by others, and in as far 
as the contrivances here described afford sufficient in- 





Hacienda ranza use water power. The latter is 
chiefly wind and managed by English, and is the 


struction for producing the effect.” Here we find, 





after a preamble setting forth the state of the art, a 
broad aim for a mode of operating, qualified how- 
ever in the most careful manner by excluding ‘‘ what 
others had reduced to practice,” and what his 
specification failed to convey. It will be excusable 
in this connexion to remark that in mechanics as well 
as in his official and private life, Sir Samuel Bentham 
seems to have ever exercised a most careful and con- 
scientious regard for the rights and claims of others, 
and in many cases, most notably in respect to the 
block-making machinery made for the Portsmouth 
Dockyard, and now in use, he disclaimed many in- 
ventions and improvements which no doubt of right 
belonged to him, hence there is no risk whatever in 
taking his estimate of the state of wood-cutting 
as an art in 1793, and as entirely correct when 
he says that in a few instances only rotary tools 
had been employed for converting wood. Sawing 
and boring were perhaps all that had been ‘ reduced 
to practice,” and the various processes of shaping 
wood by rotary tools may so far as he describes 
them be attributed to himself. 

After describing in a careful manner how to con- 
struct saw-benches, or machines with a horizontal 
spindle, gauges for straight and taper work, he 
goes on to explain rabetting, grooving, and so on in 
the following words, “‘To make in any piece a cut 
of a given depth which shall not go through, and 
which I call a score, you have only to adjust to the 
depth required, the my me to which the saw through 
its slit projects above the bench, which is done by 
making either the bench or the spindle to rise or 
lower at pleasure. If after having made such cut, 
which does not go through the piece, you turn the 
piece so as to give another cut, meeting and making 
an angle with the former cut, you may thus cut out 
a portion of the piece altogether, leaving in it a sort 
of channel which is called a ‘ rabbet.’ By cutting on 
two different sides two such rabbets, you may leave 
between them a projecting part which is called a 
tongue ; and a tenon at the end of a piece is the same 
thing as tongue at its side. To cut a parallel siding 
groove, or channel, you have only to make the 
circular saw (to use the name I call the tool by 
wherever its effect depends upon a degree of thick- 
ness greater than what is necessary to give it 
strength) the circular cutter of the thickness requi- 
site to form the breadth of the groove.” 

The quotation just given is taken from a lengthy 
description of various operations which can be per- 
formed on a saw-bench, or a machine with one 
spindle on which can be placed various tools, as the 
last paragraph and other sections explain. The 
diagram, Fig. 10, will serve to illustrate the general 
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method of working, or rather the ordinary construc- 
tion of modern machines ; @ is the main frame, c a 
saw, ¢ a frame on which the saw spindle is mounted 
and arranged to slide up or down, m a piece of wood 
from which a triangular section is being cut out, x 
a piece with a groove sawn out. 

In respect to these saw-bench operations, if we 
may class them under that head, it might be claimed 
for European practice at the present time that they 
comprise at least one-half of all that is done in any 
but the larger class of works. 








Fig.l. 
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In further treating upon these operations, 
Bentham, after describing how dovetail grooves can 
be sawn out witha common saw or tool, proceeds to 
explain the method of ‘forming dovetail and T 
grooves by means of conical other cutters, as 














indicated in Fig. 11, where a is the piece of wood, 
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ea T cutter, and ca dovetail or conical cutter, m 
and # areithe spindles. The cutter c will of course 
cut its own through the wood, but in the case 
of making an angular groove with a cutter as at e, 
a groove is first formed to admit the cutter shank 
at o. This operation is performed in setting hard 
wood faces on plane stocks, technically called ‘“ box- 
ing,” because boxwood is used for the purpose. 
explaining . these methods, the inventor says, 
‘‘ Another method of cutting out dovetail grooves 
may be by a mandrel turning in a collar (journal), 
and at the end of it furnished with a conical cutter, 
the diameter of which at the furthest end shall be 
equal to the depth of the dovetail, and the sides 
bevelling according to the angle of the dovetail.” 

For convenience it is recommended that the man- 
drel be placed vertically in the machine, and careful 
instructions, too long for quotation, are given in 
respect.to holding and moving the timber. In 
speaking of the T cutter, as shown ate, and the 
clearance of the cutter shank at 0, he says: ‘ This 
passage can be made by either of two expedients ; 
one is togive so much of the length of the mandrel as 
enters the wood a power of making its way through, 
for instance, by fluting or forming it into sharp 
leaves, thus making it into a cutter in that part. 

‘‘ The other expedient is by a previous operation 
to form for the reception of the mandrel a prepara- 
tory groove.” 

It will be safe to assume that the employment of 
conical cutters for dovetailing were among the com- 
pleted processes described in Bentham’s patent. 
This process has come down to us through various 
inventions and improvements, each containing no 
doubt some new element of function or arrangement, 
but upon the whole essentially the same, Perhaps 
three-fourths of all the dovetailing machines con- 
structed have operated with conical cutters, and no 
doubt an equal proportion of those which are sure 
to come in-future, will have the same feature. It 
is one of no great value as applied to the commoner 
forms of work, because of the exactness and conse- 
quent expense of the cutters, also because of their 
small diameter, and the limited speed at which the 
edges move for that reason. 

In respect. to what is called moulding or con- 
tinuous planing by means of rotating knives, 
whether for flat or figured surfaces, there will be no 
risk in assuming that at the time of Bentham’s 
invention in wood cutting this process was un- 
known. After sawing itis the most important of all 
operations in wood converting, measured either by 
that portion of wood-cutting machinery which can 
be classed under the head of rotary planing imple- 
ments, or by the amount and value of the saving 
effected by such machines over hand labour. For 
this reason especial attention is called to the quota- 
tions which follow, and particularly to those parts in 
italics, which have been so arranged to invite critical 
notice. 

The general operation of rotary planing will be un- 
derstood by referring to Fig. 12, where ais a piece of 








Fie. 12. 


wood, ¢ ¢ are knives or cutters fastened by screws to 
a block or head ¢, revolving on a spindle m. As 
drawn, the diagram shows the w being passed 
over the top of the cylinder, which was at first the 
common mode of operating, and arose no doubt 
from the method of making machines, or rather from 
attempting to do all kinds of rotary cutting on saw 
benches, or machines of analogous construction. At 
the present time the most common method is to pass 
the timber beneath the cylinders, its gravity assisted 
by springs or weights keeping it down upon an un- 
yielding bed or table, so that not only is the shape 
or profile given, but the piece is made parallel at 
the same time by passing between the table and 
cutters, 

On the other hand, when planing is performed 
on the top of the cutters, the faces of the timber 
before and behind the cutter rest on a table, so 
that a constant amount is cut from the side being 
worked, and the piece is not made parallel. There 





are some exceptions to this in practice, but this ex- 
planation will be sufficient to render the following 
quotations clear to the reader : 

“If the circumference of a circular cutter be 
formed to the oh * of any moulding, and pro- 
jecting above the bench no more than necessary, 
the piece being shoved over the cutter, will thus be 


In|cut to a moulding corresponding to that of the 


cutter, that is, to the reverse of it, just asa plane-iron 
cuts its reverse. Accordingly, teeth of such cutters 
may be considered as so many plane-irons. If a 
plain cutter, such as that spoken of for cutting a 
groove in the breadth of a piece be made so thick, 
or as we might be apt now to say so broad or so 
long as to cover the whole breadth of the piece, it 
will present the idea of a roller. I accordingly call 
it in this case a cutting roller; it may be employed, 
and in many cases with great advantage, to perform 
the te of a plane. 

‘‘ The recollection of what has been said of the 
manner of producing a waving or winding surface 
by a rectilineal reciprocating saw, may be sufficient 
to suggest the means by which similar effects may 
be produced in much greater variety by a rotary 
cutter broad or narrow, plain or formed to a mould- 
ing. I shall speak only of the cutting roller, it will 
be easy to apply the observation to the other cases. 

“Tf a roller of this sort be placed with its axis 
horizontal, and the bench underneath it be made to 
rise or lower, the bench may be very readily adjusted 
so.asto determine the thickness to which a piece may be 
reduced by being passed under the roller. 

‘‘Itis to be observed that when the track of the 
piece is under the roller the influence of the rota- 
tion on the advancement of the piece is the reverse 
of what it is when the track of the piece is above 
the roller. . . . Whether the axis of the roller be 
horizontal, perpendicular, or oblique, the piece by bein 
passed against tt so as to receive its figure, may be made 
to receive not only a flat and even surface, but any longi- 
tudinal curvatare or waving by a compound motion, 
the bench during the advancement of the piece 
approaching and receding from the cutter, and by 
giving at the same time a tilt to the bench or to the 
roller any degree of winding may be given to the 
surface of the piece. 

“7 gain time cutters may be applied to different 
sides of a piece at once, and such of them as make 
parallel cuts may be mounted on the same spindle ; 
if the cuts meet, a piece of given depth may be slit 
by cutters of half the diameter that would otherwise 
be necessary... . 

‘‘ Another mode of composition is to make the 
teeth distinct from each other as well as from the 
cylinder from which they are to project, they will 
thus be separately bedded in the cylinder, taken on 
or off as the occasion may require. This is a mode 
I have practised with particular advantage in the in- 
stance of the moulding cutter and the planing roller 
before spoken of.” 

Forty-two years later,in 1835, a ont was granted 
to Caleb B. Rogers, in the United States, for mould- 
ing pieces by passing them over a “‘ cutting roller,” 
and other inventions of a still later date were made 
relating to passing pieces beneath the cutters as 
described in the specification of Bentham above 
quoted, until the final development of the planing 
and moulding machine as it is call 

The wonder is that Bentham did not employ, or 
describe, for he might have employed, feeding 
rollers to advance the pieces. In that case, and if 
his patent had been known, many thousands of 
pounds might have been saved in America b 
avoiding patents and law troubles relating to suc 
feeding rollers. Why these inventions were not 
put into practical use after the expiration of Ben- 
tham’s patent must constitute a matter of special 
wonder to every one. It is probable, however, 
that as his inventions had at the time a special 
object in providing for the labour of the un- 
skilled prisoners in penitentiaries, the public were 
not only debarred from the usual investigation 
and knowledge of the processes, but regarded 
them ina sense as belonging to the Government. 
Nearly all of Bentham’s professional services were 
given to the Government, and it is likely that he 
neither knew nor cared for the means. usually 
adopted for giving publicity to inventions. It is 
true the country was not ready for his inventions, 
the necessity for them was not felt, and even if 
given publicity they might not have attracted more 
than a fierce opposition ; but all this cannot detract 
from the genius of an engineer who without 
precedent, and by his own clear insight, discovered 
such important processes in 1793. 





The subject of wood boring is exhaustively treated 
in Bentham’s patent of 1793. Five pages are de- 
voted to various kinds of tools and operations 
indicating in every paragraph not only a sound 
knowledge of the principles involved but also prac- 
tical knowledge of the operation of working tools. 

There would not be enough interest in this lon 
dissertation to warrant its reproduction here, an 
we shall therefore only quote sufficient to show 
how nearly modern practice conforms to Bentham’s 
instructions. Previous to ome: some explanation 
of wood boring will enable those not practically 
acquainted with the matter to better understand 
ae im -_ value goto is ep ag 

oring with augers, gimlets, and so on, is simple 
enough, and popularly understood, so that no oa 
tater ge is uired, but boring to considerable 
as in ing wooden pipes for pump barrels 
or for conducting water, is quite a different process, so 
also is boring the naves of carriage wheels, which is 
now-a-days for the most part done after the wheels 
are completed in other respects, 

The common implements for such boring may be 

explained by referring to the diagram Fig. 13; a is 
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the pose to be bored, 4 a thin cylinder of iron or 
steel driven by the pulley c, and provided with 
curved cutters at its end, as shown at d. Inside 
this cylinder, and passing through its whole length, 
is a twisted spiral bar or plate o like that of a 
common auger. This spiral bar is shown by the 
dotted lines, and is driven by a second pulley ¢ in a 
direction opposite to that of the auger or cylinder 8. 
Both of these running parts are mounted in bear- 
ings xn nn, all which are attached to a sliding car- 
riage m thatcan be moved forward by a feed screw, 
rack and pinion, or other device as the kind of work 
and the resistance may require. In some cases, and 
especially in boring transversely to the grain of the 
wood, a screw on the end of the bar o, as seen at i, 
is enough to cause the advancement of the carriage 
mand the cutters. The wood being cut away b 
the curved cutters at d the chips are drawn throug 
the cylinder 4, and discharged at s. The diagram 
being made merely for illustrating a mode of boring, 
is not drawn toa scale, but can be easily understood, 
especially after the following quotations from Ben- 
tham’s specification. 

‘A new kind of borer which I make use of 
consists of a tube of metal open at the hinder end, 
the cutting end differently shaped according to the 
work it has to do, for example, like an auger-bit, 
gimlet-bit, centre-bit, &c, e reason of leaving it 
open at the hinder end is that it may afford passage 
for the chips, for which reason also, if it be put to a 
mandrel, the mandrel must be a hollow one, ... The 
tube itself should of course be as thin as it can be 
made consistently with a sufficient degree of strength, 
and the cutting parts should expand as it were a little 
beyond to clear a sufficient passage. . . . To worm 
out the abraded matter wind about the tube a spiral 
ribbon, which, that it may leave no part of the 
channel unswept, should be of sufficient thickness 
to fill it up as far as the breadth of the ribbon 
extends ; in the same view it should, at the anterior 
of the tube, commence as near as possible to the 
cutting part.” 

It is not many years since these tubular augers 
were in America controlled * peeree, and even 
now the process is far from being one generally 
understood among mechanics. The quotations from 
Bentham’s patent show that tubular boring imple- 
ments he regarded as only a type of boring tools, 
because augers and gimlets are mentioned, he also 
mentions the withdrawal of abraded matter by 
spiral ribbons, so that upon the whole, not except. 
ing ‘‘ expanding bits,” core augers, and other con- 
trivances, we may conclude that the specification 
covers pretty well all that we now know or practise 
in respect to boring in wood. 

(To be continued.) 





SoutH Arrican Rartways.—Mr. Hall, lately main- 
tenance on the North-Eastern Railway of South 
Africa, shortly commence a detailed survey of a pro- 

extension. his absence Mr. Phipps will act 
as maintenance engineer. Works in connexion with a new 
terminal station will be in charge of Mr. A. G. Dalton, 
recently maintenance engineer on a section of the Midland 
Railway of South Africa. 
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THE SPEED OF STEAM VESSELS. 


On the Law of the Power required for different Speeds of 
the same Steam Vessel ; ihustrated, within the Limits 
of Experience, by a Linear Scale of their Relation.* 

By Rosert MAnssz1t, Glasgow. 

THERE is little need for dilating upon the importance of 
this subject ; it will be at once admitted : neither is there 
necessity for any lengthy e: ition of details of the various 
methods and formulas J hich various able men have pro- 
posed and employed when striving with its difficulties. I 

only briefly refer to ‘‘ First Report of the Committee 

of British Association, Exeter Meeting, 1869,” page 21; 
where, in their opinion, after having given ‘‘ an abstract of 
nearly all that is known concerning the total resistance of a 
ship in smooth and deep water,’ this Committee of 
scientific gentlemen, comprising authorities of the standing 
of the late Doctors Rankine and Froude, seem to have 
concurred with their reporter, Mr. C. W. Merrifield, in the 
declaration, ‘We may sum up the result in the broad 
statement that there exists no generally recognised th 
or rule for calculating the resistance of a Many rem § 
rules have been put forth, but they do not agree in their 
form or in their result, and the credit of each consequently 
nee as a practical matter, on the reputation of the 
author.’’ 

There is a preceding statement at 7 a8 follows: 
““ The first formals that occur are the well known coefficionts 
of steamship performance : 

e zaend before Section G of the British Association 





at 





speed? x (displacement)? 
indicated horse power ” 
speed® x (area of midship section) 
indicated horse power : 

As affording a rough measure of comparison, the tabulation 
of these formule for different ships is extremely convenient. 
But they are of very little assistance in settling a theory. 
Even for the same vessel tried under apparently similar 
conditions, these coefficients do not appear to be constant 
quantities. Moreover, the varying y of the steam 
engine and of the propeller, considered as a machine for the 
transmission of power, are inseparably grouped with the 
work of overcoming resistance.” 

These statements are strictly accurate, only, I remark, 
it has long been argued by me* that the perplexing irre- 
gularities of these coefficients is simply a consequence of 
ignoring or a in an approximate solution, 
elements which, modified by the application of known 
mechanical principles, would yield a second aj xima- 
tion — these irregularities, in great part, or wholly re- 
moved. 

Thus, to fix ideas, in considering the first important case 
of the same vessel tried under apparently similar conditions, 

than that of ae 








no better illustration eould be adduced j 
single screw steam vessel H.M.S. Shah, which has 

frequently referred to. According to the Admiralty au- 
thorities, the experimental relation of the power and speed, 
at the same draught and circumstances, was as follows (the 


* Arti ber, 1857 ; “‘ Scottish Shipbuilders’ 
: sony he ey 





‘apers,”’ 1961, &e. 








length of vessel on the water line being 330 ft., and the 
submerged midship area 986 square feet) : 





H.M.8. Shah. 
Power E =| 818 | 772 | 2506 | 7477 |Indicated horses, 
Speed V =| 5.32| 8.01] 12.13| 16.45|Neutical miles. 
Coefficient  =|466.9 |653.8 |702.4 |587.3 att: 








Whether we take the midship area as the form factor of 
the ship’s resistance, or the two-third power of the dis- 
placement, as in the formula first quoted ; the wetted 
surface, as proposed by Bourne and others ; this latter, 
multiplied by Dr. Rankine’s coefficient of ‘‘ augmentation ;’’ 
or even any combination of these: so long as the s is 
taken simply as V*, the resulting coefficients wi ps 
precisely in the same ratio as the above coefficients, an 
will all equally fail to represent the —— of a aoe 
progressive speed tri on one ship. No sati 

reason has been adduced for these fluctuations ; the intro- 
duction of terms with higher and lower powers of the speed, 
NN ee Cees were <6, hee »b 
means of which these might be moderated or remo 
has been proposed, but in an arbitrary and Ey empirical 
manner ; an equation may be formed which may fairly 
suit a few cases, but totally fails in others, besides, in 
soap having a complexity which quite unsuited them 
When, hoboree th foregoing midshi formula has 
ig e ip area form’ 

‘a correction which at bottom is nothing but a 
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very simple application of a mechanical principle which has 
been employed in physical investigation by autho- 
rities in the —— generation, the d equation, 
from its simplicity and thorough p t with experi- 
mental facts, demonstrates its truth in a manner which 
will be more convincing to many than to any reference to 
authority, or m i investigations : both 

looked upon by practical 


systems of recommendation 
men with not unjustifiable le ; 
To simplify the question as much as possible, assuming 
3 
the approximate accuracy of the equation C = , then, 
obviously, for any given speed we should have the corre- 
sponding power by calculating the value, 


u=@V* ae go ae 


Now, suppose if instead of are substitute a single quan- 


tity b, and also replace V* the mantity expressed by 
V, 10%, or, in another nota‘ V log. ~' a V, that is to 
say, the product of the speed and the number whose 
common logarithm is the product of the speed by a small 
constant number a. 
Equation (1) would then be changed into 
E=bV log. “*aV. . + «+ (2) 

Or, again taking the | ithms of both numbers give 
the most suitable form for calculation, 


log. E=log. b+log. V+aV. . . «+ @) 


This latter form may be qaenied and laid off, once for 
all, on a linear scale or c eS one wh Ot ennee 
mento to be af ence tesked, Gian iations 
from the most probable values of constants, within 
limits of practical accuracy and withont any calculation, 
Sn bon simple. ‘U; ies of equi 

e construction is very pon a series of equi- 
distant horizontal lines, numbered to resent values of 
the exponential constant a between the limits .06 and .12, 
are laid off the calculated values of log. V+aV, for values 
V from 4 to 20 nautical miles inclusive. Lines drawn 
through the same values of V form the set of converging 
lines crossing the horizontal lines at nearl — angles 
and numbered from 4 to 20 with deci subdivisions. 
These may be distinguished as speed lines. At the bottom 
ia given a logarithmical scale of numbers up to 10,000. 
The least pupeaig way of employing this linear scale, is 
to lay a long slip of plain paper alongside the logarithmic 
scale, and making a mark opposite the commencement, 
put another mark on the edge of the slip opposite each 
power at which the speed has been determined, noting in 
pencil, at each, the corresponding speed. Next lift the 
tlip and holding it horizontally along the horizontal, or a 
lines, move it ” and down. On some particular line the 
power will correspond to the s lines numbered 
the same as the speeds corresponding to those powers, this 
gives the value of a for the particular vessel. Thus, for 
example, in the Shah o ite 318, 772, &c., on the 
logarithmic scale put a and the numbers 5.32, 8.01, 
on the slip of paper. On laying this halfway between the 
.079 and 080 horizontal line, we will find the power marks 
exactly quewecams on the speed lines with the figured 
, yo Roughly — we might take either .079 or 
.080 as the value of a, and with the slip in this position if 
we mark the place where the slip crosses extreme left 
hand or origin line, on transfi 





and b=22.29. Whence it follows, if the statements made 
are correct, the relation of power to speed in H.M.S. 
should be given by the formula 

E= 22.29 V log. ~ + 0796 V. 

Now, the perfect manner in which the power points by 
seale correspond to the speed lines, is direct proof of the 
accuracy of this equation, and those who may not follow 
the construction of the scale can scarcely fail to see the 
striking agreement between the formula values and experi- 
mental facts when these are calculated ont in figures, as in 
the following : 


H.M.S. Shah. log. b=log. 22.29 = 1.3481. 
Trial speeds, n. miles 5.32 8.01 12.13 16.45 
Muitiply by .0796 4258 6408 9704 1.3160 
= x.08 and subtract 21 32 49 66 











= 42350 «= 63769655 1.8094 
log. V = -7259 = 9036 = 1.0839 1.2162 





log. b 1.3481 13481 = 1,3481 1.3481 
Sum,log.E = 2.4975 2.8893 3.3975 3.8737 
Horses, 
»E* = 315 775 2498 7477 
By trial = 318 772 2506 7477 
Differences = 3 +3 8 0 


This is carried to absurdity, and those who un- 
derstand the nature of thefinfluences which surround such 
trials, are qe aware that these figures might have pre- 
sented much greater div ies without necessarily in- 
validating the formula. It is not ey eee that by th 
use of the scale we can determine figures with such 
nicety, but it will be evident, after a very little practice, 
oe ee to read + ae with as near 
as is consistent with the usual limits 

Gheartlinn. cnt whines wish greater accuracy 





as follows: Length on water line, 368; submerged mid 
area, 525 square feet. 
8.8. Merkara. 





Power E =| 299 | 718 | 1225 | 1948 Indicated horse 
Speed V =| 62| 92 11.09) 12.91 Nautical miles. 
Cocfficient© =| 417.5 | 568.8 [585.2 pane = 





Here, as in the former case, marks opposite the respective 
powers on a slip of paper coincide with the speed values 
when the slip is laid along the .0735 line, the correspon 
distance from the beginning of the scale corresponds to 
the value 16.9, and hence the formula in the Merkara case is 
E=16.90 V log.~! 0735 V. 
Calculated out in figures we have, 
§$.8. Merkara. log. b= log. 16.91.2979 











Trial n.miles 6.20 11.09 12.91 
Multiply by .0735 557 
4340 6440 .7763 -9037 
186 276 333 387 
31 46 55 65 
aV =  <Abs57 .6762 8151 9489 
log. V = _ .7923 .9638 1.0449 1.1109 
log. 6° = 1.2279 1.2279 1.2279 1.2279 
Sum, log.E = 2.4759 2.8679 3.1879 3.2877 
Horses. 
"B= 299 738 1225 1940 
By trial = 299 718 1255 1948 
Differences = 0 +20 0 -8 


The slight di at the second speed points to a pro- 
bably Sabalen difference of tidal drift affecting the run 
from which, the speed, deduced by the mean of an up 
down run on the measured mile has been overstated by one- 
tenth of a knot. The power 718 corresponds to 9.1 knots 
instead of 9.2 knots as observed. In a letter to The 
Engineer, May 31, 1878, I gave an example of the method 
of reducing experiments so as to eliminate errors arising 
from tidal and wind drift which the system of our arith- 
metical mean of a double run on the measured mile may 
introduce into speed trials. The vessel there referred to 
under the letter ‘‘ M’”’ is the S.S. Melrose, built by Messrs. 
Steel, of Greenock, and at the trial on the measured mile 
at Skelmorlie on the 12th of May, 1877, the data carefull 
determined by Mr. Thomas Davison when corrected accord- 
ing to the proposed system as shown in that letter, is as 


follows : 
8.8. Melrose. (See Note A.) 





PowerE = 459.4 570.0 


Speed Vv 3 
The power relation is consequently E=2.835 V log. ~! 


.126 V, or calculated out in figures : 
8.S. Melrose. log. b=log. 2,835 = .4526. 
7.59 8.67 


8.67 9.66 10.26 


193,4 305.1 
7.59 

















Trial speed, n, miles 9.66 10.26 
Multiply by .126 
then a = -9563 1.0924 1,2172 1.2928 
log. V = -8802 .9380 -9050 1.0111 
log. d = 4526 4526 4526 4526 
Sum,log.E = 2.2891 2.4830 2.6548 2.7565 
.E = 1946 304.1 451.6 570.8 
By trial = 193.5 305.1 459.4 750.0 
Differences +11 —1.0 —78 +8 


By the investigation in The Engineer referred to, it will 


0796 | be seen that the arithmetical mean of the two runs for the 


first and second speeds given above would in each case 
have given the about .12 knots greater; nota bee 
quantity certainly, but in many cases, and at lower s 
quite poy, might have a much larger positive or nega- 
tive value. Now, it is evident that two correct experiments 
are all that is strictly necessary to determine the constants 
@ and b of the formula, and hence, where opportunities 
offer to make a series of experiments, especially with full- 
powered vessels, those at high speeds are likely to prove 
most valuable, and from the irregularity of drift, whether 
arising from wind or tide, experiments at low s » with- 
out special precautions, are less to be depended on than 
others at more moderate s » 

Again, it is necessary to insist upon a strict account being 
taken of any and every rage of circumstance which 
occurs during sets of trials. Thus, variations in the direc- 
tion and force of the wind, alterations in draught or trim, 
alterations of propeller and other circumstances, have each 
a marked influence on the values of these constants, and 
these changes systematically studied and correlated, would 
soon furnish data to clear up those difficulties and ap- 
parert anomalies so frequently met with in such trial data. 

In illustration : after receiving new machinery by Messrs. 
Robert Napier and Sons, in the spring of 1176, the s.s. 
Warsaw, tried under the influence of a strong beam wind, 
in bad weather, showed results corresponding to the 
formula, E=3.03 V log. —*.110 V, the corresponding speeds 
and powers, as noted by Mr. Shanks, being as follows : 


8.8. Warsaw. 





Observed speeds. | 4.73 | 7.54 9.53 | 10.90) Nautical miles. 
| 


—  — | 








Power by formula} 47 | 154 | 323 | 522 /|Indicated horses. 


By trial diagrams} 47 | 153 | 324 | 525 Do. 





0 ieee —1 | —3 (Indicated horses. 





Differences 














It will be evident, if this vessel had been tried under 
{avourable circumstances, the differences of the constants 





would have furnished someting definite to lay hold of as to 
variations due to wind and weather. Or, again, taking 
another well-known vessel, the Cape line steamer, Dun- 
robin Castle, built by the same firm, and tried about the 
same time, also in indifferent weather. The trials ex- 
tended over two days, and with an increase of about 4 in. 
mean draught on the second day, yet both days results 
seem to point to the same formula : 
E=7.50 V log.~'! .106 V. 

The trial speed and powers, three first in order being on 
the first day, were noted by Mr. Shanks as follows : 





| 
ding | Observed speeds! 5.98) 7.26)9.18} 10.46 10.99) 11.52| N. miles 











Power by for- | 
. 1437 | Ind, horses 





m ane «««| 193) 320) 647) 1006 | 1206 
By trial dia- | 
grams... ««-| 195) 319) 642) 1006 | 1218 | 1433 Do. 
daniel ——_— ——_—$ —_ | —_- ——. 














Differences ~ —2) +1) +5 0 ied +4 Do. 





In both the preceding trials, the figures are deduced 
from the up and down runs without any separation of effect 
of unbalanced drift as with the Melrose, which is a pro- 
bable cause of the differences noted ; boy oe ese 
are ae ifling, and quite within the limits of 
errors of observation. these trials the weather, how- 
ever bad, must have been nearly constant, or such close 
coincidence with the general formula would have been im- 
possible; and they are referred to as illustrating the fact, 
that wind and weather, however indifferent, if they do not 
alter during the trials, do not influence the general form of 
the equation, but only the values of the two constants which 


enter into it. 
(To be continued.) 





PASSENGER STEAMERS ON THE THAMES, 
MERSEY, AND CLYDE, 

Ar the fourth meeting of the session of the Institution of 
Civil Engineers, held on the 2nd of December, Mr. Bate- 
man, F.R.S., President, in the chair, the paper read was 
on ‘* The Passenger Steamers of the Thames, the Mersey, 
and the Clyde,” by Mr. W. Carson, M. Inst. C.E. 

It was stated that the bulk of the traffic by light-draught 
passenger steamers in Great Britain was ied on these 
rivers, and that each port had adopted a practice inde- 
pendent of the experience of the others. On the Thames 
above bridge, small vessels of light draught, moderate 
speed, great stee power, and well under engine control, 
were used, but at the expense of strengthof build. On the 
Thames below bridge, high speed and e carrying power 
led to the employment of long vessels. On this river all 
the lines competed with railway and omnibus routes, 
necessitating lower fares, and inferior passenger accommo- 
dation, and therein contrasting unfavourably with the 
——- and the Clyde. At Liverpool, the service was 
carried on at the mouth of an open estuary, the bulk of the 

rs crossing the stream, a distance of less than 
Eeakion and the = ang Py ee build, short 
length in proportion ,» and great steerage power. 
Onthe Clyde the traffic somewhat resembled that of the 
lower Thames, but the river was more sluggish and there 
was less competition by land. Under these circumstances 
the vessels were superior in passenger accommodation, in 
power, and in the steering ments. 

Some of the latest examples of the vessels employed in these 
three river services were then described, including an‘ above- 
bridge Thames boat, built of iron by Messrs. Samuda and 
Co., and a Woolwich boat, built of iron by Messrs. Westwood 
and Baillie. The chief peculiarity of the ferry boats of the 
Mersey was that they had the bow and stera alike, with a 
rudder at each end, one such vessel, the Claughton, being 
selected for illustration; also the Heatherbell and the 
Waterlily, different types of vessels used in the more ex- 
posed parts of the Mersey. Of the highest class of Clyde 
passenger steamers, a description was given of the Lord of 
the Isles, an iron vessel built in 1877, by Messrs. D. and 
W. Henderson and Co. The screw passenger boats built 
by the engineers of the Clyde trustees, and the steamers 
for the cart and horse traffic, designed by Messrs. W. 
Simons and Co., were also noticed. a 

It was next observed that as river craft, engaged within 
smooth or partially smooth water limits, were not subjected 
to the strains arising from heavy loads and the rough treat- 
ment of sea-going vessels, their proportions and scantlings 
need not conform to those of the latter, which were designed 
to carry up to half as much again as their own weight. 
The severest strains to river craft probably arose from their 
engine power, from the concentration of heavy machinery 
in the centres of the vessels, and from the weights of the 
fine ends which did not provide displacement to carry them- 
selves. The strains, therefore, from load and propelling 
power, were of so moderate a character that they could be 
well taken up without such an increase in the total weight 
as would t the vessels for their special work, which par- 
ticularly demanded speed and a light immersion. In con- 
Saas Sm ultimate strength, it was pointed out that, 
from the long and stormy voyages which many river 
steamers had performed —work aie beyond that for which 
they had been i —their perfect sea-worthiness for 
their proper duty was beyond question. From collision alone 
need danger be apprehended, and its results anticipated in 
their The precautions against this latter danger 
was stated tobe : (1) ‘effective division by bulkheads ; (2) 
defence, especially for cross-river traffic, by comers 
sponsons ; (3) perfect engine and steerage control. The 
steering ought to be performed by steam or water power in 
the large vessels, with telegraphic communication in every 
case between the bridge and engine-room. It was further 
suggested that an effective bulkhead division ought to be 
compulsory, and it would not be unreasonable to require 
that all seats should be fitted loose, and made buoyant, on 
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vessels which carried so great an amount of human life in 
proportion to their tonnage as to render any adequate pro- 
vision of boats impossible. 

In conclusion, it was remarked that, in the absence of 
skilful commanders, the precautions of thoughtful con- 
struction were useless, and immunity from the most press- 
ing risk—collision— must not be e from the 
shipbuilder or the engineer, who could only hope to limit 
the effects of the injuries caused by such accidents. 








INDICATING STEAM ENGINES. 
To THE EDITOR OF ENGINEERING. 

S1r,—Mr. Richardson in his letter to you, published in 
yours of November 21, condemns the use of pipes joining 
the two ends of a steam cylinder with the cocks close to the 
latter. He goes on to say that ‘‘ communication should be 
made to each end by means of a three-way cock.’”’ Both 
these arrangements are, I think, bad and likely to lead to 
incorrect diagrams. 

I have made many experiments with both long and short 
pipes, with indicators in various positions, and I think 
two indicators should invariably be used to each cy- 
linder, and the connecting pipes should be as short as is 
practicable and not too small. With non-condensing 
engines and short cylinders, the effect of the connecting 
pipes joining ends of cylinder and using one indicator is no 
doubt small, and much less than with the long and large 
cylinders of compound and other engines where the pres- 
sures are low. 

The discussion in your columns has been a useful one, 
but I fear many of your readers will not be very clear on 
the subject after so much advice. Will you not, therefore, 
sum up the matter, giving us the results of your experience 
as to the indicators, pipes, and driving apparatus ? 

Another question is whether an indicator should be steam 
jacketted ? 

Professor Kennedy’s remarks in your last issue are very 
valuable. There can be little doubt that indicator springs 
should be tested when any attempt at accuracy is required. 
It would be also interesting to know at what intervals such 
tests should be repeated. 

Yours, &c., 
A MrcHANIcAL ENGINEER. 

December 3, 1879. 





Srr,—As several letters appeared in your last impression 
relating to the indicator, and the connexions for transmit- 
ting and reducing the motion of the engine piston to the 
indicator barrel, I desire to offer some results of my ex- 
perience and practice in this important matter. The annexed 
sketch shows an arrangement for giving motion to the 
indicator, which I have had fitted to several engines I have 
designed, and which seems to answer its intended purpose 





When a diagram is about to be taken, the tongue B is 
allowed to spring into gear with the screw D; and the 
indicator thus receives a reduced piston motion from the 
bobbin A, which is absolutely correct. 

With regard to the liability of vitiating the accuracy of 
the diagram by employing a three-way cock and long con- 
necting pipes to each end of the cylinder, as is commonly 
done, I fully agree with the condemnation passed upon 
the arrangement by Mr. Richardson and yourself. My own 
experience has shown me that the steam passages should be 
as short and direct as possible, and of ample area, in order 
that the pressures in the engine and indicator cylinders may 
always coincide to the nearest possible limit. 

I am, Sir, yours truly, 
Gro. CAWLEY. 

191, Malpas-road, New Cross, S.E., Nov. 24, 1879. 








HARDENING OF STEEL. 
To THE EpIToR OF ENGINEERING. 

S1r,—One of our local papers of Thursday contained a 
copy of Mr. Nasmyth’s letter on the ‘‘ Hardening of Steel,”’ 
which lately appeared in your columns. This gentleman is 
not the first who has expressed surprise that it has not been 
scientifically investigated, and I am afraid that the present 
appeal will pass almost unheeded unless discussion can be 
provoked. 

To assist in this, permit me to give the theory on which 
for twenty years the writer has based his practice as a 
steel maker. Premising that it is not an attempt to give 
‘**the reason why’’ (an unfortunate phrase), but to refer the 
phenomena to a general law. 

1. The “‘ hardening of steel’’ is the change of the carbon 
contained in it from an amorphous toa crystalline state, in 
other words that carbon in hardened steel is in precisely the 
same form as it exists in the diamond. 

2. That the increase of carbon in harder tempers of steel 
does not, when these are hardened, increase the size of 
the crystals, but multiplies the number. 

3. This change may be thus accounted for : When a piece 
of red-hot steel is immersed in water, a portion of water is 
decomposed ; the hydrogen combines with the carbon, 
crystallisation resulting; the oxygen combining with the 
oxide on the surface of the heated steel forms another 
oxide with less affinity for the steel, and which falls away 
in “ water, leaving the steel quite clean and free from 
scale. 

That crystallisation of carbon alone is the cause can be 
supported by a number of facts, a few of which only can in 
this note be indicated. Further remarks will be gladly 
given to any one who thinks the subject worth pursuing. 
Let us note: the extreme hardness of the diamond and of 


‘hardened steel ; the temperature at which and the manner 


in which this hardness can be dissipated; the power of 
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admirably. The sketch itself illustrates the idea sufficiently 
clear I think without much verbal description, as it may 
be seen that the motion is reduced by two screws having 


different pitches—in fact, having a pitch ratio= © » where 


L=the stroke of the piston, and [=stroke of indicator 
cord inthe same unit of measure. It is easily demonstrated 
that, providing the screws D and C have a non-varying pitch 
or a pitch of similar variation, the motion of the bobbin A is 
reduced from the motion of the crosshead guide B with 
absolute correctness. 

The screw reducing arrangement and the cocks H and I 
are fixtures on the engine, and are, therefore, always in 
readiness for taking a diagram. The details of the arrange- 
ment may be thus briefly described: A is a friction-bobbin 
and finger-wheel firmly attached to the sliding rod E. 
the bobbin is wound the cord F, giving motion to the indi- 
cator, and its length can be adjusted by simply turning the 
finger-wheel. The friction of the bobbin must be sufficient 
to prevent it being unwound by the pull due to the spring 
in the indicator and barrel. B is a movable tongue or nut 
working into the screw D, and can be put in or out of gear 
by turning the circular bolt-head shown in the sketch, 














refracting light in both indicating the presence of a small 
portion of hydrogen. The fact that true hardening, as 
distinguished from mere “ chilling,’ is only possible in a 
liquid containing hydrogen, and that we can thus account 
for this peculiarity in harmony with a form of carbon 
y known. 
I am, Sir, yours truly, 
Wm. Woopcock. 
19, Midland-road, Heeley, Sheffield, Nov. 22, 1879. 


SCREW PROPELLERS. 
To THE Ep1ToR OF ENGINEERING. : 

Srr,—It was with much interest that I read in your issue 
of November 21, the paper on screw propellers, by the Hon. 
R. C. Parsons. The opinions therein expressed as to the 
best means of improving the screw propeller so fully agree 
with those I have for a number of years held that I will not 
take up your space with a repetition, except to say that in 
the discussion on the paper on screw propellers, by Mr. 
Rigg, read before the Society of Engineers in 1868, I showed 
on the black board approximately the correct ry of screw 
and guide blades, the same as illustrated in the present 
paper. Since then I have frequently advocated to ship- 








builders and engineers the adoption of these improvements, 


= connsoyetane: Das ane i _— it is. in the rad that 
@ present paper may thoroughly awaken their interest in 
this direction 


T hail its appearance with great pleasure. 
In my proposals I have always insisted upon ve a 
ring surrounding the propeller and cast in one with it (or 
otherwise secured to it) so as to insure strong blades when 
made very thin, and therefore to materi reduce the 
resistance to their passage through the water. I would, in 
fact, in the construction of a propeller, treat itas if it were 
a turbine, only bearing in mind that in the former case the 
ropeller has to’ give motion to the water, whereas in the 
atter the water gives motion to the turbine. 

No apr of experience with turbines would ever 
dream of obtaining good results with them if the guide 
blades are omitted ; and when pro rs come to be rightly 
constructed I expect to find nearly as good coefficients of 

rformance with them as with bines. It is not un- 

ikely that when the benefit of coarser pitch and slower 
speed becomes fully ised, that we shall have to re- 
turn to geared engines, t.e., fast-going engines driving 
slow-going propellers. z 

The o int in connexion with this new plan of pro- 
peller of which I have any doubt is, as to its power of back- 
ing, and it would be interesting if the author of the paper 
would kindly say if he has e@ any experiments in that 
direction. 

_ Avery important point which I do not see touched upon 
in the paper, is the greatly reduced liability to fouling with 
ropes, &c., and the almost ne py from the so common 
accident of having one or several of the blades knocked off. 


ours 
London, November 26, 1879. Ww. 


TIDES IN MINES. 
To THE EDITOR OF ENGINEERING. 

Srr,—The assertions which have recently been made 
ar | tides in mines, and to which you allude in a 
paragraph on page 423 of your last issue, are simply 
nonsense. In drowned mines fluctuations of the level of 
water in pits have, however, been frequently observed in 
cases when air was left enclosed in remote portions, and 
compressed there by the weight of the water over it. 
Each barometric change of the atmosphere affeets this air 
by allowing it to expand, co — to raise the water 
level with a falling barometer ; and to condense, consequently 
to make the water level sink with a rising barometer. In 
mines quite full of water such fluctuations have never been 
observed. 

Bonn, November. 


LOCOMOTIVE CRANK AXLES. 
To THE EDITOR oF ENGINEERING. 

S1r,—In answer to your Dublin correspondent’s letter 
on the subject of locomotive crank axles, I beg leave to 
make the few following remarks : 

1. Mr. Patterson appears to lose sight of this great 
principle in constructive art that “‘ things which cannot 

ield must break ;’’ this principle is so deeply rooted into the 
uman mind that its truth could not for an instant be called - 
into doubt, even if it could not be demonstrated by the 
fundamental ays aor of mechanical science, as I believe I 
have done in the introductory part of my paper referred to. 

2. The only question which may be raised in that paper 
is the following, viz. : 

Is the connecting rod capable of transmitting an impact 
of the intensity defined? And in the face of the many 
known cases of the remarkable behaviour of matter during 
and under the influence of impact, I believe the answer 
cannot but be affirmative. 

If a tallow candle —s driven through a deal board, 
and if a steel shot may be driven through a 12 in. armour 
plate without apparent injury to its molecular structure, 
there can be no reasonable doubt but that a locomotive 
oer ad rod is capable of transmitting the impact de- 
scribed. 

If your correspondent will carefully read the introductory 
part of my paper he will find that I do by no means assume 
the crank neck to be a fixed point with reference to the 
ere I have on the contrary been very careful on 
that point. 

3. I never heard that crank axles only break through 
the inside webs of the cranks; but I have positively seen a 
crank axle broken at the outside web. 

4. I have no desire to prove or to disprove that the crank 
neck ought to be made stronger, but the strains to which 
it is subjected may be defined by the considerations which 
have enabled me to define the strains on the webs. . It is 
quite possible that the remedy suggested by Mr. Patterson 
against the breakage of crank axles might be attended 
with beneficial results, for if it were carried to its utmost 
limit by making the neck equal in diameter to the stroke of 
the piston, the fork would practically disappear, and with 
it che ground for argumentation on the causes of 
rupture of crank axles across the crank webs, and on their 
remedy. The increase of the diameter of the neck, however, 
is attended with great practical objections which present 
themselves so readily to the mind, that it is useless to 
enumerate them. 

In conclusion I have only to add that the idea of reduc- 
ing the thickness of the crank webs, with a view to insur- 
ing as much elasticity as possible is not a new one, but I 

ieve I may affirm that the late Mr. Beyer was fully alive 

to its importance ; the only thing I claim for myself is to 
have subjected that interesting matter to definite inquiry. 

I remain, Sir, very aie bate 

November 26, 1879. . J. BIRCKEL, 


CHONEYDER. 





An Otp MINER. 











Tux Port or Dantrzic—The German Government has 
decided to enlarge the port of Dantzic and to convert it 





into @ naval station presenting as much importance as 
Kiel and Wilhelmshaven. 
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PUMPING ENGINES AT THE VIENNA AUXILIARY WATER WORKS, POTTSCHACH. 


CONSTRUCTED BY MESSRS. BREITFELD, DANEK, AND 0O., ENGINEERS, PRAGUE, BOHEMIA. 
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On a former occasion* we gave a short notice of the 
new auxiliary water works erected at Pottschach, near 
Vienna, for the supply of water to the latter city, and we 
then promised to publish a more complete description of 
the engines and pumps at these works at an early oppor- 
tunity. According to our promise we now give in our 

resent number illustrations of the engines alluded to, 
igs. 1 and 2 on our two-page engraving being re- 
spectively a longitudinal section and plan of the engines 
and pumps, while Fig. 3 on the present page is a view of 
the air-vessel and pipe connexions (this view being, in fact, 
# continuation of that given in Fig. 2), Fig. 4, on the oppo- 
site page, a plan of the air-vessel and its connexions, and 
Figs. 5, 6, and 7 (also on the opposite page) cross sections 
of the engines and pumps. These various views of the 
machinery will explain the whole arrangement so clearly 
that it will be necessary to accompany them by a few ex- 
planatory notes only. 
ines.—It is scarcely necessary to mention that the 
engines are of the compound (Woolf) type, the cranks 
being set o ite to each other. This arrangement was 
prescribed by the contractors who ordered the engines, 
otherwise a compound 
and an intermediate receiver would have been preferred 
by the constructors. The chief dimensions of the engines 
are as follows : 





* See ENGINEERING, vol. xxvii., page 287. 
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© with cranks at right angles 























































Diameter of high-pressure cylinder 11 in. 

pa low * iad 222 in. 
Stroke, common to both ... . 4ft. 10} in. 
Proportion of volumes of cylinders 1in4.3 


Steam entrance and exhaust passages of high-pres- 
sure cylinder : 


Width 2 in. 
Length 6} in. 
Area... = ai eee eee 12} sq. in. 
Proportion of area to piston area 1 in 7.6 


Steam entrance passages of low-pressure cylinder: 


Width oo i : rs 2 in. 
Length... ene ee «= eve 139 sq. in. 
Area ... wt coe one eco “— 869 
Proportion to piston area eco - Limnls 
Exhaust passages of low-pressure cylinder : 
Width pe ia we ws ne ain. 
Length ee ine oo ove 13} in. 
Area .. < we eco a +» 823 sq. in 
Proportion of area to piston area =... ~=1 in 12.5 
Revolutions of engine per minute ose 22 
Piston speed (at 22 revolutions) +. 216 ft. per min. 
Steam pressure in boilers x 674 lb. per sq. in. 


Both cylinders are steam jacketted, the admission of 
steam to the jackets being regulated by a valve common 
to both cylinders. The slide valves are of the usual con- 
struction, and no separate expansion valve is used. The 
rate of expansion is therefore constant, the steam bei 
cut off at 87 hundredths of the stroke in the smal 
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cylinder. Altogether the steam expands to five times 
its initial volume before it passes into the condenser. 


Condenser and Air Pump: 


Diameter of condenser ... 14} in. 
Length - oo S8P in. 
Volume a oe ove -«- 5230 cub. in. 
Proportion of volume of condenser to ; 
volume of low-pressure cylinder lin 45 
Diameter of air pump ... 11? in. 


Stroke a née ia ere 23% in. 
Volume of stroke of air pump ... e+. 2547 cub. in. 
Proportion of volume of stroke of air 
pump to volume of low-pressure cy- 
er 


eee eve ie ons a lin 94 
Proportion of volume to stroke of air 
pump to volume of condenser, about lin2 
Diameter of injection pipe ° 2¢ in. 


The air pump, which is double acting, is placed behind 
and below the low-pressure cylinder, and is driven from 
a rocking lever actuated by the crosshead of the low- 
pressure cylinder. The injection valve is placed close 
to the stand of the engine driver, in the vicinity of the 
admission valve and the steam-jacket valve. The 
vacuum-gauge has also a prominent position at the 
driver’s stand, besides the steam gauge. 

Pumps: 


Diameter of piston a at oe «=: D1 f in. 
Stroke... sia oss ove oo 294 in. 
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5600 to Centre line of the second Engine 











AUXILIARY WATER WORKS, POTTSCHACH. 


DANEK, AND CO., ENGINEERS, PRAGUE, BOHEMIA. 
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Settion through Pumps 
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4... kde oA...4 BID. ni AMD anna 
factory. Another advance in prices was gained during the 
i 4 dag to the extend ot 9 cor em me ae the advance 
Fig. §. 3 over the week up to 3s. 10}d. per ton. ing the forenoon 
| business was done at 59s. 7}d. up to 59s. 104d. cash, and at 
60s. fourteen days and one month; and in the afternoon 
from 59s. 7$d. to 59s. 10}d. cash, and 60s. to 60s. 1}d. one 
e month were sya At the close there were buyers 
Is offering 59s. 104d. cash and 60s. one month, and sellers at 
ce ena - -—-@- 0 ~ 1d. per ton more. Monday’s market also opened strong, 
H g , poe and prices were advanced by another 1s. per ton. The 
H x Z a coal and ironstone miners generally throughout Lanark- 
§ aE ee ET 1 shire were idle by arrangement to consider what steps 
i odd , A . ' should be taken in regard to the announced reduction of 
: $ tse H 4 wages, and hence the firmness in prices. The quotations 
ee $ Z h at which business was done during the forenoon ra’ 
See = = Ljy) from 60s. 3d. to 61s. cash, and to 61s. 4$d. one month, the 
am Fa || ee 4727, to AR sei £ close being sellers at the her quotations, and buyers at 
A pooch auseeir Lid, less, | In the afternoon the quotations were from 61s. 
\ = Y) to 60s. Be. = cash, and from 61s. 44d. to 6ls. 3d. one 
dt CS 4 ( month, the market closed with asking 61s. cash 
R a as a ies a AS and 61s. 4$d. one month, and buyers 1}d. under. The 
a. ee SX cca) Gh N warrant ee EE aed, alerniiae 
: NN & N N reaction set in early, and prices receded to the t of 
S ? N S & . 1s. 8d. per ton, in consequence to a large extent of the 
F : difficulty with the miners on the w ques: ving 
N N 10 __ | ee { Mare ass a more favourable aspect. Business done in 
; ’ N > the morning at from 61s. to 60s. 3d. cash, and from 
Nw TNT , cE. E 4 f 4 I a 61s. 44d. to 60s. 9d. one month, the market desing «ith 
QQ Q GW, Qt AA AA MV buyers at the lower entation, and 4 ow 1d. more 
Volume of one stroke... ove .. 39 gals. Diameter of boiler ove oe .» 6 ft, 104 in. | aallly 4$d. to 59s. ro cash, and from 60s. 74d to 60s. 
Diameter of water mains ~ aoe 23§ in. Length of boiler ... vole «- 26ft.3in. | one month, sellers at the close asking 59s. 9d. cash and 
Are, s,, J we = wwe 488.8. in. Diameter of internal flues ... ...  29bin. 60s. 14d. one month, and buyers 14d. over. The market 
Proportion of this area to piston area... 10in8 Length of firegrate te.c' 30 . 46. 7} im. | wag flat this forenoon, when a large business was 
Area of suction valves ... ee «»  2538q. in. Heating surface of boiler wt .» 700 sq. ft. p ele) A 59s. 104d. down to 58s. 8d. cash, closing with 
Proportion of this area to piston area... 1 in 14 Firegratearea ... ... »,  « 238q- ft. | buyers at 59s. cash and 59s. 44d. one month, and sellers 
Area of delivery valves ... ne «» 158 sq. in. Proportion of heating surface to fire- 14d, more. There was also a flat market in the afternoon 
Proportion of this area to piston area... 1 in 2} grate area ond a ons ene 30 in 1 sellers at 59s. 3d. cash, and buyers 1}d. per ton less. 
Piston pre (at 22 revolutions) ee 1} ft. per sec. At present two engines and two boilers are erected at Generally s ing, the ‘meaehes has been very firm since 
Speed of water in mains... ae a st Pottschach, there are, therefore, four pumps in all, As/| last report, tnd large amount of business has been done 
” »» suction valves oo 2h og each pump delivers (theoretically) 39 gallons at each | in warrants. Dealers have bought freely from the makers, 
» »»  elivery valves ... 4 ” stroke, or 78 gallons at one revolution, the delivery by | and during last week prices were advanced from 2s. 6d. to 
= — water level in the wells to 16} ft four pumps in one minute (22 revolutions) is 6864 —_— 5s. per ton, according to gm pe et al of the —% 
; - os = ON oy ? theoretically, or say, 6000 gallons practically. one | mand is most satisfactory, con provemen 
Height from pumps to water level in the engine aig bes to westi regularity, the stipulated quan- | in the home trade which manifested on all hands 
Telit gE | tity of 8,750,000 gallons can be raised in 21 hours. legis tapers to lacks Sorwund te Secuiate ss Gee heey 
; a = ™ fet, rs ” The work done by one engine amounts to 13,500 foot- iia a mn to eens a aoe! ane ? ot. 
There is one (double-acting) pump to each cylinder. | pounds per d, which is equal to 244 horse power! ..1¢ ‘The American is chowkus dana ps 
The pumps derive their motion from rocking levers con- | (effective). The engines and boilers were constructed at and come fresh orders have lately been placed here both for 
nected by short connecting rods to the crossheads of the | the works of Messrs. Breitfeld, Danek, and Co., of Prague, t and forward delivery, more for the 
engines. The rocking lever of the low-pressure cylinder | Bohemia. Western States. Foundry and forge po for local con- 
Par nas salted aan Eten e eee ete o 
ir Vessel.—There is a double air vesse each pair 5 quan continues sen 
of pumps, the lower part serving as an air vessel for the NOTES FROM = a warrant stores daily: ee last week’s increase bri the 
suction mains, whereas the upper part is connected! Glasgow Pig-Iron Market.—There was considerable stock with Messrs. and Co. up to 390,671 tons as 
with the delivery mains. The lower air vessel has a dia- | pri i 4 i at last Friday night. Makers’ stocks, however, have been 
Buery dia- | briskness in the market at the opening last Thursday, as rednoed a ya langcetbe 
meter of 47 in., and a volume of about 663 gallons, equal to | holders were unwilling to sell in case of any di bat —— —_ —- in blast the 
17 stroke volumes of one pump or to 12 seconds’ supply of | to trade arising from the enforcement of a reduction of eng ahent tate oa. Son additional fur- 
two pumps. The upper air vessel has the same diameter, wee amongst the miners employed by the ironmasters, | | oo have been put in blast at Iron Works, the 
but its volume is about 760 gallons, equal to 19 stroke- | and which was to come into effect on Monday. Prices im-| +3441 number now in actual ee 98 as against 
volumes of one pump or toa 13 seconds’ delivery from — 1s. 1}d. per ton. Business was done during the 92 at the same time last . The total for 
two pumps. jorencon at 58s. 3d. to 59s. Ibd. cash, tt geen last week amounted to 7248 tons as po ee a 
Boilers.—There are two boilers, room being left in the | ‘losing with sellers at 50s., and buyers af NX. 208. cosh | tons in the corresponding week of last year. 
boiler-house for s third. The boilers are of the Cornish | trom 59s, to 50s. 44d. cash, and the market closed with| The Manufactured Iron Trade.—This branch of trade 
type with two internal flues. They are fired internally. | seljcrs asking 59s. 6d., and buyers ing 59s. 4$d. cash. | seems to be getting brisker and , and 
The longitudinal seams are double rivetted. The dimen- | ‘The market was again firm on Friday, the appearance of | prices may now be considered as about 71. 10s. per ton for 
sions are as follows: the wages question amongst the miners being still unsatis. Soschend base, ant 69. 10s, for ship an advance of 
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from 30 to 50 per cent. within the last three or four months. 
The demand at present appears to be quite insatiable. 
Some good orders from America have been placed during 
the past week. The improvement in the shipbuilding 
trade has caused a new life to arise in a number of the 
foundries, some were practically at a standstill for months. 

Torry Bridge Works, Aberdeen.—The most difficult part 
of the operations connected with the new bridge over the 
Dee, at Torry, Aberdeen, has now been successfully over- 
come. On Thursday afternoon the last of the cylinders form- 
ing the foundation of the southmost pier was sunk to the 
required depth, and the masonry of this pier will now be 
completed. ly one cylinder remains to be sunk, viz., 
the eastmost caisson in the third pier from the north side 
of the river. This cylinder has caused a great amount of 
delay and trouble during the past few months, in conse- 
quence of its having been broken after nang lowered to a 
considerable depth. It absolutely defied all local hoisting 
—— to lift the broken cylinder out of the river bed, 
and has only yielded to an enormous strain of elevating 
pee. With the aid of twelve powerful screws and four 

ydraulic pumps (the latter having a combined lifting 
power of 320 tons) brought specially from the Tyne, the 
obstruction has been raised, and the work of putting down 
a substitute for the shattered cylinder will be at once pro- 
ceeded with. When this is accomplished the whole of the 
foundations of the bridge will, as y indicated, be 
completed, and in a short time the masonry of all the piers 
will be built up to the point from which the arches spring. 
Unexpected difficulties have been experienced in the a 
of the foundations, owing to the large number of boulders 
encountered; but the work has been steadily and per- 
sistently pursued, and the difficulties successively over- 
come. As an indication of the difficulties of the work, it 
may be mentioned that some of the cylinders have been 
sunk to a depth of 39 ft., and that in some cases the adhesive 
power of the clayey strata was so tenacious that a weight 
of 200 tons was required to press the cylinders down to the 
required depth. 

Clyde Shipbuilding Trade—Launches in November.— 
The amount of new shipping launched on the Clyde last 
month was smaller than that turned out in the correspond- 
ing month in some former years, but still it was very con- 
siderable, evincing much activity in the later stages of ship 
construction. There were ten vessels launched, a total of 
over 18,000 tons, and including seven screw steamers, one 
screw tug steamer, one schooner, and an iron barque. 
Many of the yards are now very busy in the way of laying 
down keels, erecting frames, and plating the same, — 


the marine engine shops are in a number of i 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrippLesBRouGH, Wednesday. 

The Cleveland Iron Market.— Yes there was a 
larger attendance than usual on Change at Middlesbrough. 
There was again a marked improvement. Messrs. Connal 
and Co. it was found had a stock of 95,250 tons in their 
Cleveland stores, and 393,000 tons in their Glasgow warrant 
establishments. At the former place ay ae receiving 
from 300 to 500 tons daily, and at the latter they are 
taking in about 1200 tons per day. At Middlesbrough, 
however, they are also delivering. The Cleveland Iron- 
masters’ Association returns are not yet issued, but it is 
believed they will show an increase in makers’ stocks 
during the month of November. There is a very heavy 
and legitimate demand for pig iron, and consequently prices 
have again advanced. Merchants quote No. 3 Cleveland 
pig 44s. 3d. per ton prompt delivery, but as an indication 
of the genuine improved state of affairs, it may be men- 
tioned that on’ yesterday a large maker was offered 


45s. 6d. per ton for No. 4 forge for delivery over the first 
three months of next year. business is gen 
anticipated during the whole of 1880, and, indeed, for the 


next few years. 

The Manufactured Iron Trade.—Everybody is surprised 
at the rapid improvement in the finished iron trade, which 
is fully maintained. Plates are now as high as 81. and 
81. 5s. per ton, and bars are settling at 7/. per ton. All 
the works which are in operation are exceedingly busy, and 

reparations are being made for restarting more works. 
The Moor Iron Works, at Stockton, will soon be re- 
opened, and the Norton Iron Works, at Stockton, are 
again to be put in operation. On all sides there is in 
activity. 

Engineering and Shipbuilding.—There are not so many 
orders for engineering work coming to hand as could be 
wished, but it is known that there is plenty of work under 
consideration, and it is expected that several contracts will 
— find their way to Northern establishments. In 
shipbuilding on the Tyne and Tees there is a welcome im- 

rovement. The sudden change for the better in this 
ranch of trade may be estimated by the mention of the 
fact that at Middlesbrongh Messrs. R. "Vixon and Co. have 
five ships in course of construction, and are now employing 
over a thousand hands. At Stockton both the large ship- 
— there have a fair share of work, and the various 
uilders on the Tyne are much busier than they have been. 


The Coal and Coke Trades.—All kinds of fuel are in 





very well filled with work. 

Aberdeen Harbour Works.—At a meeting of the Plans 
and Works Committee of the Aberdeen Harbour Board, 
held this day week, a remit from the Board as to the order in 
which the works sanctioned by the recent Act of Parliament 
should be carried out was under consideration. A report was 
submitted by Mr. W. Dyce Cay, the harbour engineer, em- 
bodying certain recommendations, which were generally 

to. In reference, however, to his seounenmiendiens as 
to the new graving dock, it was resolved not to come to any 
definite decision until the next meeting of the Board. The 
question of the appointment of a resident engineer was also 
under consideration, but was deferred for a week. 





Tue Fiow or Steam THROUGH ORIFICES.—We under- 
stand that Mr. Thomas Adams, of the’ works of the Ant 
and Bee, Manchester, has recently condu a series of 
experiments — the flow of steam through orifices, the 
results of which he will probably shortly publish. 


Tux Late Mr. Grorer B. Crawiey.—We regret to 
record the sudden death of Mr. Geo B. Crawley, the 
well-known contractor. A correspondent, ‘‘ H. M. B.,”’ 
writing to the Times from Harrow, December 3, says: 
** A remarkable man has just met with an untimely end by a 
lamentable accident. r. George B. Crawley, well known 
in many parts of the world for his large operations as a 
railway contractor, s a few weeks since for Mexico. 
He reached Vera Cruz on Sunday last, and while landing 
was struck on the head by something falling from a ship. He 
died within three hours. Mr. Crawley was from his early 
ne a man of quite extraordinary en Whatever he 
k up he did rously and well. His many Harrow 
friends will remember fhis feats on the cricket-field, and 
some may recollect how he made the winning hit in the 
match with Eton at Lord’s in 1851. He subsequently be- 
came one of the best tennis players of his time, and within 
the last year, before he started for Therapia, might be seen 
ying with Mr. Heathcote at hton. For a short 
me he was trained as a lawyer, but his adventurous spirit 
prompted him to give up the law and en in daring 
enterprises abroad. Among the many works which he 
ned and carried out may be named two railways in 
igium, two railways in Spain, the markets at Madrid, a 
railway from Vera Cruz to exico, and @ railway of nearly 
800 from Tiflis to Poti. His last work was a railway 
frora Ploesti, in Roumania, to Cronstedt, in Hungary, but 
this was interrupted in co ence of the recent war. 
Mr. Crawley, though not a politician, was an acute 
political o' rt. Few men could detail with equal vivid- 
ness the melancholy events which culminated in the execu- 
tion of the Emperor Maximilian. Few men could describe 
with greater authority the ominous subterranean workings, 
little suspected by the 





L world at large, which issued at last 
in the well-prepared eruption known in history as the Bul- 
garian massacres. This is not the place to speak of the 
many genial and generous qualities which endeared Mr. 
 ompanen tn his — i His sudden a will 5 om ee 

y many men of very various pursuits in many » and 
not least by his old schoolfellows, one of whom, who ad- 


request, and prices are advancing. 

Brown’s Tramway Engine.—At the Paris Exhibition 
last year there was exhibited by the Swiss Locomotive 
Works, of Winterthur, a tramway locomotive constructed 
on the system of Mr. Charles Brown, the managing di- 
rector of those works. The engine from its numerous good 
features attracted much attention amongst those interested 
in the introduction of steam power on tramways, and a few 
months ago Messrs. R. and W. Hawthorn took up the con- 
struction of tramway locomotives on Mr. Brown’s system 
in this country. Last week the first engine of this type 
made by them was tried on the!tramway on the North 
Road, Newcastle, with very satisfactory results. We hope 
shortly to illustrate this engine, and we shall then have 
more to say about it. 








NOTES FROM THE SOUTH-WEST. 

The Forest of Dean.—Trade is in an improved condition, 
and the output of coal increases in bulk. Apart from the 
night-turn at several of the collieries, Messrs. Crawshay’s 
men have been making days and half-days, that is, the 
day-shift continued until six o’clock, thus scoring ad- 
ditional time. The ‘‘ get’’ of coal has been largely increased 
of late by this firm, and it is now not an unfrequent occur- 
rence during the twelve hours’ operations to exceed in draw- 
ing from the workings a cwt. per minute. The iron trade 
is benefitting from the upward course of prices. Stocks of 
pig are low in the Forest. A good demand still exists for 
iron wire, and tin-plates are in active request. 

Swansea.—The iron and steel trade continues active. 
Prices for both are much firmer, with an increased demand, 
the yield being undoubtedly larger for some time past, 
with every prospect of a further increase. Old rails and 
scrap are still eagerly sought after for exportation. The 
tin-plate trade shows increased briskness, the different 
works in the or ag ey og being fully employed, and the 
demand, especially for the best brands, being good at im- 
proved prices. No inclination exists on the part of masters 
man gy na fh me Ey epwy beng 
repent. pid progress is being wii e new \. 
While the engineer with his men and appliances are push- 
ing their manual work fo: , the general superintendent 
of the harbour is leaving no stone unturned to render the 
docks an acquisition to the district in the future. 

Merthyr.—Increasing business characterises the iron 
trade round Merthyr. At Rhymney and Dowlais the 
greatest rapees | ils, and each of these extensive works 
are going to the very fullest extent, orders Oger d 
coming in plentifully and regularly. At Cyfarthfa satis- 
factory progress continues to be made in opening up the 
works. Trade generally t hout the town shows con- 
siderable improvement, are sent away from the 
various works in extensive quantities. 

The Welsh Coal Trade.—The metropolitan coal trade 
railway continues brisk, especially from the Aberdare 
Merthyr districts. During the past month upwards of 


5000 tons of steam coal were sent over the Great Western | Ons 
i and nearly 10,000 tons 


y | four more tips can be 


factory, and the quantity of coal will be increased, as 
several large London contracts are being treated for. 


The ee Trustees of the Marquis of Bute have 
just completed the erection of a wharf and two coal tips 
near the Bute Iron Works, on the banks of the River Taff. 
The work, which has been in progress for upwards of 
twelve months, is simply the development of an old and 
well-considered scheme, the object of which is to relieve the 
pressure on the docks, and to give additional facilities to 
small craft engaged in the shipment of coal. Under exist- 
ing circumstances, coasting vessels have to pay the usual 
dock charges ; which amount to from 1}d. to 3d. per ton 
register. In consequence of this many of them go up the 
channel and load at Newport, preferring the loss of 
time to the extra cost. At the new tips they will 
have no dock charges to pay, so that some increase 
in shipments coastwise may be to ensue. At 
the spot selected, the river is about 400 ft. wide, and in 
spring tides the water rises to a height of 20ft. An ex- 
cellent tidal harbour may therefore be formed, and, in the 
event of increased accommodation being required, three or 

erected. Of course, provision will 
have to be made for the overland traffic, and by agreement 
with the trustees of the Marquis of Bute, the Great 
Western Railway Company have given notice of their in- 
tention to make an application in the next session of Parlia- 
ment for powers to enable them to construct a new branch 
railway or siding. The line will be situate wholly in the 
parish of St. Mary, and will commence by a junction with 
the main line, about 17 yards from the eastward end of the 
bridge over the River Taff, and it will terminate at or near 
a siding, about 60 yards southward of the south-east corner 
of the pa deg ing to the Bute Iron Works, and 
occupied by Messrs. Maudslay. The surveyor of the com- 
pany has already inspected the land over which the line will 
run, and other prelimin steps have been taken which 
will facilitate the work. Direct communication will thus 
be established between the tips and the principal colliery 
districts of South Wales. 


Wages in South Wales.—The South Wales coalowners 
an interview with the colliers’ representatives, on 
Friday, at Cardiff. The latter asked for an advance of 
wages, and the employers suggested the re-establishment of 
the sliding scale. The men promised to bring the question 
before the colliers. 

Avonside Engine Company (Limited).—In the High 
Court of Justice, Chancery Division, the Master of the 
Rolls on Saturday heard a petition by this company to have 
confirmed by the Court a resolution sanctioning a re- 
duction of capital. The capital was 150,0001. divided into 
101. shares. It is now proposed to reduce the capital to 
75,0001. in 51. shares. Order granted as prayed. 








Tae INsTITUTION oF CrviL Enainggers.—At the 
meeting on Tuesday, the 2nd of December, Mr. J. F. 
Bateman, F.R.SS., L. and E., President, in the chair, 
fifty-four candidates were balloted for and elected, viz. : 
Messrs. Antonio Paulo de Mello Baretto, Government En- 

ineer of drainage works, Rio de Janeiro ; Patrick Moir 

arnett, Resident Engineer of the Great North of Scotland 
Railway ; James Richard Bell, Ex. Eng., P.W.D., India; 
George Richard, Clark Ex. Eng., P.W.D., India; Charles 
Fouracres, Ex. Eng. P.W.D., India; Talbot Hamilton, 
Ex., Eng., P.W.D., India; Joseph Hindle, Forest Hill; 
Henry Walter Hudson, Chief ineer to the Cochin 
Government, Trichoor; John Kraft, Chief Engineer to the 
Société Cockerill, Seraing, Belgium; Henry Coathupe 
Mais, Engineer-in-Chief of the Colony of South Australia ; 
Robert Riddell, G. I. P. Railway, Bombay ; William Scott, 
Ex. Eng., P.W.D., India ; and William Henry Spalding, 
South Indian Railway, Palamcottah, Madras, as Members : 
Messrs. Edward Allies, Engineer and Surveyor to the 
West van A Local Board ; ond John Brough, En- 
ineer and Manager of the Toronto Water Works ; James 
uel Brown, Stud. Inst. C.E., Assist. Eng., P.W.D., 
India; Robert Francis Bullen, Haverstock-hill; George 
Chamier, Adelaide, S.A.; William Bell Dawson, M.A., 
Stud. Inst. C.E., Montreal; John Dixon, Jun., Stud. 
Inst. C.E., New North Dock Works, Liverpool; Ben- 
nett Fitch, Ex. Eng.,*Nizam’s P.W.D., India; Sydney 
Stewart Grant, S. P. and D. Railway, Lahore; Henry 
Hawes, Brighton ; Herbert Edward Horace Hayes, P.W.D., 


Ceylon; Brierley Denham Healey, Live 1; George 
Frederic Hammersley Heenan, Nizam’s P.W.D., India; 
John Home Home, Roads and Bridges Dept., Sidney, 
N.S.W.; John Charles Johnston, Assist. Eng. P.W.D., 
India ; Edgar Chichester Jones, P.W.D., Wellington 
N.Z. ; erick Edward 


Linging, British Gas Light Co., 
Norwich; Donald Macfarlane, Stud. Inst. C.E., Haul- 
bowline Extension Works, Cork; Thomas May, Canter- 
bury; Richard Liron Mestayer, Manchester; William 
Henry Morrow, pagel CaN William Parry, Stud. 
Inst. C.E., Assist. ., P.W.D., India ; John Paterson, 
Ex. Eng., P.W.D., India; James Ponsford, Constanti- 
nople; John Price, Jun., Stud. Inst. C.E., Patricroft, 
Manchester; Archibald Colin Campbell Rogers, Assist. 
P.W.D., India; Fred Simpson, Stud. Inst. C.E.° 

Single, Ex. . P.W.D., 
; Thomas 
ur Sulivan, Stud. Inst. C.E., 
.» P.W.D. India; Francis Henry Trevithick, 
Japanese Government Railways, Tokio; Claude Vincent, 
Stud. Inst. C.E., P.W.D., Madras; Robert Walker, 
Cork ; Charles Palmer Whitcombe, B. B. and C. I. Railway, 
—, and Robert Alfred Wilkinson, North-Western of 
Monte Video Railway, Monte Video, as Associate Members : 

Brockman, R.E., Ex. 


Henry Geff 
Ex. Eng. P.W.D., India, 

















mired his courage and energy, asks to be permitted to in- 
scribe these few lines to his memory.” " 


system navigation, while fair 
quantities have been sent to Birken i i 


. This is satis- 





minster ; and — George Newmarch, R.E., 


water, as 
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We beg to announce that we have appointed Mr. Lenox 
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United States will in future be payable to him. Mr. Lenox 
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NOTICES OF MEETINGS. 

INSTITUTION OF OCrvIL ENGINEERS,—Tuesday, December 9th, at 
8 p.m. Discussion on “ The Passenger Steamers of the eB, 
the Mersey, and the Clyde.” 

THe Socrety OF TELEGRAPH ENGINEERS.— Wednesday, 
December 10th, 1879. Council meeting at 7 p.m. Annual general 
meeting at 8 p.m. for the reception of the Annual Report of the 
Council, and for the election of Council and officers for the 
ensuing year, the. ballot for which will be open until 8.30 p.m. 
The following paper will be read: “On the Operations connected 
with the Laying of the New Marseilles-Algiers Cable,” by E. March 
Webb, Associate. 

PHYSICAL SocrmTy.—Saturday, December 13th,at 3pm. The 
following communications will a made: “A New Form of Re- 
sistance Balance for Comparing Standard Coils,” by J. A. Fleming, 
D. Se. “ A Dispersion Photometer,” by W.E. Ayrton, and J. —e 
“The Value of “g” at Tokio, Japan,” 7 W. F. Ayrton, and J. 
Perry. “The Graduation of Professor Hughes’ Sonometer,” by J. 
H. Poynting. 
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PRIVATE BILLS FOR SESSION 1880. 

Among the many curious events that are daily 
occurring around us, not the least remarkable is thé 
fact that regularly every November so near an ap- 
proximation to the same number of people (sole and 
corporate) without any manner of concert among 
themselves, or the slightest community of interest, 
are seized with the idea that the proper thing to do 
is to apply to Parliament for a Private Bill. Such, 
however, has long been the case. The prophetic in- 
stinct of those who framed the Standing Orders relat- 
ing to legislative private business impelled them to 
predict that about 300 Bills would be the average 
number applied for annualiy, and subsequent events 
have justified their conclusions, The present year, 
however, is the greatest exception to the rule that 
has occurred in a downward direction for a very 
considerable period, and the Parliamentary fee fund 
will in consequence be affected like ordinary mortals 
by the prevailing general depression. The number 
of notices published in the London Gazette this No- 
vember is only 254, of which 188 are for Bills, and 
66 for Provisional Orders. They may be sub- 
divided thus: 44 are given by existing railway com- 
panies; 30 are for incorporating new railway com- 





panies; 55 relate to tramways; 47 to gas and 
water; 19 to towns’ improvements, and the re- 
mainder are of a chaotic or miscellaneous descrip- 
tion. We have perused them all, and now lay be- 
fore our readers a part of the result of our examina- 
tion, beginning with Bills relating to the existing 
railway companies. 

The London and North-Western Company by 
their Omnibus Bill seek authority to construct a 
railway at Cannock, in Staffordshire, to be called 
the Littleworth Extension, commencing by a junc- 
tion with the Norton Branch Extension Railway of 
the company at its crossing over the Birmingham 
Canal at Hawk’s-green, and terminating by a junc- 
tion with the Littleworth Railway near Hednesford 
Station. Another railway, to be called the Win- 
wick and Kenyon Junction, is from the Winwick 
and Golborne Railway at Winwick to the Bolton 
and Kenyon Railway, near the Kenyon Junction of 
that railway with the Liverpool and Manchester 
line. Two branch railways, to be called the West 
Leigh Branch Railways, No. 1 c~: from a junc- 
tion with the Bolton and Kenyon Railway at Leigh, 
and terminating at Abram, in Wigan, by a junction 
with the Bickershaw Colliery Railway, while No, 2 
begins by a junction with No, 1 at Leigh, and ter- 
minates at West Leigh by a junction with Dingles 
Colliery Railway; a railway, to be called Atherton 
West Junction, from the Eccles, Tyldesley, and 
Wigan Railway to the Bolton and Kenyon Railway; 
a deviation railway in substitution for a deviation 
of that line, authorised in 1878; and another rail- 
way to be called the Bangor and Bethesda Railway, 
from the Chester and Holyhead Railway, at Bangor, 
to Bethesda. The company desire to widen a por- 
tion of their St, Helen’s Railway at Prescot, and 
their Liverpool and Manchester Railway in Win- 
wick and Eccles, for which purposes th a oma 
to take a piece of commonable land at Astley Moss, 
the estimated quantity of which is given in con- 
formity with a reeent amendment of the Standing 
Order ; they also want to make alterations in their 
Clifton branch, and extend a bridge on the Buck- 
inghamshire Railway ; to stop up as public highways 
certain footpaths and within the company’s 
boundaries, and to make new roads; to acquire 
further lands for sidings and other purposes con- 
nected with their undertaking at different parts of 
the system ; to extinguish rights of way over cer- 
tain lands to be appropriated to the company and 
the Manchester, Sheffield, and Lincolnshire Com- 
pany, at Ashton-under-Lyne ; to obtain the now cus- 
tomary exemption from Section 92 of the Lands 
Clauses Act; to extend the time for purchase of 
land, and completion of works as to the Burton 
branches—Buxton and High Peak Junction, and 
new railways at Winsford ; to extend the time for sale 
of surplus lands; to authorise the abandonment of 
certain railways under the Whitehaven, Cleator, and 
Egremont Act, 1877 ; to supply water not required 
for their own purposes at Crewe to local b ; to 
acquire the Watford and Rickmansworth Railway ; 
to provide for the repayment of Parliamentary de- 
posits as to the Disley and Hayfield Railway; and 
to get special provisions as to vessels using the port 
of Fleetwood, with capital arrangements, and sundry 
other matters. 

The London and North-Western Company’s 
Sutton Coldfield and Lichfield Railway Bill is to 
extend their Sutton Coldfield branch to the South 
Staffordshire Railway of the company at Lichfield, 
and to make an approach road and improve certain 
other roads in the parish of Shenstone in the county 
of Stafford, 

The Great Western Railway Company make up 
for their silence of last year with a voluminous 
notice comprising — to make five railways— 
No, 1 being from Upton to Taplow ; No. 2 wholly 
in Upton, commencing by a junction with No. 1, 
and terminating by a junction with the company’s 
railway about 18 miles from Paddington; No. 3 from 
Upton to Stoke Pogis by a junction with the com- 
pany’s Windsor branch; No. 4 is a line from the 
company’s Western Valleys’ Railway of the Mon- 
mouthshire Railway and Canal to the railway au- 
thorised by the Great Western Railway Act, 1876, at 
Mynyddislwyn, while No. 5 is a branch or siding at 
St. Mary’s, Cardiff, terminating near the Bute Iron 
Works. They also ask sanction for an alteration 
of the authorised Mitcheldean-road and Forest of 
Dean Junction Railway of 1871; to stop up foot- 
paths and roads and acquire additional lands in 
various parts of their system; to settle a dispute 
about some land at Stourbridge; to obtain powers 
as to Tiverton and North Devon Railway; joint 





wers to company and Midland peer ty 

ristol in connexion with Clifton Extension Rail. 
way; exemption from 92nd section of Lands 
Clauses Act; extension of time as to surplus lands, 
and also similar powers to the company jointly with 
the North-Western, Metropolitan, and Ross and 
Monmouth Companies; extension of time for com- 
— of Railway A authorised by the Bristol and 

xeter Railway Act, 1875; revival of powers under 
Severn Tunnel Railway Act, 1872; vesting of Ely 
and Clydach Railway, esb ilway, 
Mitcheldean and Forest of Dean Junction Railway, 
Calne Railway, and Clum Valley Light Railway 
in the company ; to vest the Festiniog and Blaenau 
Railway in the company and the Bala and Festinio 
Company ; alteration of gauge on the Devon an 
Somerset and Bristol and Portishead Railways, and 
to confirm the working agreement as to the = 
Valley Railway ; also with Lady Llanover as to H 
tramway; agreements with Llynvi and Ogmore 
Railway Company as to advances of money towards 
that unfortunate undertaking ; alsoagreements with 
the Marquis of Bute as to construction of Railway 
No. 5 to be authorised by the Act; establishment 
of a provident society for the company’s servants ; 
to provide hotels at any station they may think ex- 
woliants provisions as to money advanced to Corn- 
wall Railway Company ; additional capital ; special 
provisions as to Leominster and Kington Railway 
Company with reference to Presteign branch ; also as 
to Tiverton and North Devon Company ; alteration 
of Millbay Pier at Plymouth ; and abandonment of 
certain railways. 

The Great Western and Monmouthshire Railway 
and Canal Company’s Bill is for an amalgamation 
of these two undertakings, failing which the Mon- 
mouthshire Railway is to be leased to the Great 
Western ae 

The Midland Company apply for an additional 

wers Bill, including a railway to be called the 
Belsize second tunnel, being a junction from the 
company’s main line near the North-Western Com- 
pany’s bridge at Ham d to Haverstock Hill 

tation; a curve from the company’s main line to 
the Tottenham and Hampstead Junction Railway 
in Islington parish; a branch railway from the 
company’s North Liverpool line to Bootle; a branch 
railway from the company’s Stonehouse and Nails- 
worth tine at King’s btasley:to Rodborough to: be 
called the Stroud branch ; a junction with the South 
Staffordshire Railway of the London. and North- 
Western Company at Walsall and a connexion be- 
tween that junction and the Cannock Chase and 
Wolverhampton Railway; a colliery branch at 
Derby ; a curve at Cossall; powers to make roads 
and footpaths and stop up others ; to acquire addi- 
tional lands at various parts of their system ; powers 
as to rent charges or guaranteed stock in relation to 
Sharpness New Docks and Gloucester and Birming- 
ham Navigation Company ; transfer of undertaking 
of Little North-Western ie y (as it is generally 
called) to the company ; from Ym powers as to Mid- 
land and South-Western Junction Railway; sub- 
scription powers to Severn Bridge Railway Com- 
pany ; also to confirm an agreement with the Man- 
chester, Sheffield, and Lincolnshire Company as to 
use of the passenger station at Manchester; to 
amend existing a as to the shares held by the 
company in the Tottenham and Hampstead Junction 
Railway ; arrangements as to running over Cannock 
Chase aud Wolverhampton Railway; exemption 
from 92nd section of Lands Clauses Act; extension 
of time as to Burton connecting branch ; Swadling- 
ton and Woodville Junction and the Doe Lea Ex- 
tension deviation under the company’s Act of 1875 ; 
also for sale of surplus lands generally, and to grant 
building leases upon such i,t and for raising addi- 
— a at - 

e Great Northern Company propose to con- 
struct a a in Nottinghamshire from their main 
line at Basford to an independent terminus at New- 
stead. Also eleven colliery branches and a railway 
and new road at Spalding, the latter being in lieu of 
a level crossing ; two deviation lines at Keighley ; to 
extend the time for completing part of the Halifax, 
Thornton, and hley Railway of 1873; to make 
branch railways at Ancaster and Wilsford ; to extend 
the time for completing some of the railways aus 
thorised. by their deviations Act, 1874; to obtain 
further joint powers with to the London and 
North-Western and Great rm Companies ; to 
make alterations in the levels of the Spalding and 
Lincoln line; to amend the Land Clauses Act with 


2 ge iving notices; to, make arrangements 
wi the Midland Company as to Leicester and 
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Norwich Stations, also as to railway and station 
at Keighley ; to obtain licenses for sale of wine, &c., 
to passengers travelling upon their system, and to 
deal with other matters common to great companies. 
The notice does not include any further capital 
wers, nor authority to apply ae ee 
unds be any) to the purposes of the intended Act. 

Neither the Great Reston nor the Lancashire and 
Yorkshire Companies appears in the list of Parlia- 
wo licants this year. 

The Brighton oars Bill is to enable them to 
extend one of the railways authorised by the East 
Grinstead Railway Act, 1877, to Hayward’s Heath 
Station, and abandon the original junction of that 
railway with the company’s main line; to alter 
the Chichester and Midhurst deviation as authorised 
by the Act of 1877 ; to construct roads, acquire ad- 
ditional lands, revive and extend the time prescribed 
by the Tunbridge Wells and Eastbourne Act, 1876, 
for completion of works, and as the notice says is 
for other oe 

The South- rn Company promote an Omnibus 
Bill, including extension of time as to works in 
Bermondsey ; an extension of the Hythe and Sand- 
gate Railway to Folkestone ; the construction of a 
railway from Ashford to Charing Cross, stopping 
up part of York-place between Buckingham-street 
and Villiers-atreet the transfer to the company of 
the powers conferred on the Caterham and God- 
stone Valley Railway Company, so far as concerns 
the construction of, the Godstone Valley Rail- 
way; the abandonment of the other portion 
of the undertaking and dissolution of the com- 
pany; authority to extend the Godstone Rail- 
way to the nm he of Godstone ; option to the 
Brighton Company to become joint owners of 
the altered railway ; purchase of additional lands ; 
transfer of Westerham Valley undertaking ; release 
of the deposit for that line, and dissolution of the 
company’s running powers over the East London 
Railway with or without the consent of the Brighton 
Company ; also running powers over so much of the 
railway of the Great tern vane oy A as lies 
between the point of junction with the East Lon- 
don Company and Liverpool-street. Station, in- 
cluding all lines running in or through that station, 
and the use of that station ; to amend and extend the 
South Eastern Act, 1874, and confer reciprocal 
running powers between the company and the Me- 
tropolitan Company, including the St. John’s Wood 
Railway, also running powers over the District Rail- 
way ; the revision of agreements with the Brighton 
Company and Chatham and Dover Company, and 
also an agreement with : the Government of France 
as to Boulogne Harbour and other ports, and the 
several other powers now usnal in Bills of that de- 
scription. ' 

e South-Western Company, who did not tender 
a Bill on their own separate account last year, are 
now picking up their lost time by an applicatiou 
headed various powers ; the first eight paragraphs of 
the notice are devoted to the construction of roads 
and foot-bridges at Southampton and arrangenments 
with the corporation of that town respecting them ; 
the Bill is next to authorise the widening of part 
of the South Devon line; to lay additional rails on 
the Brook-lane level crossing at Ealing ; todeal with 
roads and footpaths at various parts of their system ; 
to abandon a curve at Barnes and sell the site of it; 
to acquire additional lands at various places ; powers 
as to sale, amalgamation, or lease of the Seaton and 
Beer, Sidmouth, and Mid-Hants Railway and mode 
of dealing with the purchase money; powers to 
alter existing stocks, &c., of the company ; also as to 
provident institution and savings banks for the 
employés, and in connexion with the South-Western 
Friendly Society, and powers to company and Mid- 
land Company as to Somerset and Dorset Railway. 

The Metropolitan Company “p ly for a deviation 
of the authorised Kingsbury ap Seew line in the 
parish of Harrow ; for cumpulsory power to 
purchase additional lands in Ham and Willes- 
den parishes ; to revive and extend the powers under 
their Act of 1877 for the compulsory purchase and 
completion of works; to deal with roads and foot- 
paths ; to extend to some parts of their system pro- 
visions of Acts relating to other parts, and generally 
to persuade Parliament to do such things as pro- 
bably after mature deliberation professional experts 
in such matters consider ient and beneficial 
to the company's interests. 

The District Company propose to make a railway 


from their line at to an independent station 
at Uxbridge, which involves interference with three 
acres of commonable land at Haven Green—all 


objection to that p being in the opinion of 
the framers of the notice obvia An the purchase 
of an easement only ; they also wish to alter the 
rovisions of their Act of 1878 with respect to Eel 
rook Common ; to extend the time for compulsory 
purchase and completion of works under that Act; 
to the sections of the public Acts as to sale of 
surplus land, and to deal with and dispose of that 
aw in a fashion of their own, which will pro- 
ably be explained in the Bill. 

The two professional chairmen, however they may 
differ upon other matters, are still arm-in-arm 80 
far as the Inner Circle completion is concerned, but 
their concentrated ability ap to be either too 
much or too little for the public bodies they have to 
cope with as to the new streets, about the construc- 
tion of which open provisions were inserted in the 
Act of last year, for the terms are evidently not 
settled yet, so the chairmen have given notice for a 
Bill under the title of the Metropolitan and Metro- 
politan District Railways (City Lines and Extensions) 
Act, 1880, which is to amend the Act of 1879 in 
several respects, and inter alia to empower the two 
companies, notwithstanding anything to the contrary 
in the Railways Clauses Act, to construct the centre 
line of railway anywhere within the deposited limits 
of lateral deviation, and to appropriate any lands or 
buildings wholly or y within those limits, and 
the notice describes the situation of the lands to be 
taken ; the Bill is also to alter the mode of raising 
the capital under the Act of 1879, and the sections 
which relate to ments with the public bodies, 
and to make it obligatory upon the companies and 
those bodies to make the streets upon such terms as 
may be prescribed by the Act. 

We now leave the metropolis and metropolitan 
termini and transport ourselves far north. 

The North British Company promote a Bill 
enabling them to take into their own hands the 
interests of the North British, Arbroath, and Mont- 
rose Railway Company, the Port. Carlisle Dock 
and Railway = and the Carlisle and Silloth 
Bay Railway and wok Company, by amalgamation 
or by sale and purchase; the Bill will also autho- 
rise the company to repair or reconstruct the dock 
at Silloth now leased to them, and to construct a 
new wet dock; extend the time for disposal of 
the company’s surplus lands; also repeal or alter 
the powers to purchase the Forth Bridge Railway 
contained in that company’s Act of 1878, and confer 
powers as to Waverley Station in Edinburgh, and 
to raise further capital. 

The North British and Glasgow, Yoker and 
Clydesbank Railway Companies’ Bill is to confirm 
an ent already made between those companies, 
and to enable them to enter into such other arrange- 
ment as may be necessary in relation to the construc- 
tion, maintenance, and working of the Yoker Com- 
pany’s ne, 

The Caledonian Railway Company has had its mis- 
fortunes, and may have its faults, but certainly 
reticence and want of respect to the Legislature 
cannot be numbered among the latter. 

They are now tendering two Bills, the first being 
for additional powers which seem to us to contain 
every description of provision that the company 
can possibly require to carry them on to the next 
succeeding session, when from sheer force of habit 
we expect to see them again. The other is the 
Caledonian Railway Guaranteed Company’s Bill, 
which proposes to dissolve five existing companies, 
and constitute the holders of shares in them pro- 
prietors in the capital of the Caledonian Company, 
and defines the terms for carrying the arrangement 
into effect, which include the appointment of a 
judicial factor, and give him power in conjunction 
with the company to levy tolls, &c. ; the Bill is also 
to terminate the present lease of the Glasgow, Barr- 
head, and Neilston Direct Company, and vest that 
undertaking in the Caledonian and another com- 

y, jointly or separately, and, if separately, there 
is some provision to be made as to an annuity; but 
the notice is altogether so precisely worded that we 
must crave leniency if we have failed to catch the 
sense or meaning of this portion of it. 

The North Stafford Company, having got upon 
their own independent legs again, give notice 
for a Bill to empower them to make a junction 
curve at Uttoxeter, between their Churnet Valley 
line and the branch from that railway to Stoke-upon- 
Trent, to extend the time for sale of surplus lands, 
and to so much of the Silverdale and New- 
castle Act, 1865, as limits the use of the canal 





extension to horse haulage only, and substitute steam 
power in lieu thereof. 





The Stafford and Uttoxeter Company appear to 
have been struck with the idea that running powers 
over certain parts of the Potteries, Shrewsbury, and 
North Wales Railway, the North-Western and 
Shropshire Union, and the Shrewsbury and Welling- 
ton joint line, would benefit their undertaking, and 
are accordingly applying to Parliament for power to 
do so; but nothing is said about the guid pro quo. 
The notice also includes working ments with 
the North-Western, Great Western, Great Northern, 
Midland, Cambrian, and Potteries, Shrewsbury, 
and North Wales Railway Companies. In lieu of 
further comment, for one never knows what notices 
of this sort mean, we merely point out that the 
length of the Stafford and a Railway is 


— miles. 

he East Norfolk Railway Company ask authority 
to make six new railways in connexion with their 
western extensions, and a wharf or quay on Blakeney 
Channel; to enter into arrangements with the 
Blakeney Harbour Company and Great Eastern 
Railway Company as to works to be authorised by 
the Act, and to constitute the new works a 
separate undertaking, or to amalgamate them with 
the western extension undertaking of the company. 

The Banbury and Cheltenham Direct Railway 
Company—which we learn is fast approaching the 
completion of the better half of its undertaking — 
appears to be at loggerheads with its patron, the 
Great Western Company, and has given notice of in- 
tention to vary, modify, or cancel the existing 
agreement between the two companies, and in the 
latter event to work the line themselves, or agree 
with other companies for that p se. Running 
aes are sought over the Great Western lines to 

xford and Hanbury, and to the station of the 
North-Western and Northampton and Banbury lines 
at Banbury. Here is a case of pull devil pull baker 
upon a working agreement. There is probably no 
other document extant, legal or otherwise, so diffi- 
cult of construction or enforcement as a working 
agreement ; one mode of dealing with them as a last 
resource is for the discontented party to boldly 
declare the contract ultra vires, and fall back upon 
public policy as an excuse for doing so, 

The Furness Company are applying to the Board 
of Trade for a certificate under the Railway Acts of 
1864 to authorise the construction of a railway 
in the township of Preston Quarter, parish of St. 
Bees. The Belfast Central Railway Company is pro- 
moting a Bill for new lines and other matters, 
which seem in some way to affect this county by 
being advertised in the London Gazette. The 
Swindon and Highworth Light Railway Company 
are applying to the Board of Trade for additional 
capital. The Swindon, Marlborough, and Andover 
Railway Bill is to sanction a deviation of the autho- 
rised line between Fifield and Abbots Ann parishes. 
The Lynn and Fakenham Railway Company apply 
for eight extension railways, commencing by a 
junction with their authorised line in Pudding Norton 
parish, and having for their object an extension of 
the system to Norwich. The Dideot, Newbury, and 
Saaiinegten Junction Railway Bill is to enable 
that company to abandon the railways authorised 
by their Act of 1873, and in lieu thereof to sub- 
stitute those to be included in the proposed Act. 
The Bury and homage sow District Company 
desire to make a new railway at Bury, and obtain 

wer for the Corporation of Bury to guarantee 
interest on the company’s share and loan capital, 
and to hold shares in their undertaking. 

The Southwold Railway Company, having com- 

leted and opened their line, are applying to the 
Board of Trade under the Railway i, 
Powers Acts for an increase of capital. The Cleator 
and Workington Junction Noa xd are also making 
a similar application. The Halesowen Company 
seek authority to purchase additional lands and make 
agreements with the Great Western and Midland 
Companies, The London, Tilbury, and Southend 
Company's Bill is to authorise the en ment of 
the existing pier at Gravesend known as West-street 
Pier, and the construction of a wharf at Thames 
Haven. The Swansea and Mumbles Railway Com- 
pany, Limited, are applying for power to construct 
two railways in the parish of Oystermouth in con- 
nexion with their Oystermouth Railway or 

The Corris Railway Bill is to re so much of 
the company’s Act of 1864 as prohibits the carrying 
¢ passengers on their railway and restricts the rate 
oO A 

© Hundred of Hoo Railway Company — 
to be in the exceptional position among newly in- 
corporated railway companies of having surplus 
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funds, for they have hardly, let their Act of last year 
get cold before they want to extend the works or 
enlarge their sphere of public usefulness, so they 
now propose to make an extension railway with a 
pier and jetty extending to the shore of the River 
Medway. The list of other Bills that still remain to 
be noticed is so long a one, that we must postpone 
dealing further with the subject till next week. 








ENGINEERS AND ARCHITECTS. 


Ir is an often stated but little regarded fact that 
architecture and engineering are closely allied 
sciences, and that as a consequence the professors 
of those sciences might with advantage meet and 
exchange experience far more frequently and 
cordially than has hitherto been the case. There 
have been several indications lately of a change for 
the better, and it was, therefore, not so much a 
matter of surprise as it would otherwise have been 
that the vote of thanks for the address of the new 
President of the Institute of British Architects on 
Monday last was proposed by a past-president of the 
Institution of Civil Engineers, Some time back a few 
of the more distinguished members of the latter 
Institution were invited by the former to join their 
body, and one of the immediate results of this 
approachment has been the phenomenon mentioned 
of an engineer speaking on behalf of the architects 
and as one of them. 

It will rightly be taken for granted that there was 
something in the address of the President, Mr. 
Whichcord, to justify this departure from precedent, 
and this something was an admission on the one 
hand of a deficiency on the t of his brother 
architects of a proper appreciation of the necessity 
for a sound knowledge of practical construction as 
understood by an engineer—that is to say, the exact 
proportioning of the material, be it iron, steel, or 
masonry, to the stresses imposed upon it—and an 
expressed desire on the other hand that this want 
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should be met by a supply during the ensuing 
session of some good practical papers adapted to the 
wants of architects. 

Mr. Fowler, who proposed the vote of thanks for 
the President's most ableand comprehensive address, 
threw the weight of his influence and great ex- 
perience into the same scale, and there is little 
doubt but that plenty of competent volunteers will 
be found to carry out Mr. Whichcord’s views, and 
that the stated want will be supplied. 

It would be useless to attempt to disguise the fact 
that with a few laudable exceptions, the contempt 
openly expressed by architects for theory as con- 
trasted with ‘‘rule of thumb,” when aquestion of 
strength is in question, has led to a no less openly 
expressed contempt on the part of scientific engi- 
neers for the entire work of the architect, An 
engineer to whom fitness is the first necessity, will 
refuse to see anything beautiful in a hall covered by 
a roof crammed with unnecessary iron ties, occurring 
in no lines of stress, or in a facade which has been 
dislocated from the obvious weakness of the introduced 
iron girders. To his educated eye a building must 
necessarily be hideous if the splintered edges of a 
pier indicate undue stress, and a rapid mental cal- 
culation confirms the fact that the load approaches 
the breaking weight. The most grandly conceived 
stone staircase will only cause a shudder if it is 
obvious to the eye that the steps are pinned into too 
thin a wall, or that the landings are suspended like 
Mahomet’s coffin in mid-air without any visible 
means of support, and it is no exaggeration to say 
that a skilled engineer has occasion to note these 
things far more frequently than should be the case. 

The important duties entrusted to district sur- 
veyors, almost always architects, would alone be 
sufficient to justify Mr. Whichcord’s call for papers 
on the strength of materials and allied subjects. 
The evidence occasionally tendered at coroners’ 
inquests, when some fatal casualty has occurred, 
would appear perfectly incredible to even the 
youngest engineer, e have heard the wildest 
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statements made by architectural witnesses as to 
the crushing resistance of good London stock 
brickwork, statements at times some 200 or 300 per 
cent, wide of the truth, and at the same time these 
witnesses have confidently expressed their opinion 
that defective material, and not bad design, was the 
immediate cause of failure, though sagged girders 
resting a few inches only on crushed brickwork had 
long before visibly expressed the distress the whole 
structure was suffering from constitutional weak- 
ness. That casualties are not infinitely more fre- 

uent than they are is due we fear not so much to 
the mathematical attainments and practical skill of 
the architect as to the fact that brickwork cracks 
long before it crushes, and that iron bends before 
it breaks. Rolled joists have saved the credit of 
many an architect, for a few inches steady and 
increasing sag will satisfy in me even the most ig- 
norant, and therefore the most confident architect, 
that something must be done, whereas a cast-iron 
girder would have given no such timely warning, 
and “‘ King’s College” accidents would be multiplied. 

Apart from questions of strength many architects 
are the horror of girder makers from the dull per- 
sistency with which they will adhere to imprac- 
ticable details about which they know nothing and 
will learn nothing. Iron is cut and carved about 
on their drawings as if it were wood, rivets are in- 
dicated at impossible points, and if the several 
plates and angles are to be fastened together at ali it 
should be by glue. Castings again are devised which 
will neither mould nor cast, and the consequence is 
that even honest manufacturers are driven to ques- 
tionable expedients which any engineer would of 
course at once detect, but which will safely run the 
gauntlet of any number of this class of architect. 
Coupled with this obstinacy as re some details 
is a no less reprehensible lassitude in respect to points 
of vital importance. The architect may have con- 
descended, for instance, to calculate the required 
sectional of a girder by Fairbairn’s simple rule as 
given in the many pocket-books, but he will allow 
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the manufacturer to put imperfectly covered joints 
and rivets of any size or pitch throughout the 
girder. age 

It must not be supposed that it is in ironwork 
alone that we consider there remains much to be 
learnt by the average architect. We agree with 
Mr. Whichcord that the latter might improve his 
acquaintance with concrete, and we are still more 
satisfied of the necessity of greater familiarity 
with the ultimate strength of brickwork in the 
ordinary form of of varying heights and 
thicknesses and with different qualities of bricks 
and mortar or cement. It is a labour, but not of 
love, to convince some architects that an arch is 
not made stronger by piling on an additional load. 
Apparently some imperfect traditions linger in the 
profession of certain antique arches having required 
to be weighted locally to keep the shallow voussoirs 
from rising at the haunches, and this coupled with 
the fact that an arch will not stand if turned upside 
down like a suspension bridge has led them to the 
conclusion that weight is not merely an element in 
but a measure of the stability of an arch. 

The question of foundations again is one well 
worthy of the attention of architects. At present 
we sometimes see important main walls founded 
upon a bit of concrete so thin, that any one know- 
ing anything at all about the material would know 
that it could not possibly distribute the weight an 
inch beyond the footings, and at other times we see 
a deep trench filled down to the solid with concrete, 
when a few piers spread at considerable intervals 
would equally well have carried the superstructure. 
Many interesting points suggest themselves in 
connexion with the subject of foundations, and 
engineers would be glad if the architects would 
compare notes, and throw the valuable information 
as regards old foundations acquired in carrying out 
their numerous works into the formof a paper. For 
instance, it is well known that a favourable expedient 
of the old builders when dealing with peaty or other- 
wise bad ground was to sink a trench to the solid and 
fillin the same with well-rammed chalk. West- 
minster Abbey is so supported, and it would be 
interesting to know if the system still lives in any 
part of the country. 

In conclusion we must heartily congratulate the 
Institute of British Architects upon the election of 
their President, and express the hope that the 
members will — co-operate with him, as we 
are sure engineers will, in carrying out the work 
indicated in his address. 





DOUBLE-LOADING ORDNANCE. 

Ir is well known that the report and conclu- 
sions of the Committee on the Explosion of the 
Thunderer Gun were received with marked in- 
credulity by the scientific portion of the public. 
We have ourselves on many occasions avalysed the 
report, thrown doubt upon its trustworthiness, and 
given many reasons to show that the cause of the ex- 

losion was something other than double loading. 
gir William Palliser also published a pamphlet con- 
taining remarks on the cause of the explosion, and 
giving an account of some experiments which he 
made on muskets of the Brown Bess pattern. These 
experiments led him to the conclusion that two com- 

lete charges placed one before the other will not 
burst a gun unless the amount of powder and weight 
of shot would be sufficient to do so if they were 
united into one charge. The experiments further 
proved that a comparativeiy soft obstruction, such 
as a piece of millboard placed some distance in front 
of the shot, would, if it cause the latter to jam, un- 
doubtedly produce a burst, and hence he concluded 
that the explosion of the Thunderer’s gun was 
caused by the wad having been drawn down the 
bore by the hydraulic rammer, and left in an in- 
clined position ; that the shell on meeting with this 
obstruction attempted to ride over it, jammed and 
split the steel barrel, making th» well-known marks 
and abrasions, which were otherwise explained away 
by the Committee, and, finally, that the powder 
gases on reaching the injured part of the barrel blew 
the gun violently to pieces. As these experiments 
of Sir William’s were all made on a small scale, he 
deemed it advisable to repeat some of them in a 
manner more —_—o to the case of the Thunderer 
gun, and on Monday last several double charges 
were fired off from an old 68-pounder cast-iron gun, 
converted into a Palliser muzzle-loading rifle, weigh- 
ing 71 cwt., and firing a 64 lb, shot. The great 
interest taken in these trials was attested by the 
number of distinguished visitors who were present, 





amongst them being the mili attachés of France 
and Germany, the naval prreerwif of France, Austria, 
and Japan, the superintendent of the Royal Gun 
Factories, the Director of Naval Ordnance, and one 
of the naval members of the new Heavy Gun Com- 
mittee. 

The gun was mounted on a sledge or sliding car- 
riage, which was arranged to recoil when the gun 
was fired up a timber slide of 1 in 12, for a dis- 
tance of 12 ft.; further recoil being prevented by 
stout breeching ropes, and by a number of sacks 
filled with sand and gravel. ‘The gun was enclosed 
for safety’s sake in a cell made of timber, covered 
by a large mound of gravel, and opposite the open 
mouth of the cell, and at a distance from it of some 
twelve yards, was a butt made of the same material 
to receive the shot. In all seven rounds were fired, 
the first five being to test the effect of double 
charges, and the last two to see what influence 
would be exerted by an air space between the powder 
and the projectile. 

No. 1 round consisted of 6 lb. of pebble powderand 
a 64 Ib. solid cast-iron shot with a hemispherical end 
without studs, in front of which were rammed home 
a similar cartridge and projectile, the combined 
charge being 31 in. in length. The recoil was 11 ft., 
and the gun after discharge was pope | intact. 
The service charge for this class of gun consists of 
8 lb. of powder, and a shell weighing, when loaded, 
641b. In No, 2 round the powder in each cartridge 
was 7 lb. and the shots 64 1b. as throughout the 
trial. The gun recoiled the whole way and bounded 
forward again ] ft. In No. 3 round two charges of 
8 lb. each were employed, and the gun after recoil 
rebounded ] ft. 8 in. In No. 4 round the charges 
were 9 lb. and rebound 2 ft. 8 in., and in the 5th 
and last round fired with double charges two cart- 
ridges of 10 1b, each were used, and the rebound 
was 2 ft. 34 in.; the gun, after this heavy ordeal, 
being perfectly uninjured. It should be stated that 
every double pound of powder added to the charge 
increased its length by 2in., so that the length of 
bore occupied by the powder and shot during the 
last round was about 39 in., and the point of the 
foremost projectile reached nearly to the axis of the 
trunnions. 

The last two rounds were fired with 10-Ib. charges 
and 64-lb. shots with air spaces of 2 ft. and 5 ft. re- 
spectively, the corresponding recoils being 2 ft. and 
6in., thusconclusively demonstrating that an air space 
under these conditions lowers the pressure in the 
bore, a result which might safely have been antici- 

ated, forthe heated air cushion would no doubt 

ave driven the projectile out before the charge 
was nearly consumed. The question now arises as to 
what these experiments prove. In the first place 
they no doubt raise a strong presumption against 
the verdict of the Thunderer Committee, and they 
seem to dispose completely of Captain Noble’s 
theory that the rear projectile advancing forward, 
ee so increase the gravimetric density of the 
forward charge, as to generate a powder pressure 
which would destroy the gun. The advocates of the 
verdict of the Committee might no doubt reply that 
the two cases were not precisely similar, and that we 
have no right to reason from the small Palliser to 
the large Woolwich gun, Suchan argument would 
however be fatal tothe Woolwich system, because 
it would imply that the Palliser gun was so much 
stronger in proportion to the work it has to do than 
the Woolwich gun, that it could safely stand being 
fired with double charges, each containing 25 per 
cent. more powder than the service charge, whereas 
the Woolwich gun failed when fired with a double 
service charge. Hence we are led to one of two 
conclusions, either that the 38-ton gun was not 
strong enough to bear the ordinary chances of 
warfare, while the Palliser gun’ possesses a large 
reserve of power against such contingencies; or 
else, the verdict of the Committee was false. We 
can understand that neither of these conclusions 
are pleasant ones for the War Office authorities, 
but it seems nevertheless impossible to escape 
from one or other of the alternatives. It is greatly 
to be wished that thé question should be set at 
rest for ever, by carrying out, without further delay, 
the long-promised experiments on the surviving 
38-ton gun. 

We understand that everything has for some time 
been got ready at Woolwich for these trials, so that 
it now only remains for the War Office to give the 
signal. Delay can only be injurious, for it raises 
the suspicion that those who are responsible shirk the 
test. We have no hesitation in saying that the 
nation would much prefer to know the worst, than 





to be kept any longer in doubt. It cares but little 
for the accuracy of the report of any committee, or 
for the reputation of any clique of officers who have 
staked their reputation ona particular system of ord- 
nance, in comparison with the greater and more 
impotent question, that it shall in future be pro- 
vided with the best guns that can be produced. 
After all, gun-making is to a great extent an experi- 
mental art, and conseauently we must be prepared 
for errors of judgment, and can condone them, pro- 
vided they be not repeated; but what cannot be 
tolerated is, the stubborn sticking to wrong principles 
because their abandonment would involve an ad- 
mission of personal error. 

Leaving this question, and returning to the sub- 
ject of Sir William Palliser’s system of gun con- 
struction, it must be freely acknowledged that last 
Monday’s experiments have added one more proof 
to the many which exist already, that the system 
possesses great merits. In theory his is a right 
process of building up a gun, in manufacture it is 
cheap and convenient. Experience in this country 
has proved that the medium-sized pieces of ordnance 
constructed on this plan possess enormous strength 
and endurancc; while American experiments have 
demonstrated the fact that the system can be 
applied with equal success to guns of the largest 
size. Is it, therefore, too much to ask that our own 
War Office should give the system a fair trial before 
committing the nation to other courses which may 
involve a costly failure ? 





THE “ ARIZONA.” 

WE publish on the preceding page an engraving 
taken from a photograp of the bows of the screw 
steamer Arizona after her recent collision with an 
iceberg off the coast of Newfoundland. The circum- 
stances of the collision have been very fully described 
in the daily press, and it will be remembered that the 
vessel while steaming at about 14 knots an hour at 
night, and without the least warning, without even, 
so far as appears, the engines being stoped, ran full 
tilt against the iceberg, and so sustained the damage 
shown in the engraving. The bows were utterly 
crushed up for a length of about 26 ft. at the upper 
part, the fracture extending to about 14 ft. below 
the water line. We have no desire to discuss the 
question who was to blame for so untoward an 
accident, but sufficient is now known of the collision 
and its results to show that the vessel, with all on 
board, had one of the narrowest escapes on record 
from going to the bottom of the ocean. 

We have heard of small vessels ramming icebergs 
without suffering much injury, but it is no discredit 
to the Arizona that her bows gave way, for no 
ship ever built approaching her size could hope to 
ram an iceberg at 14 knots speed without crushing 
in the bows. It is however very much to her 
credit and to the credit of her builders that having 
met with such an accident she should still have kept 
afloat, and be capable of reaching a port of safety. 
There can be little doubt that had the vessel not 
been very strongly and faithfully built, with 
material and workmanship of the highest quality, 
she could never have kept water-tight after such a 
fearful blow. 

It is often objected that merchant ships are very 
insufficiently subdivided into water-tight compart- 
ments, and this is perhaps to some extent true, 
although there are strong practical reasons, as may 
be imagined, for the present wide prevailing practice 
in this respect. Thereis one bulkhead however that 
is fortunately never neglected, and that is one for- 
ward, termed ominously the collision bulkhead, 
generally situated from, say, 20 ft. to 30 ft. abaft 
the bow. Its integrity saved the Arizona, as it has 
saved hundreds of other iron vessels after less 
serious, or at any rate less heavy collisions. The 
proper position for this bulkhead is often a matter 
of discussion, and there can be no doubt the lesson 
taught by the Arizona’s accident is in favourof keeping 
it well away from the stem soas to allow the whole 
force of a collision to expend itself on the fore side 
of the water-tight bulkhead. 

In this case the whole energy of the blow had to 
be absorbed either by the bow of the vessel or the 
iceberg, or both. e softer the sides of the iceberg 
the more work it would absorb and the less would 
fall upon the ship. Taking the Arizona at a dis- 
placement roughly of 9000 tons moving at a speed 
of 24 ft. per second, the energy of the blow would 
amount to about 80,000 foot-tons, or supposing all 
the work to be absorbed by the ship it would re- 
present a resistance of something like 3000 tons for 
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every foot of the bow crushed up—a force sufficient 
to cause rupture in 150 square inches of iron if 
uniformly distributed. Of course in cases of collision 
the force of the blow cannot be uniformly distri- 
buted, and it is impossible to do more than judge 
of the nature of the blow by the results produced. 

The Arizona is, as our ers are aware, the’ last 
new Atlantic mail steamer, She was built by 
Messrs. John Elder and Co., for Mr, Guion, and 
was intended to beat all former vessels across the 
Atlantic in speed, and so to gain a preference in the 
passenger trade. There can be no doubt that 
the construction of the Arizona marks a new era 
in the type of our Atlantic mail steamers. In point 
of time she beat the Germanic and City of Berlin, 
and until the unfortunate accident to which we 
refer she was rapidly gaining in public favour and 
contidence. To this is doubtless due, in a measure, 
the resolution of the Cunard and Inman companies 
to build the enormous new vessels they have recently 
contracted for. The Arizona is 450.2 ft. long, by 
45.4 ft, beam, and 35.7 ft. depth of hold with a gross 
tonnage of 5147. The Sahara is to be 500 ft. long, 
50 ft. beam, and 4) ft. depth, while the new Inman 
steamer is to be 520 ft. long, by 52 ft. beam, and 
37 ft. deep. 

An idea of the strength of the Arizona’s bow may 
be gathered from the following facts. The stem is 
of solid wrought iron 9 in. by 5} in., the plating, 
which is 33 in, and 43 in. thick on alternate strakes, 
is at the bow + in. and }@ in. thick alternately. 
There are two iron decks extending the whole 
length, besides other strengthening at the bow in 
the way of frames, stringers, and breasthooks, The 
collision bulkhead is yyth of an inch thick, and 
about its rigidity and water-tightness there can. be 
no doubt after the test it has been put to. As we 
intend shortly to illustrate further the striking 
features of this magnificent vessel we need not 
further enter at the present time upon the details 
of her construction. 


THE WORK IN A POUND OF STEAM. 

TuE above is the title of an editorial article pub- 
lished by a contemporary- last week as a sequel to a 
similarly erroneous article which appeared in the 
same journal a few weeks ago, on ‘*The Theory 
of the Compound Engine”—an article which was 
noticed by us at pages 324 and 361 ante. 

What the work is in a pound of steam at any 
given temperature or pressure is a problem of great 
importance, and one that has been frequently dis- 
cussed in our columns, Those of our readers who 
have carefully read what has appeared in ENGINEER- 
ING on that subject, must by this time know pretty 
well what is the relation between work and heat, 
and what proportion of the actual energy of steam 
ought to be realised in the indicated horse power of 
a steam engine. We are, however, inclined to 
think with our contemporary that ‘‘it is by no means 
certain that the actual quantity of work in a pound 
of steam of any given pressure js known by all en- 
gineers.” We think few will dispute this serious 
statement. We need only read the article we refer 
to to discover that even an editor of a journal pro- 
fessedly devoted to such subjects, has not the re- 
motest idea of what is meant by ‘‘the work in a 
pound of steam,” although he has given that out as 
a text on which he proposes to supply information 
in a concentrated form, He prefaces his article by 
preparing the mind of the non-mathematical reader 
to accept his statements without proof, he says 
“that he must consent to believe that they are 
true; and that the proof of their truth is available 
to those who know how to seek it.” We will show 
up this information supplied in a concentrated form 
to be only a concentration of the most common 
errors of men who do not read—statements that 
would not in the lowest grade of science exami- 
nation. e do not mean that the statements of 
the writer in our contemporary are merely not quite 
correct, we mean that they are, wherever it is pos- 
sible, just the opposite of what is true, 

His explanation of the problem he has taken 
in hand to solve is that ‘it may be taken as 
an axiom that all latent heat is unavailable for the 
performance of external work—that is, such work as 
driving machinery—until it becomes again sensible,” 
Ile proceeds then to reckon up the units of heat of a 
pound of steam at 100 Ib. total pressure from abso- 
lute zero, He makes that 1,209,110 foot-pounds, 
and adds, ‘‘ The only portion of all this which we 
can draw upon is 228,512 units, which stand for 
sensible heat, and how much of this can be obtained 
in practice depends altogether on how much we can 








reduce the sensible temperature of the steam by ex- 
panding it. In other words, it de on the 
temperature of the steam when it begins to act on a 
piston at the commencement of its stroke, and on 
the temperature of the same steam when the ex- 
haust port opens. Let us oy that the steam is 
expanded ten times, then the initial temperature 
T will be 328 deg., and the terminal temperature ¢, 
omitting fractions, will be 193, and the difference 
or T—¢ will be 135 and 135 x772=104,220 foot- 
pounds. In like manner the useful work in a pound 
of steam of any other pressure can be calculated. It 
must not be forgotten, however, that these figures do 
not give the power which can be realised in practice, 
but the greatest amount of work which it is possible 
to get out of the steam if used in a perfect engine.” 
Further on he says again, ‘‘ we can only draw on the 
sensible heat in a pound of steam for work. If the 
rest of the heat has already been used up in pro 
ducing a change in the condition of the matter form- 
ing water, of course it cannot be available for use 
in an engine.” Now, in opposition to all this 
‘¢ concentrated” information, we have to state that 
in a perfect engine it is the /aten¢ heat alone which 
is available for the production of work. To illus- 
trate our statement we refer to the dia of 
Carnot’s cycle, or the working of the perfect 
engine to which our contemporary refers, The 
diagram is familiar to most of our readers, but for 
the sake of connexion we will describe it again. As 
in indicator diagrams, every point of the described 
curve denotes a pressure, a volume, and an instant 
of time. We will use the letters on the described 
figure in that sense, always stating in what sense we 
employ them. Beginning then at A we have a 
quantity of steam and water in the cylinder at pres- 
sure A, volume A. The engine is supposed to have 
a heavy flywheel, and to be in motion. The piston 
is moved, against the pressure A, compressing the 
steam, while the indicator describes the curve A B, 
no heat being imparted to or abstracted from the 
steam during that compression. The work done on 
the steam is transformed into latent heat and sen- 
sible heat, using these expressions in the sense in 
which they are commonly understood, If the re- 
sult of compression be only water, it will have been 
ali transformed into sensible heat, but if the result 
be a mixture of steam and water, part of the work 
will have been transformed into “latent heat” and 
part into sensible heat. Our engine must not be 
supposed to stand during this explanation. At B the 
cylinder is put in communication with a reservoir of 
heat at temperature T,,and more cf the water becomes 
steam at temperature T,. The piston moves now 
towards C, the indicator describing the line BC at 
the uniform pressure corresponding to temperature 
T,. AtC the communication of heat is stopped, and 
the steam expands from C to D, the indicator at the 
same time describing the curve C D, no heat being 
either imparted or abstracted during the time C D. 
The piston now returns from D to A, the starting 
point, carried on by the flywheel agaiust the uniform 
ressure D corresponding to the temperature T,. 
The work done by the engine is that indicated by 
the area ABCD. The portion of the diagram re- 
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"se. a. a av 
presenting the measure of the effect of the sensible 
heat along with the ‘‘latent-heat-of.compression” is 
the area 4 B Aa, wholly cancelled by the back pressure 
during the compression, The onward effect of the 
sensible heat and compression latent heat is indeed 
produced as a part of the area ¢ C D d, but it is 
exactly equal to 4 B A a, and, therefore, no part of 
the sensible heat is available in a perfect engine. 
much for our contemporary’s ‘information in a 
concentrated form.” 

If we were to illustrate this by the waterwheel 
simile as on page 325 anée, the action of the sensible 
heat would be represented by a little water lying 
in each bucket and carried round with the wheel, 
never leaving it (or by the weight of the buckets 
themselves), doing just as much work going down 
on one side as is done on it while it is rising on the 
other side ; the latent heat only, the water supplied 
to the dam from the pit level, would drive the wheel. 














If that latent heat water continued all in the 
buckets until it descended to the level of the tail 
race, that would represent the “ perfect engine.” If 
that water partly left the bucket, before reaching 
this level, this.would represent an engine working 
expansively, but not expanding as far as in the per- 
fect engine. To represent an engine working with- 
out expansion the water degins to leave the buckets 
from the very crown of the wheel, but does not 
necessarily all leave the buckets before the level of 
the tail race is reached. 

Having explained the principles of his calculation, 
the writer in our contemporary then proceeds to 
work out the weight of steam required to develop 
one horse power, he says: ‘One horse power 
exerted for one hour represents 1,980,000 foot- 
pounds; dividing this by 104,220 we find that 
in a perfect engine about 19 lb. of steam, having a 
pressure of 100 lb., and expanded ten times, would 
be required to give out an indicated horse power, 
if no account be taken of power exerted during 
the full pressure part of the stroke, equivalent to 
62,352 foot-pounds with 100 lb. steam.’ 

Our contemporary at this stage in his calculation 
has perhaps been reminded that many ocean steamers 
are regularly giving a better result than this calculated 
duty of one horse power using 19 lb. of steam per 
hour, and they are not perfect engines, and they are 
working with less than 100 1b. pressure, and less than 
10 for the ratio of expansion, He, therefore, only at 
the end notices that he has not yet taken the work 
of full pressure into account, and although that, as 
he states it, is as much as 60 per cent. of the amount 
of work he has already dealt with, he leaves the 19 lb. 
of steam per horse power unaltered, because the full 
pressure work is not a part of ‘“ the work in a pound 
of steam,” He seems to forget that he has given 
another specification of what he professes to be 
dealing with, ‘‘the work which a pound of steam 
represents,” and surely in the steam engine the work 
which a pound of steam represents includes the full 
pressure work, although the steam is at that time 
merely a piston moved by the heat force in the 
boiler, This, however, is not all that is wrong with 
his calculation, it is altogether wrong. 

The primary error he makes is the vulgar one of 
confounding temperature with heat. Now heat is 
a quantity, while temperature is merely a number, 
and although heat exists ¢emperature has no existence, 
it is an abstract word. ‘Temperature is merely the 
numbering of heat levels, and just as the numbers 
of the houses in a street are not houses or anything 
else than mere marks, eo temperature is merely a 
conventional numbering of heat levels. No doubt 
temperature scales have been constructed to give as 
nearly as possible equal quantities of heat for equal 
differences of temperature, and, therefore, the vulgar 
use of the word ‘‘ temperature” is app’ 
the same as that of ‘‘heat.” In science, however, 
such a mistake is not allowable, and is quite incon- 
sistent with a sound knowledge of the principles of 
the steam engine, In the ks from which our 
contemporary quotes there is mention made of latent 
heat and of sensible heat, and the term specific 
heat or the ratio between variation of heat and 
variation of temperature is even quoted in one of 
his foot-notes, but he seems not to be satisfied with 
any such fractional ratios, and he has, therefore, 
actually created a new style of temperature, which 
he very appropriately calls ‘‘ sensible temperature,” 
and he assumes that every unit of this ‘sensible 
temperature” in steam is exactly one unit of heat, 
Fortunately for his readers the figures at some 
temperatures lend themselves without much strain- 
ing to this false hypothesis, Steam used in a perfect 
engine between two temperatures, the higher one 
of which is numerically the same as the latent heat at 
that temperature will give the same efficiency, by 
calculation, whether we work by the correct rule of 
ne authors sme ha aneten oe blunder through it 

y our contempo: srule. is misleading tempe- 
rature is 385 deg. Fahr., for which the Siesiete 
temperature =the latent heat=846. 

the absolute temperature and the latent heat 
varied in the same order, although not quite by 
equal steps, our contemporary’s delusion might have 
still been a serviceable approximation, Unfortu. 
nately, however, as the one increases the other 
diminishes, and within the serviceable range of 
steam engine pressures the difference becomes very 
important, In the example given by our contem- 
porary, at the temperature 328 deg. we have the 
absolute temperature 789 deg. and the latent heat 
885 units, and the difference between the two cal- 
culations would be proportionately the difference 
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between these two numbers. The calculation ought 
therefore to have been, if he will persist in working 
with a back pressure due to the temperature, 193 
deg., 

885 x ea X772=116,900 foot-pounds. 


This includes all the effect that can be produced 
by 11b. of steam between these two temperatures of 
boiler and condenser in a perfect engine. 

The work in the given pound of steam between 
328 deg. and 148 deg. is nearer what the practical 

uestion would be, that is just one-third more than 
the above, or 155,866 foot-pounds, and at that rate 
12.7 lb. of steam would be required for one horse 
power with a perfect engine. 

We have indeed found our contemporary’s 
article serve a useful purpose; it has given us 
an opportunity of illustrating a too common fallacy 
about temperature and heat, and we hope that our 
explanation of the coincidence upon which that 
error has no doubt been based, will clear away 
whatever difficulty any of our readers may have ex- 
perienced in dealing with this question. 

We might have further followed our contem- 

rary in his devious ways and pointed instruction 
by correcting his blunders. He gives 10 as the 
ratio forthe expansion from 328 deg. to 193 deg. ; 
we wonder if any of his friends have told him yet 
that the ratio is under 8; that is, that steam of 
100 1b. pressure gross, and 328 deg. temperature, 
expanding to 10 1b. gross, and 193 deg. temperature, 
will in the latter condition occupy only eight times 
the initial volume, 








A RETENTION-IMAGE PHOTOMETER. 


ALL our photometers or light measurers depend 
upon the capacity of the sight for estimating the 
relative brightness of two objects, and hence they 
are liable to give more or less inaccurate indica- 
tions, owing to the inherent defects of that sense. 
We cannot yet measure light, for example, with 
the accuracy we attain in measuring heat, because 
we have not found a good means of making sensible 
the physical changes which light produces in bodies, 
as the thermometer for example makes sensible the 
dilatation of the mercury column under increase of 
temperature. The influence of light on the electric 
resistance of selenium or on sensitive chemical com- 
pounds, may in time be utilised as a means of mea- 
suring its intensity, but at present we are forced to 
refer directly to the eye. The existing methods 
consist in ——s two lights, one of which is 
taken as a standard. In England the criterion of 
illumination is the standard candle made of pure 

rmaceti, weighing one-sixth of a pound, and 
burning 130 grains of spermaceti per hour; in 
France it is the Carcel jet, consuming 42 grammes 
of pure colza oil per hour, and yielding about ten 
times more light than the English standard. Lights 
are compared through their effects of luminosity or 
of shadow. For example, in Rumford’s photometer 
the two lights to be compared are made simulta- 
neously to project two shadows of an upright rod 
upon a screen placed behind the rod, and the 
stronger light is shifted backward until the eye 
judges the two shadows to be equally dark, and 
when this is the case the intensities of the two 
lights are respectively proportional to the squares of 
their distances from the shadows on the screen. 
Thus if one light be twice as far from the screen as 
the other when the shadows on the latter are equally 
dark, its intensity is four times greater than the in- 
tensity of the other light; if three times as far, its 
intensity is nine times that of the other, and so on. 
Bunsen’s photometer, again, consists of a paper 
screen having a grease spot made with spermaceti 
dissolved in naptha on it. One light is placed in 
front of the screen, so as to cause the spot to appear 
dark to the eye, the other is then placed behind the 
screen, and since it tends to make the grease spot 
appear bright, it is shifted backward until the spot 
is neither dark nor bright, but seems to merge into 
the rest of the paper. The relative intensity of the 
two lights is then ——— to the squares of 
their distances from the screen. Another well- 
known photometer is Wheatstone’s, in which a 
bright metal bead is made aay to describe a 
es flourishing” th round a dial face by means of 
wheelwork. e two lights are ca to shine 
upon opposite sides of the bead, and the two re- 
flections are seen as two luminous ribbons describ- 

iar path of the bead. When the 


of the ive lights are calculated as before by 
the law of squares. 

A new photometer, differing from either of these, 
was presented to the Physical Society on No- 
vember 22nd by Professor Frederick Guthrie, its 
inventor. Its action depends upon the well-known 
fact of the istence of visual images on the retina 
for something like a tenth of a second after the 
object has vanished; and Professor Guthrie has 
termed it a retention-image photometer, The in- 
strument exhibited was only in its crude experimental 
form, but the accompanying diagram will serve to 
show the principles of its operation. It consists of 
a revolving axle A carrying two circular brass discs 
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Bé at one end, and a third disc B' at the other, 
This axle can be turned by hand or by mechanism 
if required. The discs are all perforated with radial 
slots, four in number, extending from near the centre 
of each disc to near the circumference. The slots 
in B and 4 are of equal dimensions ; and they are a 
good many times, say ten times, wider than the slots 
in B', Both the discs B and B! are rigidly fixed to 
the axle, but 4 is free to move partially round it. 
In fact, the disc 4 is intended to act as a ‘ blind” 
for the disc B, as it can be shifted so as to close up 
the orifices or slots in B, either wholly or in part ; 
and, further, a scale can be fitted to the edge of B 
in order to measure how far its orifices have been 
blinded or closed by the companion disc 4. The 
remainder of the apparatus consists of two small 
plane mirrors M M', each fixed at an angle of 
45 deg. to the axis round which the discs turn, or to 
the plane of the semi-transparent screen S, which 
is placed in front. In using the apparatus, the two 
lights L and L' to be compared are placed, as shown 
by these letters ; and L' being the stronger light, is 
placed on the side of the disc B', which has the 
smaller slots. The discs are now rapidly revolved 
by turning the handle H, and, as each slot passes in 
front of the light which is next to it, a ray is shot 
through it on to the pee a nape mirror. Thus 
when a slot of B comes opposite the light La ray 
falls on the mirror M, and is reflected at a right 
angle to its former path upon the screen S in front. 
Similarly when a slot of the other disc B! comes 
opposite the light L' a ray falls on the mirror M' to 
be reflected also upon the screen in front, where 
the two reflected beams appear side by side. Now, 
as the discs revolve their slots and opaque parts 
alternate, so that the light alternately falls upon 
each mirror, and is cut off in. Thanks to the 
retention of images by the eye, however, the reflec- 
tions on the screen, although diluted to some extent 
with shadow, are seemingly continuous, and present 
the appearance of two parallel bands of brightness 
to an eye placed at E or (if the screen be semi- 
transparent) at E'. The observer, watching these 
two bands, regulates the width of all the orifices in 
the disc B, by sliding round the adjustable blind or 
shutter 4, until he judges the two reflections on the 
screen to be of equal brightness. When this is so, 
the intensities of the two lights ought to be inversel 

as the width of the relative respective slots through 
n the 
off on 





which their beams were allowed to fall u 
mirrors; and this result can be easily 

the scale. 

Dr. Guthrie has tested his new photometer, and 
found it to give reliable indications. With two 
equal candles pitted against one of the same sort, 
he found that the orifice for the two required to be 
exactly one-half of that for the single flame. It has 
one decided advantage over the older photometers, 
and that is its simplicity of action, for it necessitates 
no shifting of the lights, no measurement of their 
distances, and no subsequent computation of their 


AMERICAN SHIPBUILDING INDUSTRY. 


Tue shipbuilding trade of the United States has 
shared the gen rity of the great republic, 
and several contracts of interest are now in course 
of execution. Messrs. J. Roach and Sons, of West 
Chester, rr ee have on hand an iron 
steamer for the Cromwell line to run between New 
York and New Orleans. She wiil be one of the 
finest vessels in the American coasting trade. Her 
length over ali is 349 ft. 9in.; her beam, 39 ft. ; 
her depth of hold 27 ft. 7$in., while her burthen 
will be 3000 tons. A contract has recently been 
closed by the same firm for the building of another 
iron steamer for the Oregon Steamship Company 
on the same plans as those which were prepared 
for the steamer Oregon, launched a year since. 
Besides these vessels, the City of Santiago, built 
for the New York and Havana line, the Colorado, 
built for the Brazil line, and the side wheel 
steamer Elias, built for Brazilian merchants for 
the Amazon trade, have also been completed at 
Messrs. Roach’s yard during the last three months. 
Since January, there have indeed been turned out 
from this yard eight first-class ocean steamers, 
besides a large sectional iron dry dock for the 
Pensacola navy yard. We ought not to omit to 
note the recent launch by Messrs. Roach of the 
steamship City of Alexandria, built for Alexandre’s 
New York and Havana line. The City of Alex- 
andria is 322 ft. 6 in. long over all; her beam is 
38 ft. 6 in., while her depth of hold is 26 ft. 3 in., 
and her burthen 3000 tons. Messrs. Cramp and 
Sons, of Philadelphia, have recently contracted to 
build a Delaware river steamer. The principal 
work which they have on hand is the building of a 
large coasting steamer for carrying freight for 
Morgan’s line in the New York and Texas trade. 
This steamer is 320 ft. long between perpendiculars, 
while she is 42 ft. beam, and 31 ft. depth of hold, 
with 8 ft. sheer forward, and 4 ft. sheer aft. She 
will be fitted with compound engines of an improved 
type, the cylinders being 35 in., and 70 in. in dia- 
meter respectively, with 54 in. stroke, and 80 lb. 
pressure of steam. This vessel is expected to attain 
an average = of 124 knots per hour. 

4 and Hollingsworth Company, of 
Wilmington, Delaware, have now in course of con- 
struction at their yard a ferry boat ordered by the 
Nassau Ferry Company of ‘New York ; a ferry boat 
for the West Jersey Ferry Company ; and a ferry 
boat for the Baltimore and Ohio and the Phila- 
delphia, Wilmington, and Baltimore Railroads. 
This last ferry boat is intended to be used as a 
transfer boat for moving cars from Canton to Locust 
Point. Her dimensions are: Length over all, 
324 ft.; breadth of hull, 35 ft. 8in.; draught when 
loaded, 5 ft. There will be five lines of rails on the 
deck, and the boat will have a capacity for the 
movement of 30 freight and 18 passenger cars. Her 
hull being of iron, the boat is expected to make her 
way through winter ice with ease. The Harlan and 
Hollingsworth Company have also recently con- 
tracted for the construction of a sister ship to the 
Decatur H. Miller, which was recently launched 
from their yard for the Merchants’ and Miners’ 
Transportation Company to ply between Baltimore 
and Boston. The Decatur H. Miller was fitted with 
all modern improvements. She is 25u ft. long, 
38 ft. 8 in. beam, and 26ft. depth of hold. The 
Harlan and Hollingsworth Company are so well off 
for work that they are at present employing 1100 
mechanics and labourers. A coasting steamer for 
the American trade has been completed at the 
works of Messrs, Pusey, Jones, and Co., for 
merchants in Ecuador, and will be shipped to its 
destination in sections, which will be transported 
by way of the Isthmus. A steamer is also in course 
of construction at these works for the United States 
Fish Commission, 

At Delamater’s, at the foot of Thirteenth-street, 
North River, New York, there are now 900 mechanics 
we. and four marine engines, thirteen marine 
boilers, and six land boilers are now in course of 
construction. Messrs. Roach and Sons, of the 
Morgan Works, have a little Government work 
on hand; they are also fitting up the engines for 
some of the vesselsin course of construction at West 
Chester. Messrs, Fletcher and Harrison have on 
hand a pair of engines for a steel steamer now 
building for the Hudson river trade. There is also 
a good deal of work of a varied nature on hand at 
the Quintard, Cornell, and Albany Iron Works, 
&c, ‘To some of this we may possibly make some 
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THE BARFF PROCESS FOR THE PROTECTION 
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Proressor Barrr’s process for the protection of iron 
surfaces, brought before the public a few years since, 
and to which reference has already been made in these 
columns, appears to be now introduced on a commercial 
scale. The object of this process is to deposit, on the 
surface of the iron to be protected, a coating of black 
oxide which is closely adherent to the metal. To secure 
this adherence was for a long time found to be the chief 
difficulty of the process, which consists in the exposure 
of the iron to be protected, to the action of steam in a 
heated chamber. At first saturated steam was employed, 
which produced a covering of red oxide, reduced by the 
liberated hydrogen to metallic iron, and subsequently 
converted into black oxide as the steam became super- 
heated. This oxide, however, remained in the form of 
minute scales on the surface which could be freely de- 
tached. This difficulty was surmounted by the use of 
superheated steam, the remainder of the process being 
the same. By this slight modification the iron so treated 
becomes covered with a thin film of black oxide adhering 
80 closely to the surface that it is detached only with 
great difficulty. 

Fig. 2 shows the form of apparatus first designed for 
the application of superheated steam to this purpose. 
The superheater consisted of a coil of pipe placed within 
a furnace; one end of this coil extended upwards for a 
height of 34ft., and entered a cistern which was kept 
supplied with water; the other end entered an iron 
chamber placed above a furnace. This chamber was 
furnished with an iron door, in which a tube was fixed 
to allow of the escape of the hydrogen formed during the 
process. The water entering at one end of the coil 
passed out at the other in the form of superheated steam. 
Several difficulties attended this form of apparatus, the 
chief being that the steam frequently passed into the 
chamber without being superheated, the result being 
the formation of a loose black oxide on the sur- 
face to be protected; air also sometimes penetrated 
into the furnace. Fig.1 shows the arrangement subse- 
quently adopted, and which is found to answer well 
in practice, Here the steam is generated in a separate 
boiler, and taken off at a pressure of about 10 Ib. to the inch 
to the superheater, which consists of a coil of iron pipe, 
1 in, in diameter, and about 40 ft. long. This coil is piased 
in the furnace, and is protected at the sides and ends by 
slabsof firebrick. The superheated steam passes through 
the pipee into the muffie A, which is of brick, ex- 
perience having shown that this answers better than 
iron, besides sal aoe This muffle is heated by a 
furnace underneath, the flues passing up on each side of 
it, and meeting in achamber above. Theexcess of steam 
and the hydrogen escapes through the pipe d, and dis- 











charges underneath the boiler furnace. In carrying out 
the process, the mafile is first heated to a temperature 
of about 500 deg., when the articles to be treated are 
introduced, the door is closed, and the temperature is 
restored. The superheated steam is then admitted, and 
after a period varying from five to ten hours, the surfaces 
to be treated are covered with a protecting coat of black 
oxide, which appears to offer an effective protection 
against every oxidising agency. This very inter 
process is now commercially adopted by the Rustless and 
General Iron Company, of 97, Cannon-street, London, 
who have several sets of apparatus in use, the largest 
muffle being 7 ft. wide, 3 ft. high, and”@l2 ft. long. 





IRON EXPORTS TO AMERICA. 
THE suggestive facts in regard to the exports of iron 
and steel to the United States point out the reality of 
the revival, and the largeness of its effect on the British 


iron and steel trades. It appears that when contrasted G 


with the exports of iron to the United States during the 
first ten months of last year, the exports during the 
first ten months of the present year rose by nearly a 
quarter of a million tons. In pig iron the increase was 
from 23,282 tons to 164,234 tons for the ten months; in 
bar, bolt, and rod iron, it was from 4318 tons to 5532 tons ; 
in railroad, it was from 703 tons to 28,575 tons; in tin- 
plates, from 87,782 tons to 124,254 tons; in hoop, sheet, 
and plate iron, from 754 tons to 3935 tons; and in old 
iron, from 1485 tons to 82,960 tons. Very large expor- 
tations still continue from Glasgow, Liverpool, Middles- 
brough, West Hartlepool, and Barrow, and it is certain 
that the business done with the United States in iron at 
the end of the year will have been far in advance of any 
recent year. It is possible that the class of iron to be 
sent will be changed, for there ‘is a lull in the demand 
for pig iron, whilst for certain kinds of manufactured or 
semi-manufactured iron and steel there is an increase. 
It was recently stated in the United States that orders 
for steel blooms had been placed to an extent which 
would at the lowest rate of duty give to the United States 
Treasury a sum of 100,000/. for duties, so that the value 
of the goods ordered—and chiefly in Britain—must have 
been more than three times that amount. Large 
quantities of bar and rod iron are known to have 
been ordered, which must materially swell the returns 
of the exports from Britain during the next few months. 
It may be fairly stated that at a low average the pay- 
ments—in money or goods—from the United States to 
Britain for the iron and steel goods will be at least 
1,000,000/ for the increased quantity alone. 





OF IRON. 





Fig. 2, 


A large portion of these exports has been of Oleve- 
land iron and steel directly and indirectly. Last month 
the shipments of pig iron from Middlesbrough alone 
were 18,800 tons, whilst Stockton has sent one cargo 
and West Hartlepool three large ones. Somewhat 
singularly, the Cleveland iron has met with the old ob- 
jection which has been overcome in England long ago— 
that itis “cold short.” Larger quantities have been, 
however, contracted for, and are now being sent, and it 
appears probable that before these shipments are con- 
eluded there will have been 100,000 tons of pig iron sent 
from Oleveland—though that quantity will include a 
portion of hematite iron and spiegeleisen also. Steel in 
one or two forms has been sent—a large contract for steel 
rails now being worked for one of the Southern States, 
whilst crop ends of steel have also been sent, and it is 
said that steel blooms will also be exported in tolerably 
large quantity. During the winter months, owing 
to the rise in freights, and the comparative scarcity of 
shipping, the exports to America must naturally be ex- 
pected to fall, but with the spring there are indications 
of a trade far in advance in quantity of that done during 
the present year, and one which must be at a large in- 
crease on the prices that haveruled. During the present 
year some of the contracts for pig iron for the States were 

laced at as low as 35s. or 36s. per ton for Cleveland pig 

m, but for next year makers quote from 6s. to 7s, per 
ton above these rates, and other goods are higher in _ 
— and sometimes in more than a corresponding 
ratio, 





St. PererspurGsH Sup CaANAL.—It will be remembered 
that a firm of American contractors, Messrs. Morris and 
Cumings, of New York, recently secured an im con- 
tract for the dred: of a ship canal, someten m inlength 
ong broad between Goonies and St. Peters- 

. commenced operations e breaking up 
of the ice lest spring, but weather of unusual severity has 
prevailed, and we hear that the apparatus ared by the 
engineers were lately driven askore and pe or damaged. 


FRENCH AND ENGLISH SHIPBUILDING.—The French 
eneral Transatlantic Company have obtained a contract 
for a mail service between France and Algeria as from July 1, 
1880. The company requires ten new steamers for thi 
service, and it invited tenders for their four 
French firms being especially invited to —-. 

of them declined to tender on the ground that they could 
not build steamers of the size required in a months. 
The fourth, the Fo: et Chantiers de la Méditerranée, 
which has large at Havre and Marseilles, offered to 
build six, but could only engage to deliver one in ten 
months and a half, and w in fourteen months. The 





rice ded was also 56,0001. steamer. Four a 
i and Scotch firms, with w on the banks of 

Tyne and the Clyde, obtained contracts at an average price 
of 45,5901. steamer. These firms undertake to de- 


— aeencam of the ten steamers in seven months and a 





Gas in SourH AvustRatia.—Sir H. Ayers turned, Aug. 
30, the first sod of ground about to be occupied at — 
near a South Australia, » 


a new gasho! 
w is to oe Sten ted hadewian as oar” 
pany. About 350 tons of coal re ane wee, a Se 
man 


com s works, and the quanti gas ufactured 
ee ae ae 3,000,000 eubic feet per week. 
The consumption is greatest between eight and 

on Saturday ings, when about 90,000 ft. are used 
during the hour. are two gasholders now at the 
Brompton works. The smallest contain about 70,000 
cubic feet, the second 250,000 cubic feet, and the new one 
1,000,000 cubic feat of gas. This huge vessel is now on the 
sea, and when erected and ready for use its total cost is ex- 
pected to be about 30,0001. the larger of the two 





existing gasholders, it will be made telescopic. 
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FOREIGN:AND COLONIAL NOTES. 
Queensland Railways.— The railway policy of the 
Queensland Government, to be enunciated when the Loan 
Estimates are brought forward, is anticipated in the colony 
with some interest. There appears to be no question about 
extending simultaneously the three existing trunk lines 
from Brisbane, Rockhampton, and Townsville to the in- 
terior ; but there is more uncertainty as to what branch 
lines will be undertaken. The following branch lines are 
asked for: East Moreton district, from Brisbane to Ca- 
boolture vid Sandgate, a watering-place 15 miles from 
Brisbane ; West Moreton, a line to connect Fassifern with 
the Southern and Western Railway ; Darling Downs, two 
branches—from the Central line to the Clermont agricul- 
tural district, and from Cooktown to the goldfields in the 
interior. A private system is also on foot to construct a 
line, 15 miles in length, from the Mary river to the Burrum 
elds. The nominal capital of the company has been 
fixed at 100,0002,, and the Government are asked for a 
concession of 25,000 acres of land either in the vicinity of 
the line itself, or, if not available there, in some other part 
of the district. The promoters undertake to make their 
own survey, and they do not anticipate any difficulty in 
raising the requisite capital. 
An American Sieam Hammer .—Messrs. Park Brother® 
and Co., of Pittsburgh, have decided upon the erection 
a 15-ton steam hammer at their works at Pittsburgh, and 
work will be commenced at once and rapidly pushed to com- 
pletion. This will be the la: hammer in the United 
States. .The epee at is one at the works of the 
Nashua Iron and Steel pany, which is rated at 10 tons. 
The anvil block will weigh 150 tons; and it is desirable 
that it should be cast solid, as an anvil ie in never 
is so satisfactory. Some time since Messrs. Park Brothers 
and Co. asked for bids for an anvil, and could only get them 
for an anvil in sections; and, therefore, they concluded to 
cast the anvil in one piece themselves. Two furnaces will 
be erected for this purpose, and ihe anvil will be cast in the 
earth face down at the side of the foundation upon which it 
is to be placed, and upon which it will be turned by the 
use of hydraulic screws. The furnaces used for the cast- 
ing of this block will be tem stractures, and will be 
removed as soon as the anvil is cast. The farnaces for cast- 
ing the 15-ton hammer head will be permanent, and will be 


for use in connexion with the hammer afterwards. A 5-ton 
hammer will be erected near the one, and will be used 
in finishing the work of the 5 15-ton hammer will 
have a 9-ft. stroke. The w plant will cost some 
60,000 dols. to 70,000 dols. It will require about six 
months to complete the work. 


The Hudson River Tunnel.—The works of this great 


tannel are now well in hand. The entrance to the tunnel 
on the Jersey side of the river will be from the corner of 
Jersey Avenue and Fifteenth-street, to extend thence to 
the Hudson about 3400 ft., thence under the river, curving 
five degrees northward to the New York bulkhead line, at 
or near the foot of Moreton-street, about 5400 ft., thence 
curving slightly southward about 3000 ft. to a point to be 
selected by the New York Board of Aldermen. The entire 
length of the tunnel and its approaches will be about 
12,000 ft., or about one mile under the river and about 
three-fourths of a mile on each shore. The tunnel walls 
will be constructed of the best hard brick and cement, 3 ft. 
in thickness, circular in form, 26 ft. in width and 24 ft. in 
oa The tunnel will be painted white inside, and will 
be lighted with gas, with a double-track railway of heavy 
steel rails upon stone ballast 5 ft. from the bottom. More 
than 400 trains will be able to pass through the tunnel 
daily. Freight and market trains will have transit at night, 
drawn by powerful engines made expressly for the purpose, 
to be run by signals, without bells or whistles, consuming 
their own steam and smoke or run with compressed air. 


American Locomotive Building.—The Baldwin Loco- 
motive Works, Philadelphia, have completed and shipped 
two locomotives to Melbourne. In addition, their foreign 
orders include several locomotives for railroads in Brazil, 
Mexico, and Cuba. Although the day for cheap locomo- 
tives has passed and gone, pig and bar iron having increased 
70 per cent. in price since the inning of the year, still 
the great crops of the Western States have to be moved ; 
and, in consequence, American railroad companies which 
had not ordered a new engine in six years, are now sending 
in their orders, eyen at the increased rate. The Baldwin 
Works are now finishing contracts for fifteen locomotives 
for the Cincinnati Southern, six for the Kansas Pacific, 
eight for the St. Louis and San Francisco, and five for 

organ’s Louisiana and,Texas line. One of the largest 
contracts now on hand at the works is for twenty engines 
for the Philadelphia and Reading Railroad. Sixteen of 
these are what are technically termed consolidation freight 
engines, and they will be all furnished with Mr. J. E. 
oe a patent firebox for burning anthracite dust and 

use. 

South African Bridge Building.—Among other Govern- 
ment works now being carried on in Sonth Africa is a sub- 
stantial bridge across the Kraai river, about six miles be- 

ond Aliwal North, on the road leading to the Native 
ia, New oy and Morosi’s country. This work 


fair , and some of the piers are a show. 
This breige will be built entirely of stone, and will be 60 ft. 





high from the bed of the river. ere will be six arches, 
each having a span of 40ft., but the full length of the 


was only begun about three months since, but it has made | was 





bridge will be 350ft. The roadway will be 16ft. wide. 
It will probably be completed about the same time as the 
iron bridge across the Orange river at Aliwal North. 


Piers at New York.—The New York Central and Hud- 
son River Railroad Company has made an application to 
the New York Dock Commissioners for the privilege of 
erecting: a new pier running diagonally from near the foot 
of Sixty-fifth-street, North River, New York. 


Queensland Lighthouse Department.—The lighthouse 
buildings at Cape Moreton, and the boatmen’s at 
Bulwer, have been repaired and improved, the new light- 
towers at Cowan Cowan and Comboyuro strengthened, and 
the new offices for the department commenced. - New illu- 
minating apparatus has been placed at Cowan Cowan and 
Comboyuro, and these lights have been pronounced to be 
beantifal agieinene of optical skill. The light at Cleveland 
Point has been improved, and a new one placed on the 
high land at St. Helena. 


Rails in France.—In the first six months of this year 
France produced 20,105 tons of iron rails, as compared 
with 26,891 tons in the corresponding period of 1878. The 

uantity of steel rails made in France in the first half of 
this year was 105,004 tons, as compared with 101,958 tons 
in the corresponding period of 1878. 


American Mechanical Industry.—While the mills of 
the Sow and Rensselaer Iron and Steel Company are 
busy in all departments, it is not true that the company 
have orders a year ahead. They are producing over 250 
tons of steel rails and over 100 tons finished merchant iron 
per day, besides all the merchant steel their 18 ft., 16 ft., 
and 9 ft. trains can handle. The company also are turn- 
ing out about 30 tons of railroad spikes and rivets. Some 
2000 men are emplo: in the establishment. The Rhode 
Island Locomotive Works at Providence are full of work, 

ing large orders from the north-west. At the Scott 
Foundry, Reading, work is plentiful, and the steam forge 
of the Iron Company is in constant operation. 


The Suex Canal.—The Suez Canal Company is suffering 
from the stagnation of trade between Europe and the East. 
The transit revenue collected in the first ten months of this 
year from 1223 ships was 972,6281., as com with 
1,041,042l. collected from 1340 ships in the corresponding 
period of 1878, and 1,092,4241. collected from 1381 ships in 
the corresponding period of 1877. 

New South Welsh Rai ye ote section to South Wagga 

September Ist. This brings the Great Southern 
line of New South Wales about four miles nearer to the 
Victorian border. The line was previously 0 to 
North Wagga, on the opposite or northern of the 
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THE SMITHFIELD CLUB SHOW. 

Tue Smithfield Club Show, which opened on 
Monday last at the Agricultural Hall, although of 
average extent, is not one marked by many special 
features in the departments with which we have to 
deal. To a great extent this is probably due to the 
fact that it follows so closely the Kilburn Show of the 
Royal Agricultural Society, a show which disastrous 
as were its commercial results was yet one which 
by its anticipated importance led manufacturers of 
agricultural machinery to make special efforts to 
bring forward all novelties which they had in course 
of development. There are, however, at the Smith- 
field Show a great number of exhibits deserving 
notice, and with these we will now proceed to deal. 


PorTABLE AND FIXED ENGINES. 

The present Smithfield Club Show, although in- 
teresting enough to all who wish to acquaint them- 
selves with the present state of portable and fixed 
steam engine building as represented by the practice 
of our leading firms of agricultural engineers, is yet 
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a very disappointing one to any one in search of 
novelties. We have, in fact, rarely visited an exhi- 
bition of the kind which required so little notice at 
our hands, It is not that the collection of engines 
is a small one, for in respect to numbers of exhibits 
it is fully up to the average, nor isit that the engines 
shown are inferior in quality, for the reverse is 
really the case; but simply that this year makers 
have, with very few exceptions, adhered strictly to 
their established patterns, and avoided new designs, 
It thus follows that, although there is much to 
commend, there is little to describe specially, and 
our task will hence be a briefer one than usual. 

We have for some years made itarule to com- 
mence our survey of the exhibits at the Agricultural 
Hall at the north-west corner, and it will be con- 
venient to adhere to this arrangement on the 
— occasion. In the corner indicated we find 

fessrs. John Fowler and Co., of Leeds, occupying 
their usual position, and exhibiting four engines, 
namely, a 16-horse power ploughing engine, two 
8-horse power traction engines, and a 6-horse agri- 
cultural locomotive. These engines are all of the 
firm’s standard patterns, which we have described 
on former occasions, and the three larger engines 
are fitted with Church’s equilibrium slide valve, 
which Messrs. Fowler and Co, have now used 
largely. One of the traction engines is of Messrs. 





Fowler’s large wheel type, the driving wheels being 
7 ft. Gin. in diameter, and hence specially adapted 
for traversing rough ground. Messrs, Fowler are, 
we understand, developing these large wheeled 
engines, and they have at present under trial an 
engine with wheels no less than 12 ft. in diameter. 
Of this engine we hope on a future occasion to have 
more to say. The steam cultivating implements 
exhibited this year by Messrs, Fowler do not include 
any novelties. 

The next stand is that of Messrs. Clayton and 
Shuttleworth, and here we also find an absence of 
novelties. Messrs. Clayton and Shuttleworth have 
for many years made it a regular practice to 
exhibit at their stand an exceptionally finished en- 
gine as a specimen of high-class workmanship, 
and on the present occasion the example chosen 
is a 6-horse portable, which in the neatness of its 
design and high finish, fully equals its predecessors. 
In this engine we notice an addition which Messrs. 
Clayton and Shuttleworth have made to the feed 





pump in the form of an additional cock between 








WEBB’S CIRCULAR SLIDE VALVE AS FITTED TO 
MESSRS. AVELING AND PORTER’S TRACTION ENGINE. 


the pump and the cock ordinarily placed at the 
junction of the overflow or return feed pipe with the 
branch from the exhaust pipe through which steam 
is taken to heat the feed. In the arrangement which 
Messrs. Clayton and Shuttleworth, in common with 
many other makers, have generally adopted, the 
feed to the boiler is regulated by opening or closing 
a cock on the pipe through which the feed water not 
pumped into the boiler is allowed to return to the 
feed tub, mixing on its way back to the latter with 


H)},| a portion of the exhaust steam brought to it by a 


branch pipe. The effect of the arrangement pre- 
viously employed was that when the cock on the 
return pipe was closed, not only was all the water 
from the pump delivered into the boiler, but the 
communication between the exhaust and the feed 
tub was shut off. By means of the additional 
cock now fitted, however, it is rendered possible to 
shut off the return of water to the feed tub, while 
leaving the communication between the exhaust and 
feed tub open to any required extent. Besides 
the engine just mentioned, and another portable, 
Messrs. Clayton and Shuttleworth also show one of 
their traction engines, but in none of these engines 
are there any new points requiring description. 
Mr, E. Humphries, of Pershore, whose stand ad- 
joins Messrs. Clayton and Shuttleworth’s, exhibits a 
portable of neat design, but without special features, 








with the exception of the wheels, which are of a 
pattern which is new to us, The sketch annexed 





will explain their construction, The wheels have 
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robably been made by welding the arms on toa 

ind of star-shaped centre, but the effect produced 
is as if each of the two sets of arms had been cut 
out of a plate about gin. thick, The appearance of 
the wheels is exceedingly neat. 

Messrs. Charles Burrell and Sons, of Thetford, 
who come next, show a 16-horse ploughing engine, 
anda 7-horse traction engine. The ploughing engine 
is one of a pair for working on the double oe, no 
system, and it is of the pattern which the ers 
brought out at the Royal Agricultural Society’s Show 
last summer, and which we described at the time. 
One of the chief features of the engine is the 
arrangement of the gear which enables the width of 
the engine to be kept down to 7 ft. 6 in., with driv- 
ing wheels 22 in. wide. The traction engine exhi- 
bited by Messrs. Burrell at the present show is of a 
new pattern, although it of course embodies many 
features of the makers’ regular practice. The details 
of the engine proper, such as the guide-bars, link 
motion, governor, &c., have been exceedingly well 
worked out. The keys on the crankshaft are planed 










Zit Notch. 





Fug. 6. 


Cylinder 9"diam x7 2 stroke 
Rovolutions 12.0 permanute, Load 
on Brae - 36.75 P Baler pressure 11003 








Indicated 1P - #4. 3. 


Glinder 9" diam. 1 1% stroke. 
Rew per nurute, Load on 
Drake about 26 P Bole pressure 110 











Indicated WP = 32, 


out of the solid, and the change of pinions for vary- 
ing the speed is effected by one lever, the arrangement 
being that patented by Messrs, Burrell and Edwards, 
and illustrated by us on page 467 of our twenty- 
sixth volume, The countershaft is carried in a tubular 
casting, which is bolted rigidly between the horn- 
plates, making a very firm job, and the engire is 
also fitted with Messrs. Burrel]’s combined winding 
drum and compensating gear, a useful addition, 
which we have noticed on former occasions, 

We have next four stands at which there are no 
special features to be dealt with, namely, that of 
Messrs. Armitage and Ruston, of Chatteris, who 
show an ordinary portable, that of Messrs. J. and H. 
McLaren, of Leeds, who exhibit a well-built 6-horse 
age i locomotive of their regular type, that of 

. F. Savage, of King’s Lynn, who shows one of his 
steam-ploughing oo in which the driving 
wheels, when raised from the ground, form the rope 
drums—an arrangement of engine which has done 
some good service—and that of Messrs. J. and H. 
Howard, of Bedford, who show an example of their 
well-known ‘ farmer’s engine.” 

Messrs. Howard occupy as usual the south-east 
corner of the Hall, and proceeding next along the 
southern side we come to the stand of Messrs. 
Aveling and Porter, of Rochester, who this year 
exhibit three engines, the largest a 14-horse 
ploughing engine. Messrs. —s nd Porter have, 
we are glad to see, taken up Mr. F, W. Webb's cir- 
cular slide valve, and they exhibit a traction engine 
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fitted with it, We havealready spoken of this valve, 
and of the successful results obtained with it on the 
London and North-Western Railway, and we con- 
sider it a valve admirably suited for traction engines. 
We give on the previous page engravings showing it 
as fitted on Messrs. Aveling and Porter’s engine, and 
from the views given, it will be seen that the 
two chief features of the arrangement are, first, 
that the valve is free to move round in the 
bridle on the valve spindle; and, secondly, that the 

linder face is so formed that some portion of 

e valve face is at all times exposed to the exhaust 
steam. Referring to Fig. 1 of our illustrations, it 
will be seen that the exhaust port in the cylinder 
face communicates with a recess in that face at the 
top and bottom, this recess bringing the exhaust 
steam in contact with the face of the valve as the 
latter passes over the recess. The lower recess is 
drained by a hole communicating with the exhaust 

e as shown in Fig. 2. The edges of the steam 
and exhaust ports are all arcs of circles, those on 
the outer sides of the steam ports being struck with 
a radius equal to the radius of the outer edge of the 
valve, while the inner edges of the steam ports, and 
the edges of the exhaust port, are struck with a 
radius equal to that of the exhaust cavity of the 
valve, Obviously this curved form of the edges of 
the ports in no way alters the action of the valve as 
a distributor of steam, the distribution effected being 
precisely the same as that which would be given by 
an ordinary straight-edged valve, with the same lap, 
lead, and travel working over straight ports. In the 
case of Messrs. Aveling and Porter’s engine the pro- 
portions of the valve have been well chosen for its 
work, the distribution effected being excellent, as 
the annexed copies of indicator diagrams, Figs. 5 
and 6, taken from the engine fitted with it, will show. 
It will be noticed from our engravings that the edge 
of the valve takes no bearing at the bottom of the 
valve chest, the weight of the valve being supported 
by the spindle which is fitted with a shoe bearing 
on a suitable face at the bottom of the valve chest, 
as shown in Figs. 2 and 3. As we had occasion to 
mention some time ago, the results of the experience 
on the London and North-Western Railway have 
shown that with this arrangement of valve the effect 
of the free rotary movement is such as to secure 
the maintenance of the faces in admirable condition; 
while with cast-iron valves even the uniform wear 
which takes place goes on at an exceedingly slow rate. 

Another feature in the engine of which we have 
been speaking is the arrangement of em 
drum with which it is fitted, and which has been 
designed by Mr. Aveling. The arrangement of 
this drum is shown by the engravings on page 443. 
From these it will be seen that the drum, which 
carries about 100 yards of wire rope, instead of being 
keyed on the driving axle is so mounted on the latter 
that it can be readily disengaged, thus allowing 
the rope to be uncoiled from it without moving 
the engine. The mode in which the drum can be 
connected to the driving axle, so as to be made to 
revolve with the latter, or disengaged at pleasure, 
will be at once seen from the engravings. In using 
this arrangement—as for instance when the engine 
comes to an incline up which it is unable to haul 
its load—the mode of procedure is as follows: The 
engine being uncoupled from its load, the winding 
rope is made fast to the latter, the rope drum being 
at the same time disengaged from the driving axle. 
The engine then proceeds up the incline, the rope 
uncoiling as the engine advarces instead of having 
to be subsequently pulled back by hand as is the 
case when the rope drum cannot be left free. When 
the engine has proceeded the fulllength of the rope, 
it is stopped, the rope drum is connected to the driv- 
ing axle, and the engine made to wind up the rope 
drawing the load up the portion of the hill which it 
(the engine) had already ascended. ‘The operation 
can of course be repeated at often as may be neces- 
sary to surmount the hill. The arrangement is an 
exceedingly convenient one. 

Messrs, Aveling's stand is succeeded by that of 
Messrs. Ransomes, Sims, and Head, who show some 
well-finished engines of their regular patterns, 
amongst which we may especially notice a very neat 
vertical engine of a type which they brought out 
last summer. Adjoining them is the stand of Messrs 
E. R. and F. Turner, of Ipswich, who also adhere 
to their regular patterns, and show engines fitted 
with Hartnell’s governor, which they are now ap- 
plying to some of their types not previously supplied 

ith it. 

Still proceeding westward, we come to the stand 
of Messrs. Davey, Paxman, and Co., of Colchester, 





who, in addition to a double cylinder portable of 
their ordinary pattern, show a smaller engine of a 
new type requiring special notice. In this portable 
the engine proper is entirely distinct from the boiler 
on which it is mounted, The arrangement consists 
of a pair of wrought-iron plate side frames, con- 
nected by cross frames, and attached at one end to 
the cylinder. These frames carry the crankshaft 
bearings, guide bars, &c., and they take all strains 
due to the working of the engine. The connexions 
between the engine and boiler consist of four 
wrought-iron brackets fixed to the latter and bolted 
to the engine frames, two of the brackets being 
situated directly under the crankshaft bearings, and 
two near the cylinder end. Besides these, there are 
the steam connexions to the valve-chest and steam 
jacket, and the exhaust connexion to the nozzle in 
the chimney, these being all arranged so that they 
can be readily detached, and the engine removed 
from the boiler when desired. The cylinder is steam- 
jacketted, and the engine is fitted with a cut-off 
valve controlled by the governor. The arrangement 
of this cut-off gear (which we hope shortly to illus- 
trate) is as follows: On the crankshaft is placed 
a spur wheel which gears into a smaller wheel fixed 
on a short countershaft carrying a pair of eccentrics 
for working the cut-off valve. The countershaft 
makes two revolutions for each revolution of the 
crankshaft, so that the cut-off valve, which is a grid- 
iron valve, makes a complete to-and-fro movement 
for each single stroke of the engine. The two 
eccentrics on the countershaft are connected to a 
link, like an ordinary expansion link, this link being 
raised or lowered by the governor, the effect being 
to vary the cut-off from zero to five-eighths of the 
stroke. The gear, we understand, acts well and 
promptly, and we hope soon to publish some dia- 
grams taken from an engine fitted with it. The 
boiler of the engine under notice is made of 
Landore-Siemens steel, and is intended to be 
worked at 1201b. pressure, a pressure which Messrs. 
Davey, Paxman, and Co. now adopt for many of 
their engines. They are also using steel for all boilers 
worked at this pressure, and with very successful 
results. 

Adjoining Messrs. Davey, Paxman, and Co., Mr. 
William Allchin, of Northampton, exhibits a traction 
engine of his standard pattern, which he has much 
improved in many details during the past year or 
so, while next comes the stand of Messrs. Ruston, 
Proctor, and Co., of Lincoln, who in addition to 
portables and a traction engine of their standard 
types, which we have fully noticed on former occa- 
sions, exhibit a new pattern of horizontal fixed 
engine of which we shall probably give engravings 
next week. Meanwhile we may say that its design 
includes some very neat details. The engine is of 
a type which has been arranged for fitting with an 
air pump and condenser, the piston rod being pro- 
longed through the back cover, although no con- 
denser is exhibited. ‘The crankshaft brasses are in 
three parts, and are adjustable by three wedges, 
viz., one below and one on each side, the top cap 
being screwed hard down in the pedestal. The wall 
bearing from the crankshaft is of the same design 
as that on the engine bedplate. The engine is fitted 
with an expansion valve adjustable by hand, and 
the governor acts as an equilibrium valve, which is 
also by a neat arrangement made to serve as a stop 
valve capable of being closed by hand, The finish 
of the engine is excellent. 

Next to Messrs. Ruston are the Reading Iron 
Works Company, who occupy the south-west 
corner of the Hall, and who are represented by en- 
gines of their regular patterns, already noticed by 
us, They also show a number of examples of their 
wrought-iron split drums or pulleys of which we 
have spoken on former occasions, and which we 
notice they have now improved by twisting the 
bars forming the arms, so that the greatest width 
of the section is in the direction of the plane of 
the pulley, which is thus made much stronger 
than formerly for resisting torsional strains. 

Proceeding now along the western end of the Hall. 
we come first to the stand of Messrs. Marshall, 
Sons, and Co., of Gainsborough, who make as usual 
an excellent show. Messrs. Marshall’s exhibits in- 
clude examples of their agricultural locomotives, 
portable, vertical, and horizontal engines, and 
although none of the types shown make their ap- 
— for the first time, yet they are all marked 

y improvements of detail, and are, moreover, ex- 
cellent specimens of workmanship. The agricultural 
locomotive exhibited by Messrs. Marshal] is a 7- 
horse, this being a new size which they are making 





as being well adapted for driving their largest-sized 
thrashing machines. The engine has a single steam- 
jacke cylinder, the jacket being enlarged so as 
to form a capacious steam dome. The slide valve 
is one of Church’s equilibrium valves. The boiler 
is of steel, and the engine generally is of very sub- 
stantial design and conveniently arranged ; amongst 
other things, the flywheel is so placed that a 
belt can be led off from it either forward or back- 
ward. One of the portables shown is specially 
arranged for electric light purposes, it being fitted 
with two flywheels for driving a couple of Gramme 
machines. It is fitted with Hartnell’s automatic ex- 
pansion gear, of the good controlling power of 
which we have spoken on former occasions. The 
horizontal and vertical engines shown are of the 
types respectively illustrated on pages 31 and 467 
of our twenty-sixth volume, except that the former 
engine is fitted with Hartnell’s automatic expansion 
gear instead of a governor acting on the throttle 
valve, as shown in the illustration just referred to. 
Of their vertical engines Messrs. Marshall show two 
examples, one mounted on the same baseplate, with 
a boiler of the cross tube type, and one without a 
boiler, As we remarked at the time we illustrated 
these engines, their design is exceptionally neat, 
while they are of very strong proportions, and have 
very large bearing surfaces. 

The remaining exhibitors of engines at the western 
end of the Hall are Messrs. P. and H. P. Gibbons, 
of Wantage, and Messrs. Brown and May, of 
Devizes, who are both represented by engines of 
their regular types, that exhibited by Messrs. 
Gibbons, however, being marked by some improve- 
ments in proportions and details, Messrs. Brown 
and May’s engines are fitted with their well-known 
water heaters, which are noticeable as being—out of 
the many patterns introduced—the only heaters for 

ortables situated between the feed-pump and the 

oiler which have been regularly ado ted by their 
respective makers, Messr- Brown and May’s heaters 
have undergone many improvements in detail since 
their introduction some years ago, and the fact that 
these makers apply them to all their engines except 
those of 4-horse power and under, speaks strongly 
for their efficiency. 

At the north-west corner of the Hall is the stand 
of Messrs. Robey and Co., of Lincoln, who, in ad- 
dition to examples of their vertical engines and 
boilers which we have described on former occa- 
sions, and a horizontal engine of the type which 
we illustrated on page 466 of our twenty-sixth 
volume, show one of their traction engines of a 
similar pattern to that which they exhibited at the 
Smithfield Show last year, and an 8-horse portable in 
which the boiler and all working parts have been 
made of steel to reduce weight. The engine is fitted 
with an expansion valve adjustable by hand to 
cut off at from $ to } stroke, and the cylinder, 
which is steam jacketted, is made of a special mix- 
ture of Scotch and hematite pig with white hematite 
and scrap to enable the necessary hardness and 
strength to be obtained witha light casting. Messrs. 
Robey and Co. also exhibit an example of their 
horizontal fixed engine arranged under a locomotive 
boiler, a type which they have made a speciality, 
and in the details of which they keep making im- 
peaaee. In the engine exhibited the boiler is 

olted down at the smokebox end only, and at the 
firebox end it rests on rollers working in grooves 
made to receive them. The baseplate at the firebox 
end forms an ashpit, while beneath the cylinders it 
forms a feed-water tank where the water is heated 
by the exhaust steam. The engine is well finished. 

Next to Messrs. Robey and Co. is the stand of 
Messrs. Wallis and Steevens, of Basingstoke, who, 
besides one of their ordinary portables, exhibit a 
new pattern of 6-horse traction engine. This, 
although not including any specially novel features, 
is worthy of notice for its neat design and compact 
arrangement. Amongst the minor points of detail 
we notice that the chains for steering, instead of 
being connected direct to the fore carriage, are 
coupled to the latter by cranked bars, so shaped as 
to allow the fore wheels to lock well round without 
touching the chains. The chimney also is fitted 
with a damper which can be closed temporarily while 
pening through towns, when a nuisance is likely to 

caused by the escape of smoke, The damper, of 
course, is placed below the exhaust nozzle, and it 
can be closed from the engine footplates, The gear 
is of steel, and the engine is fitted with a winding 
drum for a length of wire rope. 

The next stand is that of Messrs. Garrett and 





Sons, of Leiston, who exhibit a couple of their 
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ortables, one being a 14-horse. These engines 
ve the corrugated topped fireboxes which Messrs. 
Garrett have made for some time, and which they 
are now applying regularly to all their engines, A 
new detail in the engines exhibited by Messrs. 
Garrett and Sons is the provision of the pump valve 
boxes with a small safety valve arranged to come 
into action in the event of the communication be- 
tween the pump and boiler being frozen up or 
blocked from any other cause. The engraving 
which we give on page 443 shows the arrangement 
clearly. ‘The safety valve is placed on the top of the 
pump chamber, and is spring loaded to 150 lb. per 
square inch, the boiler pressure being 75 lb. per 
square inch, This large excess of pressure on the 
safety valve insures its remaining tight under all 
ordinary circumstances, while the pressure of 150 lb. 
per square inch is one which the pump chamter will 
stand without danger, Of course there is nothing 
new in the application of a spring relief valve be- 
tween a feed pump and the boiler, such an arrange- 
ment having long been used on stationary and marine 
engines, but Messrs, Garrett and Sons have carried 
out the application to portables is a very neat way. 
The addition is particularly useful in the case of 
engines supplied to Holland, in which country it is 
legally enacted that in all cases a cock shall be intro- 
duced between the delivery valve chamber and the 
boiler. With the exception of this detail the engines 
exhibited are of Messrs. Garrett’s ordinary patterns. 

The remaining stands on the northern side of the 
ground floor of the Hall are those of Messrs. Hornsby 
and Sons, of Grantham, Messrs. Barrow and Stewart, 
of Banbury, and Messrs. Tasker and Sons, of An- 
dover, the first and last-mentioned makers exhibiting 

ortables of their standard types, while Messrs. 
Sessow and Stewart show a neat pattern of small 
vertical engine and a traction engine of the type which 
they brought out at the late Kilburn Show, and which 
we noticed atthe time. It will be remembered that 
one of the features of this pattern of engine is the 
construction of the wheels, which are each formed 
of two stiff wrought-iron plates or discs cut out to 
lighten them, and rivetted to the boss and rim of 
the wheel, the two plates being placed about three- 
fourths of the width of the tyre apart. A very neat 
wheel is thus formed. 

We have now named all the exhibitors of engines 
on the ground floor; but in addition to these there 
are a few in the gallery, namely, Messrs. Jefferey 
and Blackstone, of Stamford; Mr. B. Garrett, of 
Maidstone ; Mr. F. W. Turner, of St. Albans (who 
also shows some of his small gas engines); Mr. 
Postlethwaite, of Egham; Mr. J. D. Pinfold, of 
Rugby; Messrs, Proctor and Wallis, of London ; 
Messrs. W. N. Nicholson and Son, of Newark; 
Messrs. Woods, Cocksedge, and Warner, of Stow- 
market ; and Messrs. Charles Powis and Co., and 
Messrs. Ray, Mead, and Co., of London. All these 
makers, however, show their regular types of engines 
already well known to our readers, and at none of 
the stands do we find any new feature requiring 
special notice here. 


IMPLEMENTS, 
Not only does the present Show at Islington ap- 
ed to contain fewer agricultural implements than 

ave been collected on previous occasions, but less of 
novelty is also to be found there. Exhibitors have, 
for the most part, sent either objects of their stan- 
dard patterns, or they have introduced some modi- 
fications in details of more or less importance, but 
which scarcely call for special mention. 

Messrs. Howard and Co. have a large exhibit of 
ploughs. Of these we may note the “ General pur- 
pose” plough ; a convertible plough with a combined 
wood and iron beam, and which may be used either 
asa single or double furrow implement; a turnover 
plough ; a potato plough, which received a prize at 
the recent international agricultural trials at 
Harlem ; and the triple and Anglo-American ploughs, 
which two latter are chiefly in demand in colonial 
and foreign markets. A large variety of mis- 
cellaneous, and some of them very eccentric-looking, 
implements made by this firm are represented by 
photographs. These are manufactured for special 
markets, such as South Russia, Bulgaria, Hungary, 
Bchemia, Spain, &c. One of the most remarkable of 
them is the so-called ‘ Little” plough, made all of 
iron and steel, and weighing only 30 lb., and for 
which a large demand exists in Bengal. 

_ Messrs. Ransomes, Sims, and Head, whose stand 
is somewhat larger than usual this year, and who 
have otherwise an unusually fine collection, do not 
display their collection of ploughs so prominently 





as has been their wont. They have, however, collected 
a fine display of their implements of standard re- 
presentative — displaying their usual 
excellent workmanship. Messrs. R. p bee and 
Sons, Limited, of Grantham, show a large number 
of ploughs, amongst which we notice two new types. 
One is a heavy reversible Belgian plough, for 
working 12 in. furrows with a heavy team of oxen, 
The shares are set in a rectangular iron swing 
frame, which is locked and unlocked by a shifting 
lever, and despite its considerable weight is reversed 
very easily. This plough is very completely fitted 
with adjustments for regulating the width between 
the wheels, the depth and set of the shares, &c. It 
appears to be a very favourite implement in Bel- 
gium, and was a prize winner at the Harlem agri- 
cultural trials of last autumn. The second novelty 
is a modified Kent plough, a primitive-looking 
implement with the heavy wooden mould board that 
turns the ground completely over in cutting the 
furrow. Despite the heavy draught of this plough, 
and its other numerous drawbacks, it has remained 
to this day a favourite and widely-used pattern. 
The modern Kent plough of Messra, Hornsby is a 
strong but light plough, which is furnished with a 
very long narrow mould board, and “rubber” extend- 
ing beyondit, The form of the mould board is such 
as to produce precisely the same work as the old 
Kentish plough, with far less trouble, and with a 
lighter draught. We may mention here that this firm 
exhibits for the first time under a new title, it having 
been recently converted into a limited liability 
company, under very favourable conditions. We 
are informed that it is the intention of the company 
to devote a part of their aitention to the supply of 
castings and general engineering work in addition 
to their more familiar business of implements and 
engines. Of course in addition to the few exhi- 
bitors whose names we have mentioned, a large 
number of other makers have contributed ploughs, 
but few if any novelties to be readily described are 
found among them, and to give the names of exhi- 
bitors would be simply to do what belongs of right 
to the pages of a catalogue. 

In manure distributors Messrs. R. Hornsby and 
Co. show one of their broadcast implements, which 
came before the public at the Kilburn Show, and 
which we described at that time. Since then several 
improvements in detail have been added. ‘The 
springs which were then used to hold the scrapers 
up against the horizontal cylinder, are now replaced 
by weights, the position of which can be altered to 
produce different effects. These weights are placed 
at one end of a lever, the other end of which carries 
the broad scraper, and a hook bearing which is slipped 
over a bar parallel to the cylinder, the counter- 
balance throwing the scraper against the face of the 
cylinder. These scrapers, it will be remembered, 
are continuous, and extend the whole length of the 
machine. It will also be remembered that the 
horizontal revolving cage near the ground upon 
which the manure fell, and which seemed to distribute 
it, was driven by a pitched chain from the axle, 
gearing is now substituted with considerable advan- 
tage. ‘The exit slides also, which regulate the 
amount of feed, are now made of iron instead of 
wood, and a driver’s seat is added. ‘This machine, 
which received high approbation at Kilburn, is now 
certainly much improved by the alterations made in 
it since that time. 

Messrs. Pampbilon and Co,, of the Ixion Works, 
Whittlesford, Cambridgeshire, exhibit two manure 
distributors. One of them is the spreader, which 
has already been seen on previous occasions, This 
implement is attached to and follows the cart con- 
taining the manure, and consists of a frame carried 
on two wheels. On the upper part of this frame is a 
seat for the man, who throws the manure from the 
cart upon a travelling endless apron between 
the sides of the frame, which is of wrought iron. 
Above the table, and of the same width, is a shaft 
carrying a number of curved distributing blades. This 
shaft is driven by gearing from the main axle, and 
the action of the distributor is to throw the manure 
off the table, and spread it uniformly over the 

ound. The ends of the distributer shaft pass 

rough curved slots in the sides of the frame, 
so that its height above the table can be varied, 
as well as the speed at which it is driven, 
change wheels being provided for this purpose. The 
second machine is a broad-cast distributor especially 
adapted for nitrates and all kinds of artificial ma- 
nure, It is also applicable asa gravel spreader over 
roads, and as such might find a very useful applica- 
tion on slippery streets, It consists of a large 





hopper or reservoir divided into two parts, the ferti- 
liser being fed from the —— into the lower portion, 
which contains a stirring t, that besides mixing 
the manure, keeps it always in motion. The upper 
part of the box also contains stirrers, which are 
turned occasionally as required. From the lower 
chamber the manure falls into the distributor, which 
is hung to the box above, and hangs vertically, re- 
ceiving an oscillating motion from gearing driven off 
the main axle, which also actuates the etlrved, By 
means of a regulating slide the quantity of manure 
fed into the distributor is varied, every eighth of an 
inch range representing a difference of 112 lb. per 
acre, These implements are made to spread over 
widths of from 6 ft, to 10 ft., and they are also pro- 
vided with guide boxes to deposit the fertilisers in 
drills. The Bristol Wagon Works Company, of 
Bristol, exhibit one of Willacy’s manure distributor 
attachments for fitting on to the end of a cart. It 
consists simply of a frame carrying an endless apron 
of slats, which is caused to travel by a pitched chai 
led over a wheel placed on the wagon axle, and also 
of a revolving tined distributor above, driven by the 
same means. The gearing can be removed from the 
cart axle when not required. Manure distributors 
of various kinds and standard patterns are also ex- 
hibited by most of the well-known makers who are 
generally well represented at this Show. 

Of implements for depositing seed—drills and 
broadcasts—a very large collection has been got to. 
gether, but we notice few novelties since the Kilburn 
Show. The Bristol Wagon Company exhibit a 
centrifugal distributor, which, like their manure 
spreader, can be attached temporarily toa wagon. It 
consists of a hopper for containing the seed, the 
bottom of the hopper being formed of an endless 
travelling web, which leads the seed on to a pair of 
horizontal revolving discs that are fitted on their 
upper face with a number of radial ribs to regulate 
the distribution, These discs are mounted at the 
bottom of vertical shafts, and motion is given them 
by means of bevel gearing driven from the main 
axle. A novel arrangement of potato planter is 
exhibited by Mr. F. W. Unterilp, of Diisseldorf. 
It consists of a large wooden hopper for carrying 
the seed, of trunks for leading the a iter down to the 
ground, and the mechanism for making the holes 
and covering the potato after it is deposited. The 
number of trunks or tubes vary according to the 
size of the implement, which can plant from three to 
five rows at a time, Within the box and in front 
of the opening to the tubes are rotating slides, which 
by the forward motion are alternately opened and 
closed, one potato passing down the tube at each 
revolution. In front of the hopper is a cranked 
axle, the number of cranks varying with the size of 
the machine. On these cranks are mounted 
bars, the ends of which are slotted to receive 
the bolt attachments for a pointed shoe, the 
use of which is to make the hole in the ground. 
The lower part of each bar is articulated to one 
end of a lever mounted on a cross shaft; the 
other end of this lever carries a hoe-shaped blade, 
used to cover up the potato after it has been 
planted. The cranks are set angularly, so that the 
process of making the holes is a successive one, It 
will be seen that when the shoe is forced into the 
ground to its greatest depth by the crank arriving at 
the lowest part of its travel, the hoe at the peer of 
the lever which is attached to the shoe will be in its 
highest position. As soon as the shoe has been 
raised to clear the ground, a valve closing the mouth 
of the adjacent tube is automatically opened just at 
the moment when it is over the hole, and the potato 
is deposited ; as the machine advances the shoe is 
—* raised, and the advancing hoe as gradually 

epressed, until when the former is at its highest the 
latter is at its lowest point, and has entered the 
ground sufficiently to cover over the seed, on ac- 
count of the advancing movement of the implement. 
The te or of the holes can be regulated Anon 
of the slot in the bar already referred to, is im- 
plement, which contains many points of novelty and 
no little merit, has, we believe, been used with great 
success in the neighbourhood of Diisseldorf. 


Mowing AND Reapinac Macuines. 

Mowing and reaping machines are largely and well 
represented, and several novelties in these imple- 
ments may be referred to. 

Messrs. J. and F. Howard, of Bedford, show an 
example of the Howard sheaf-binding reaper, which 
was exhibited at Kilburn, in connexion with which 
show we illustrated and described it (see page 8 of 
our present volume), The general appearance of this 
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sembles the American Marsh harvester, The binding 
portion has been subjected to extensive trials during 
the recent harvest with excellent results. The Sim- 
plex reaper is also exhibited, and a model of a new 
arrangement of mechanism for controlling the rakes, 
and which we illustrate on the opposite page. 

The standard form of implement of this kind 
manufactured by Messrs, Howard is well known. 
In it the revolving rakes, furnished at their inner 
ends with friction rollers which traverse around 
an inclined cam path, are either lifted so as 
to pass free of the grain, or sweep over and 
close to the platform to form a sheaf. This 
motion, common to all controllable reapers, is 
obtained in Messrs. Howard’s machines by means 
of a switch piece in connexion with the cam which 
is kept open by means of a spring, but is connected 
to a foot lever within reach of the driver. By de- 
pressing this lever the switch can be closed, and 
the rakes successively pass on the outside of the 
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RUSTON, PROCTOR, AND CO.’3 DRUM GUARD FOR 
THRASHING MACHINES. 


switch in their revolution, the form being such that 
they are thrown up clear of the platform. In the 
regular working with this arrangement, the rakes 
are so set that the roller of every alternate one in 
passing over the cam travels on the inner side of 
the switch and after passing it the roller over- 
comes the action of the spring and holds the switch 
closed till the next rake reaches the switch passing 
on its outer side and being thrown up. It is 
evident also that by means of the foot lever, the 
rakes may be used as rakes or as beaters at will. 

By the present arrangement Messrs, Howard 
claim to obtain a more perfect control of the rakes. 
The driver can while the machine is in motion alter 
the action of the rakes at will, either raising them 
all clear of the grain board, or allowing them all to 
act as rakes, and so distribute the corn in a swathe, 
or any intermediate combination. To effect this a 
ring is fixed to the crown wheel used for driving 
the rakes, and on this ring are formed a series of 
steps, these steps being employed to alter the 


machine, and the cutting and elevating apparatus, re- . 
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the opposite page. Of these Fig. 1 is a plan of the 
cam and adjacent parts; Fig. 2 is a back elevation ; 
Figs. 8, 4, and 5 are detached details of the appa- 
ratus. In these figures a is a part of the frame of the 
machine ; 2 is the cam ; ¢ is the vertical rake shaft ; 
d is the head provided with recesses for the hinged 
end of the rakes e, of which one is shown in position ; 

















position of the switch on the cam path. The arrange- | the lever / and the tail-piece /*. By depressing the 
ment is completely illustrated by Figs. 1 to 5 on | lever the tail-piece is raised clear of the ring, the 
| switch continues closed, and all the rakes act as 


gatherers. On the spindle / is placed a small arm 
J*, connected with a spring /*, which tends always 
to keep the switch closed. In another modification 
the projection and step are placed on the inner face 


| of the ring g, which is then formed as a flange or 
| extension of the crown wheel g, as shown in Figs. 2, 

















J is the switch, which consists of a lever at the upper 
end of the spindle /’, the lower end having an adjust- 
able arm or tail-piece /*. This tail-piece engages in 
the steps of the ring g, that is to say, that the driver 
can at pleasure throw it into gear with any one of 
the steps, and keep it so engaged as long as he 
desires. The tail-piece is also connected with a 
lever 4 and quadrant /4' close to the driver’s seat. 
In the quadrant are a series of holes, and a pin /* is 
provided to fit any one of them. The normal posi- 
tion of the switch is closed instead of being opened. 
The following is an explanation of the mode of 
working. Supposing that the shaft c is fitted to carry 
six rakes, and the pin 4° is in the first hole of the 
quadrant, the operation of the rakes will be as 
follows: The tail-piece /? being opposite to that 
part of the ring in which there is only one projec- 
tion, the switch / will be so actuated that at each 
revolution one rake will act as a rake, and the 
others be raised to clear the grain board. Butif the 
driver shift the position of the pin 4* into the second 
hole of the poten, the tail-piece /* will be shifted 
so that it comes opposite two projections on the ring, 
and in this case every third rake will sweep the 
platform, the other two clearing it. If now the pin 
be shifted into the third hole, the tail-piece will 
come opposite three projections on the ring, and 
every alternate rake will be raised. A foot lever i 








is placed near the driver's seat in connexion with 








LAKEMAN’S GUARD FOR CIRCULAR SAWS; CONSTRUCTED BY MESSRS. GARRETT AND SONS, LEISTON. 


3, and 4, and the tail-piece /? slides on a squared 
portion of the lower end of the spindle /! of the 
switch, 

The arrangement just described is specially 
adapted for machines having an even number of 
rakes; for those in which an odd number is intro- 
duced, the arrangement shown in Figs. 6 to 13 is 
employed. Of these Fig. 6 is a plan, Fig. 7 a back 
‘elevation, Fig. 8 a front elevation, Fig. 9 is a plan 
of the cam, and Figs. 10 to 13 are enlarged details. 

In the drawings showing this modification, c is 
the vertical rake spindle, and / is a disc provided 
with teeth /', the number of which corresponds 
with that of the rakes, This wheel / engages with 
and operates a sliding rack bar m, which is connected 
with a latch » attached to a lever /* on the pivot 
of the spindle 7. This latch is attached to a spring 
n, the tendency of which is always to pull it 
across the rack bar, and thus to open the switch 
as shown in Fig. 12. But by means of the toothed 
wheel the sliding bar m is so actuated as to act as a 
stop to the latch, and thus prevent it from being 
pulled inwards by the spring. On the rack bar 
m isa rib extending from m! to m*, which acts as a 
stop to the latch when the rib is in front of it, and 
it is only when the bar is moved so far forward as to 
have this flange clear of the latch, that the spring 
can pull the latch across the rack bar and open the 
switch. 
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HOWARD AND BOUSFIELD’S APPARATUS FOR CONTROLLING RAKES OF REAPING MACHINES, 
CONSTRUCTED BY MESSRS. J. AND F. HOWARD, ENGINEERS, BEDFORD. 















































HOWARD'S” REAPER, 










































































Fug.6. 
-O-—-9--—@ Q 5 
be Fig 7. 
c ~ 












































ENGINEERING. 


[Dec, 12, 1879. 








448 
In operation, when the roller of a rake s in- 
side the switch, it comes in contact with a projec- 


tion fon the switch, and will then close it, and so 
leng as the rack bar remains in this position, the 
switch will be alternately opened and closed at the 

assage of all the rakes by the action of the rollers 
and the latch spring n' ; but if the rack bar is moved 
inwards and the rib on it is thus brought in front 
of the latch, the action of the spring is prevented, 
and the switch after being closed by one roller 
remains closed, so that the next roller passes outside 
it, and until the rack bar is moved out far enough to 
free the latch, the position of the switch will remain 
unchanged, and the rake roller will continue to pass 
outside it. The movable switch ¢ (Figs. 11 and 12) 
is pivotted on to the cam plate ; the free end /* of 
this switch, when in contact with the cam (Fig. 11), 
diverts the rollers of the rake arms from the track 
on the cam, and causes them to pass outside the 
switch, thereby raising the rake clear of the grain 
board. It is only, as explained above, and as 
shown in Fig. 12, when the switch is open that the 
rake passes over the cam and through the cut grain 
from the platform. ‘The motion of the sliding rack 
bar is intermittent, and is produced by the action of 
the toothed wheel /, and the return of the bar is 
prevented, aiter the action of each tooth by the 
pawl r actuated by the spring r*, until a roller 
coming in contact with r' releases the pawl. As 
shown, the rack bar traverses in guides on a bracket 0, 
Fig. 13, placed on the underside of the cam ; the same 
bracket carries a quadrant for the ‘controlling lever 
», and the bell-crank g connected with the foot 
foven. The spring m* controlling the rack bar is 
also attached to the bracket. On one side of this 
bar a rack is formed engaging with the pawl r, on the 
spindle of whichis mounted another lever 7!, one 
end of which projects across the roller path, as 
already explained. 

It will be seen from the foregoing description that 
the number of rakes sweeping the platform is de- 
pendent upon the distance traversed by the bar 
when actuated by the toothed wheel /. This 
distance is regulated by the lever p, which the 
driver adjusts at will. by means of a pin anda 
series of holes in the quadrant, the lever can be set 
in as many positions as there are rakes to the ma- 
chine. Fig. 10 shows a series of holes numbered 
according to the position in which the controlling 
lever is adjustable, 

When this lever is held in its first position, the 
rib on the sliding bar is clear of the latch, and the 
switch is then open for all the rakes to pass the 
spring of the latch, opening the switch immediately 
after it has been closed by the passage of a roller. 
In the second position of the roller p the rack bar is 
free to make a short travel, and the latch is then 
held and released alternately from the bar, and 
every second rake acts as a gatherer. In the third 
position the sliding bar moves still further forward, 
and two rakes are raised clear of the platform, the 
third one sweeping it. In the fourth and fifth po- 
sitions each fourth and fifth rake respectively sweeps 
the grain board. If it is desired to raise all the 
rakes the switch is kept closed by bringing the bell- 
crank lever g into contact with the lever /*, and so 
holding the latch as to free it from the control of 
the sliding bar m. By this arrangement, as soon as 
the foot lever is released, the rakes commence at 
once to sweep the platform without any adjustment 
of the qnitch As shown in Fig. 13, the pawl r 
and the lever r' are made in one piece, and pivotted 
horizontally to the bracket «; the upper end of the 
lever r' extends over the cam path, and is operated 
by the stud of the rake roller. The ratchet teeth 
are formed on the upper edge of the bar m, and the 
paw! is engaged in the teeth by a spring r*. 

Of the other reapers exhibited by the same 
makers, we may notice the Colonial Simplex reaper, 
made with a large wheel with wrought-iron tyre, 
malleable iron spokes, and wrought-iron frame. 
Lightness, and a large range of cutting height, are 
the chief objects which have be2n successfully car- 
ried out in this machine. Messrs. Howard's well- 
known Simplex mower is also exhibited. 

Messrs, Samuelson and Co., of the Britannia Works, 
Banbury, make a very good display of mowers and 
reapers, a the latter the principal being the 
** Imperial.” ‘This machine has six rakes, and is con- 
trollable; the beam is hinged so that it can be 
turned up for convenience in transit, The “‘ Omnium” 
is another well-known pattern of the controllable 


type. It bas moreover a special voy ape for 
dip ing the fingers when in operation for picking 
up ai grain, and the wheels are so arranged as 


not to cut into the ground when backing. The 





same makers also show two new very light draught 
machines, the ‘* Don” and the ‘‘ Handy,” as well as 
several others which have already proved themselves 
to be extremely efficient machines. All of the 
mowers and reapers made by Messrs. Samuelson 
and Co. are fitted with the welded iron and steel 
fingers, which are a specialty of this firm, and 
which are excellently adapted for close cuttin 
and picking up laid grain. ‘These makers sti 
continue to merit the reputation they have long 
possessed for simplicity in design, strength, and 
light draught. 

Messrs. Handyside and Co., of Derby, who on the 
occasion of the Show at Kilburn, exhibited agricul- 
tural implements for the first time, make now a 
good show with Phillips’ reaping machine, the 
manufacture of which they have engaged upon. 
As we intend shortly to publish drawings of this 
machine, we can only give it a passing notice here, 
remarking that it is extremely well designed, and 
possesses many excellent features, which have, in 
conjunction with good workmanship, secured for 
it much attention. Messrs. Ransomes, Sims, and 
Head appear this year for the first time with a 
mowing machine of a well-considered pattern, but 
possessing no special novelty in design. ‘The gear- 
ing on the main shaft, as well as that driving the 
knife connecting rod, is thoroughly boxed in, and 
considerable attention has been given to arrive at 
simplicity of parts, and ease of renewal when ne- 
cessary. This implement displays the usual excel- 
lent work characteristic of this firm. Probably the 
best finished machines at the Show, of this class, are 
a mowing and a reaping machine made by the W. 
Anson Wood Company. The former is a very light 
machine, special care having been taken to economise 
weight as far as possible, and also to reduce the num- 
ber of parts, Like the mowing machine exhibited by 
Mr. Walter A. Wood at Kilburn, this machine is 
not driven by internal gearing on the main wheels, 
but by bevel gearing, the shaft actuating a nest of 
gearing very carefully boxed in, and which is made 
fast or loose on the second shaft by an internal 
ratchet on the back of the gearing, and a pawl 
worked by a lever on the outside of the box. Several 
very novel details have been introduced into the 
harvester shown by this firm. The implement is 
very light, weighing only 750 lb., although it has 
a possible width of cut of 5 ft, The main wheel has 
an outer bearing, the frame running around it to 
avoid strain, and to secure a more equal distribution 
of weight. The knife bar is driven by an internal 
geared ring on the main wheel, in the usual manner, 
but the rakes have an independent source of motion. 
They are driven off the axle of the machine by 
means of a pawl working into a ratchet wheel on 
the back of a pitched chain wheel mounted 
on the shaft, but loose on it. This chain 
passes over another and smaller wheel, on the 
spindle of which is a bevel pinion gearing into 
a large toothed wheel on the rake head shaft. By 
withdrawing this pawl, which is held up to its work 
by means of a spring,‘the chain wheel ceases to turn, 
and the rakes remain stationary. A special arrange- 
ment is provided for raising and lowering the plat- 
form. ‘The latter is connected to a casting, which 
is hinged at the back of the machine to the main 
frame. The front part of this casting is made with 
a large opening about 12 in. wide, in which is placed 
a cam mounted on ashaft extending to the outside 
of the machine ; at the outer end is placed a toothed 
quadrant into which gears a worm-wheel, worked by 
a long lever within reach of the driver. The set of 
the fingers can be regulated in the ordinary manner 
by a lever close to the driver’s seat. The rake cam 
is of a very light design, and the switch has a 
vertical motion, being kept down in its place by a 
spring. The arrangement for using the rakes or 
lifting them over the platform, is very simple. In 
the rake head are two pins projecting below the 
underside of the rake head, These pins, which 
move freely in the holes, are kept down by springs. 
As the rake head revolves the pins before mentioned 
come in contact with a latch, which throws up the 
switch, causing the next rake to be thrown up and 
act asa beater, the succeeding one passing along the 
cam path and serving as a rake, By means of a 
light lever near the driver, the pins in the rake head 
can be lifted soas to clear the latch, and all the rakes 
revolve in the same plane. 

A large number of other makers exhibit imple- 
ments of this class, but we can only find space to 
mention afew of theirnames, ‘There is a harvester 
of indifferent finish sent by Messrs. Green Brothers, 
of Waterford, Ontario ; the Johnston Reaping Ma- 
chine Company, of London and Brockport, New 





York, have a very fair collection, so have the 
Buckeye Company. Mr, G. Kearsley, of Ripon, 
has a collection of reaping and mowing machines 
well up to his usual standard; Messrs. Burgess 
and Key make a large display; so does Mr. A. 
C. Bamlett, of Thirsk, as well as many others. 
Of sheaf binders most of the arrangements shown 
at Kilburn, and described in detail by us on that 
occasion, are collected at Smithfield. Only one entire 
novelty in these machines has to be noticed, that 
sent by the Walter A. Wood Company. This is 
a string-tying binder, and it appears to possess the 
striking merit of simplicity—that is to say, of sim- 
plicity as a sheaf binder—but it is nevertheless too 
complicated to describe clearly without the aid of 
drawings. The binding mechanism is separate from 
the harvester, to which it can be easily attached, 
and it has a lateral motion under the control of the 
driver, so that the tying apparatus can be shifted to 
and fro in order that the string may be bound 
around the sheaf at the proper point no matter what 
may be the length of the crop. A special feature in this 
machine is that thesheaves producedare all of the same 
size, a very important point, as it makes the opera- 
tion quite independent of any irregularities of crop. 
The mode of delivery by endless travelling aprons is 
the same as in the Wood wire binder, and the grain is 
delivered on to the curved table of the binder fall- 
ing against the bent end of a lever placed above the 
table, and near its outer edge. This arm serves asa 
check to prevent the grain from falling off, and the 
sheaf is gradually formed by means of two packing 
wheels of very ingenious construction. These wheels 
are placed at some distance to the rear of the lever, 
and around their edges are hung on pins a series of 
small curved fingers. As these wheels revolve, pro- 
jections on the back of the fingers come successively 
in contact with acam, rendering the fingers rigid 
until they pass the cam, when they again hang free. 
During this time they pack the grain on the table 
against the lever arm before mentioned, and as the 
size of the sheaf increases the pressure against the 
lever of course becomes greater, until it is sufficient 
to overcome the resistance of a spring which 
retains the lever, and the latter flies up clear of 
the grain, which is by this time held in the 
string passed around it by a pair of knotting 
arms. The size of the sheaf can be regulated 
by turning a screw, which modifies the pressure 
of the spring controlling the lever, a very neat 
arrangement and always reliable. The knotting 
mechanism is of a very simple character, but we 
must defer the description of it till we can render 
it quite clear by the aid of drawings. As soon as 
the knot is tied a pushing arm, which till then has 
been inoperative below the binding table, is raised 
up and throws the sheaf off on to the ground, the 
curved arm of the lever is thrown down and the 
process of gathering up a new sheaf is recommenced, 
This apparatus has only been completed and sent 
over from America this summer, in time, however, 
to do some good work in the harvest field here. It 
must certainly rank as one of the most promising 
of its class and appears to have but little mechanism 
that will get out of order. We notice that Messrs. 
Howard and Co. have gone back to their original 
mode of delivering the grain on to the binding table 
between two parallel travelling aprons, and they 
have also added a simple and ingenious attachment 
worked by the driver for shifting the binder laterally 
to suit different lengths of crops, 


THRASHING MACHINES, 

Very few novelties are to be found among the 
thrashing machine exhibits; the most noticeable 
being probably the modification introduced since 
the Kilburn Show by Messrs. Nalder and Nalder in 
their combined thrashing machine and elevator. 
We illustrated and described this machine on the 
occasion of that Show, and it will be remembered 
that the novelty of the combination consisted in 
mounting the elevator at the end of the thrashing 
machine on a turntable so that the straw could be 
delivered at any angle that may be desired. The 
last published report of the Royal Agricultural 
Society commended this arrangement very highly, 
and pointed out the advantages it possesses in being 
able to deliver the straw from the machine in any 
position that may be required. In its latest form, the 
power is not applied to the edge of the turntable, but 
to a large toothed sector, the centre of which coin- 
cides with that of the turntable. A second motion 
pinion, worked by a worm and worm-wheel, gears 
into this rack. ‘The elevator belts are driven, as 
before, by a bevel wheel, the vertical spindle of 
which is in the centre of motion of the elevator, and 
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the whole of the gear is neatly boxed in, As usual, 
all of Messrs. Nalder and Nalder’s exhibits show 
excellent finish. Messrs. Ransomes, Sims, and Head 
exhibit, among other machines, a very light pattern 
4{t. 6in. finishing machine, especially noteworthy 
as a light-draught machine for hilly districts. This 
machine is fitted with all recent improvements. 
Messrs. Ruston, Proctor, and Co., of Lincoln, show, 
besides complete thrashing machines, a feeding 
drum and safety guard detached, and ‘of their 
usual pattern, except that the projecting edges of 
the drum are provided with a series of pointed iron 
shoes, which feed the grain in connexion with the 
oscillating tined bar above. The illustration on 

age 446 shows the arrangement of Messrs. Ruston, 

roctor, and Co.’s safety drum guard, which consists 
of a spring table A, a self-closing flap B, and a pro- 
tecting hood C (as shown on the section with the 
guard open and ready for feeding) ; any pressure on 
the spring table A (such as a person falling forward 
or stepping on it) releases the flap B, which by the 
force oF the spring at its back flies forward over the 
drum, simultaneously by the action of the connecting 
spring @ and bell-crank ¢ the roller / releases the 
hood C, which falls over by its own weight; this 
movement will be rendered clearer by examining the 
lever arrangement shown in the plan. 


The principle for insuring safety is that the flap | dry. 


B has an exceedingly sharp motion given to it by 
the spring in the same direction to that which a 
body would take when falling into the drum; and 
being in advance of it, i.e., much nearer the drum 
and probablyalso moving with'much greater velocity, 
there is every certainty that this flap will have 
closed the opening before the falling body has had 
time to reach it. 

Messrs. Robey and Co., of Lincoln, have some 
well-made machines with an unusual amount of 
riddling and drum areas for turning out large 
quantity of work. Messrs. P. and H. Gibbons, of 
Wantage, have also introduced a special fan to 
elevate the chaff to the delivering spouts, and 
separate it from seeds, which are collected and de- 
livered in a separate spout. We notice that the 
practice of exhibiting sample cases of work per- 
formed by the machines is becoming general among 
the different manufacturers ; that shown by Messrs. 
Ransomes, Sims, and Head is especially complete 
and well arranged. 


MISCELLANEOUS. 

In concluding our notice of the Smithfield Show, 
we may refer to a few miscellaneous exhibits having 
more or less novelty. Messrs. Wurr and Lewis, of 
Walbrook, among other wood- working tools, show a 
very neat rounding machine for finishing up such 
articles as curtain poles. In this tool the square 
sticks are led through apair of hinged expanding jaws 
with rectangular openings, into the mouth of a hollow 
shaft on which the driving pulleys are mounted ; 
within the mouth of this shaft is a small knife set at 
a slight angle to the axis of the stick to be cut; this 
knife feeds the wood forward to a roughing cutter, 
which is also set in the tube, and which is followed 
up by asimilar finishing cutter. The rounded wood, 
finished by this second operation, passes through 
the hollow shaft to the other end of the tool, and 
between a pair of hollowed rollers held in their 
proper position to bind the wood by a spring ; these 
rollers are driven by a worm gear. The hollow 
shaft in which the knives are set, and through 
which the rounded wood passes, is driven at about 
2000 revolutions per minute. Messrs. C, Powis and 
Co. have a very good collection of wood-working ma- 
chines of their ordinary pattern. In the exhibit of 
Messrs. Richard Garrett and Sons, of Leiston, is a 
circular saw guard, the design of Mr. J. B. Lake- 
man ; this guard we illustrate on page 446, and it 
will there be seen to consist of a vertical standard 
and a horizontal arm carrying near its outer extremity 
a curved shield or guard, which protects the upper 
part of the saw blade. The horizontal arm is secured 
to the standard by means of a pin, and its height 
can be regulated by sliding it up or down. The 
guard is also capable of adjustment on the arm, The 
standard, as will be seen, slides on a horizontal bar 
attached by a bracket to theframe. The advantages 
of this very simple appliance are evident, and it 
forms a very efficient fence not only to the blade, 
but in preventing the wood or the sawdust being 
thrown upward, 

Messrs. Perkins and Co., of Hitchin, show a 
polygon corn and seed screen, in which the expand- 
ing steel wire covering is laid around an octagonal 
frame. It is claimed that by the adoption of this 





form of barrel the grain is more thoroughly shaken 
up, and that seeds of the same size as the corn will 
= through, while the grain remains behind. 

essrs, Ransomes, Sims, and Head exhibit one of a 
new series of dressing machines, in which the bottom 
screen, as well as all the riddles, are kept in con- 
stant motion. Mr. W. A. Gibbs, of Gillwell Park, 
Chingford, shows a model of his hay-drying appa- 
ratus, with which good work has been done during 
the past wet season. It consists of a portable fur- 
nace with fan, and along inclined trough, down which 
the hay passes, agitated by a series of rakes, and 
exposed to the drying action of the warm air. The 
fan is placed over the furnace, and drives a large 
volume of heated air along a trunk, conducting to a 
chamber in the middle of and the same length as the 
trough. At its lower part are narrow openings 
which allow the air to escape into the trough on 
each side. A series of eighteen rakes extends down 
each side, spaced at equal distances apart, and 
mounted on cranked shafts, driven from any available 
source of power. The p of the rakes is to 
turn over and loosen the hay, passing it forward at 
the same time to the lower end of the trough, which 
is set at an angle, and has a length of about 30 ft. 
By the time the hay has traversed this distance, it 
is even under very unfavourable circumstances quite 
Arrangements are made to maintain an equal 
supply of hot air to both sides of the trough. Ex- 
perience has shown that this machine possesses 
considerable efficiency, and during the past season it 
made wet hay fit for stacking at the rate of two and 
a half loads per hour. 

In concluding our notice of the Smithfield Club 
Show, we may refer generally to that large body of 
exhibitors who are represented by excellent examples 
of manufactures—food preparing implements, win- 
nowing machines, farm pumps, dairy plant, light iron 
work, and so forth—but to which the demand upon 
our space prevents us from giving a special notice. 


GORSE MASTICATOR. 

WE illustrate on page 446 a gorse cutter or masticator 
manufactured by Messrs. McKenzie and Sons, of Dublin, 
of which the following is a description: The gorse or 
furze to be operated on is placed in the feeding-box E, 
and is drawn forward into’ the machine by feed rollers ; 
the upper one D having projections on its circumference 
is driven by dog tooth gearing, and: the bearing in which 
the spindle of it runs is at liberty to rise and fall to suit 
the thickness of the feed, in.a similar manner to a 
chaff-cutter, pressure being kept on the feed by the 
spring F. 

As the gorse leaves the mouth of the feed-box it is 
cut into }-in. longths by the revolving cutters C, and 
falls on to the masticating rollers driven at different 
speeds, one of which is shown at A. These rollers 
have rings of saw-like teeth alternating with plain sur- 
faces ; the teeth of one roller intersecting the arc de- 
scribed by the teeth of the other, — 

Steel scrapers or cleaners B are pivotted on a rocking 
frame, and come in contact with the portion of the 
rollers, thus entirely preventing the choking of the ma- 
chine by the juicy materials operated on. 


THE EXTENSIONS OF HALLSIDE STEEL 
WORKS, 








One of the most striking features in the industrial 
history of Glasgow during the past few years is the 
establishment and growth of the manufacture of Siemens 
steel, on a very extensive scale, af the works of the 
Steel Company of Scotland, a few miles to the south- 
east of that great commercial city, and there is nowa 
prospect of an immediate extension of the works to 
about twice their present producing power, when they will 
be entitled to rank amongst the most important establish- 
ments of the kind in the kingdom. 

Such extraordinary demands have been made upon the 
Steel Company of Scotland during the last year or iwo 
in consequence of the extending use of steol for ship- 
building purposes, that it was found to be practically 
impossible on the part of the shipbuilders and other large 
consumers to get delivery of their goods fast enough, 
and in consequence they were compelled to send some of 
their orders to be implemented at steel works on the 
south side of the Border. From time to time their large 
customers urgently impressed upon the directors the im- 
portance of still further extending the producing capacity 
of their already very large works, in order that the ex- 
tensive wants’of the Clyde district in the way of ship- 
building, engineering, &., might be met by manufac- 
turers on the spot. The advice so tendered was seriously 
considered by the directors, and when they found them- 
selves literally inundated with orders arising out of the 
revival of trade which has come upon the country 
within the past few months, they eventually determined 
to extend their works in such a way as to meet all the 
immediate and prospective demands likely to be made 
upon them. Their works were intended in the first in- 





stance largely for the cee aes of steel rails, but as the 
use of steel for shipbuilding and allied purposes in- 
creased, the pr saw the propriety of so adapting 
the works as to be able to turn out large quantities of 
plates and angle bars, &c., of large sections, and to leave 
the railmaking trade in a great measure to other firms. 
As it is, however, there is good reason to believe that 
the company have, within a very recent period, been 
compelled to decline tendering for orders for rails 
amounting to something like 150,000 tons. 

There were rumours some months ago that the Steel 
Company were about to purchase the Blochairn Iron 
Works as one way of getting out of their difficulty, and 
there was a certain amount of truth in the rumours that 
prevailed, for negotiations between the trustee upon the 
estate and the directors of the Steel Company did actually 
take place. Being provided with Siemens’ reheating 
furnaces and some excellent machinery, the works in 
question were thought, by many practical people, to be 
well suited for steel-making, and worth a good price. 
But the negotiation for a time came to no result. They 
were again opened and again broken off, the company 
being of opinion that the works were not suitable for 
their purposes. Forthwith the trustee advertised the 
works and all the machinery and fixed plant for sale by 
public auction, the sale being fixed for Wednesday of the 
present week, and again the negotiations were re-opened 
with the result that within the past few days the private 
purchase of the whole trust estate was made, at a cost, 
according to current report, of 60,000/, the intention 
of the purchasers being, we understand, to remove forth- 
with to Hallside Works all the available machinery, and 
to dispose of and»break up the remainder, and, finally, 
to dismantle the works, 

But prior to this most important step being taken 
certain extensions in the way of furnaces and machinery 
had been resolved upon which may be spoken of as being 
of still greater importance, although the intentions of the 
directors may be somewhat modified by the purchase 
just mentioned. First of all, there are in rapid progress 
great alterations and extensions in the present forge 
and mill departments at the Hallside Works. Some 
of these we shall briefly indicate. An 8-ton steam 
hammer by. Messrs. Thwaites and Carbutt, Bradford, has 
just been erected over an anvil block of about 140 
tons, the casting of which was superintended by Mr. 
John Ireland, of Manchester, a gentleman whose ex- 
perience and reputation in such work are well known 
throughout the kingdom. The hammer in question is to 
be used for manipulating slabs prior to entering one of 
the adjacent rolling mills, In the forge department there 
are now three 8-ton hammers available for working slabs 
and ingots, and one 3-ton hammer for forgings. There are 
at present in the mill department the following rolling 
mills: (1) A powerful reversing rail mill (whose engines 
were formerly described and illustrated in these pages), 
which is also available for rolling leng lengths of large- 
section angle bars, deck beams, &. That millis engaged 
this week in rolling 10-in. beams. (2) Two plate mills, 
and (8) one 14-in. bar mill. The machinery just 
referred to is being increased by the addition of a 
new plate mill with rolls 26 in. in diameter and 
6 ft. long; an 18-in. bar mill, with three-high roughing 
rolls, and lifting feeding table; a 14-in. bar mill and a 
10-in. guide mill. There are also in progress a new engine 
with 34-in. cylinder for the 18-in. bar mill, and one of 
24-in. cylinder and 21-in. stroke, which is to be a quick- 
running engine (probably up to 200 revolutions per 
minute), and it is intended for working the 10-in. guide 
mill and the 14-in. bar mill. The 34-in. engine, which is 
to drive the 18-in. bar mill, has a flywheel weighing some 
tons. Practically ali the machinery just spoken of is 
being supplied by Messrs. Miller and Co., Vulcan Foundry, 
Coatbridge. Amongst the other works in progress of 
construction we should mention a steel multitubular 
boiler of the locomotive type, which is be laid alongside 
the three of similar type which we described some months 
ago when we noticed the starting of the compound re- 
versing engines for the rail mill. Besides being a roserve 
for those engines, it is required to furnish additions to 
the general supply of steam to the mill department. 
There is also being made a great addition to the re- 
heating furnaces, as also to the steam-producing power 
in another direction. In consequence of the erection of 
the new 8-ton steam hammer and the new rolling mills, 
it was found to be necessary to erect a number of new 
re-heating furnaces, and the readiest solution of the diffi- 
culty was concluded to lie in the erection of six pairs of | 
Messrs. Perkins and Smellie’s patent furnaces heated by 
coal, and each pair working into a large steel boiler. 
Two of the new boilers are being supplied by Messrs. 
Wilson and Nicholson, Coatbridge, and the remaining four 
by Messrs, Alexander Nicholson and Co, Glasgow. 
Four of the new furnaces will work to two of the 8-ton 
hammers, four to the new plate mill, two to the 18-in, 
bar mill, and the other two to the smaller bar and guide 
mills. An additional pair of plate shears will also 
be erected shortly. These various extensions, and the 
alterations to which they give rise, have necessitated 
two very large additions to the roof of the already 
spacious shed enclosing the forge and mill departments 
of the old works. One of these, on the east side, 220 ft. 
by 100 ft., is in the hands of Messrs. Oliver and Arrol, 
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Edinburgh ; the other, on the west side, measuring 
420 ft. by 41 ft., is now being tendered for. It is pro- 
bable also that a rolling mill will soon be laid down for 
manufacturing sheets suitable for corrugating and gal- 
vanising, stamping, and similar p 8, as also for 
nail making, &c. The works just noticed, with the pro- 
bable exception of the last-mentioned item, are so far 
forward that it is confidently expected that they will all 
be drafted into actual service within the next four or five 
weeks. 

We have now briefly to speak of what must be styled 
the new works. These comprise, in the first instance, 
fourteen new melting furnaces in a continuous row, and 
parallel to those now at work in the existing melting 
shop. They are designed each to be capable of turning 
out 10 tons of steel at a casting, and are to be built at 
such a high level that the casting pits will be practically 
on a level with the floor of this addition to the melting 
shop. Foundations for seven of these furnaces have 
been commenced, and the remainder will follow forth- 
with. It is expected that four of the new furnaces will 
be delivering ingots within three months from the pre- 
sent date. With the view of covering in these new fur- 
naces an additional bay or roofing, 56 ft. wide, is to be 
added to the whole length of the melting shop, namely, 
520 ft. For the further extension of the forge and mill 
departments a new site has been selected, which lies 
on the west side of the melting shop, but still within 
the area of the works as at present laid off. After 
allowing room for three lines of railway, the site 
referred to will be covered in by an iron roof measuring 
320 ft. by 250 ft. On the north side of the enclosed area 
there will be a stack of fourteen large steel boilers to 
supply steam to the whole of the machinery in the new 
works. Then, on the east side, and nearest to the melt- 
ing shop, there will be a row of three 8-ton steam 
hammers, two of which have just been ordered of Messrs. 
Glen and Ross, the leading steam hammer firm in 
Scotland. Next in order, there will be a row of eighteen 
reheating furnaces on the Siemens system—six for the 
hammers, and twelve for the mills. The plans include a 
row of four plate milis, which, with their engines, will 
be disposed parallel to the hammers. Two of these mills 
are to be of very large size. The first, starting from the 
north, will have rolls 8 ft. long and 28in. in diameter. 
Messrs. Davy Brothers, Sheffield, have No. 1 mill in 
hand. No. 2 is to be still larger, the rolls being 9 ft. 6 in. 
long and 32in, in diameter. It will be driven by a pair 
of Ramsbottom reversing engines, the cylinders 40 in. in 
diameter, with a stroke of 4 ft. 6 in., with steam starting 
cylinder, cataract, &c. It is under order from Messrs. 
Miller and Co., Coatbridge, who are also supplying a pair 
of engines of similar character, but less powerful, for 
No. 1 mill. The other two mills, Nos. 3 and 4, will be of 
medium size. We next come to a row of plate-shearing 
machines. One of these is ordered of Messrs. J. Buckton 
and Co., Leeds, and is well on towards completion. It is 
to be a very large and powerful machine, the blades 
being 14 ft. long, capable of shearing a cold plate 1} in. 
thick, and the gap between the standards being wide 
enough to allow of a plate 11 ft.in width passing through. 
Immediately outside the mill shed on the west side there 
will be a line of railway for loading trucks with finished 
goods. 

We had almost omitted to mention that excavations 
are now being made for laying down in immediate 
proximity to the new works twenty-one blocks of gas 
producers, or eighty-four furnaces in all, to supply gaseous 
fuel for the new melting and reheating furnaces just 
spoken of. 

By carrying out the arrangements which we have in- 
dicated, and which generally accord with the plans 
adopted by the directors of the Steel Company, at the 
suggestion of Messrs. Riley and Williamson, respectively 
their general and works managers, it is calculated 
that the producing power of the works will be raised to 
2500 or 3000 tons of ingots weekly. Or, to put the 
matter in another way, it is stated that about 250,000/. 
has already been expended upon the works, and it is 
confidently believed that by tae expenditure of about 
half that amount additional, the productive capacity of 
Hallside Works will be at least doubled. Such facts are 
indicative of great commercial enterprise being brought 
to bear in supporting a reputation that is unexcelled, an 
enterprise which certainly deserves success. 








A Wor.Lp’s Tonnacr.—A new edition of the ‘ Reper- 
toire Générale of Bureau Veritas for 1879-80” shows that 
in the past year the sailing tonnage of the world decreased 
from 14,218,072 to 14,103,605 tons, showing a progressive 
substitution of steamers for sailing v: The total 
sailing tonnage of Great Britain, inclucing colonial vessels, 
is 5,584,128 tons, or considerably more en one-third of 
the whole sailing tonnage of the world. In steamships Great 
Britain takes a still larger proportion. The total number 
is 5897, of which Great Britain has 3542; and the total 
net tonnage of roe: is 4,021,869 tons, of which 
Great Britain has 2,555,575 tons, or about three-fifths of 
the whole. Counting sailing vessels and steamships to- 
gether, the civilised world has 18,125,474 tons afloat, of 
which 8,139,703 tons, or nearly one-half, are under the 
British fag. Canada occupies the fourth position. The 
leading nations are Great Britain, the United States, 


Norway, Canada, Germany, Italy, and France. 
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CENTRIFUGAL PUMPING ENGINES OF THE SS. “GALLIA.” 


CONSTRUCTED BY MESSRS. J. AND H. GWYNNE, ENGINEERS, HAMMERSMITH. 
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A sHort time since, when describing the Cunard 
steamship Gallia (vide page 220 of the present volume) 
we mentioned that the vessel was fitted with centrifugal 
pumping engines constructed by Messrs. J. and H. 
Gwynne for circulating the water in the surface con- 
densers, &c. Of these pumping engines we now publish 
an engraving which will show their general arrangement 
clearly. The engines have cylinders 11 in. in diameter 
with ll-in. stroke, and the pumps have suction and 
delivery pipes 18 in. in diameter. As will be seen, the 
engines are vertical, and the two cylinders are placed 
together with the valve chests outside. The supply of 
water for the condenser is circulated with ease by one 
pump, the second being in reserve, while in case of 
accident to the hull of the vessel both pumps can be made 
to draw from the bilge, and will discharge collectively 
over 15,000 gallons per minute. The engines are care- 
fully finished, and all the forgings are made of the best 
hammered steel. Oil is conveyed to all the bearings 
from a single oil box. Engines of the class illustrated 
are extensively used for circulating the water in surface 
condensers, pumping from the bilge and water ballast 
compartments, &c., and they have givenjso much satisfac- 
tion to Messrs. J. and G. Thomson and the Cunard Com- 





pany that the Sahara now being built by Messrs. 
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Thomson is to be fitted with them. The importance of 
thus providing large steamers with ample pumping 
power/can scarcely be overrated, and an instance of 
this occurred last week, when from the want of such 
power the Eldorado nearly became a wreck in the Bay 
of Biscay, the fires being put out by water entering the 
vessel and the main engines being thus stopped. 








Coat CARS FOR THE PENNSYLVANIA RAILROAD.—The 
Pennsylvania Railroad Company proposes to build coal 
cars which are intended to carry about 20 tons each. They 
are larger than any cars which have been in use hitherto on 
the system, being about 6 in. higher than the hopper 
gondolas. A few days since one of the new cars was taken 
to Shamokin, Pennsylvania, in charge of an employé of the 
motive power department of the company at Altoona, and 
it was run beneath the several breakers in the neighbour- 
hood, in order to ascertain whether or not its height 
was too great for use in the anthracite ~-o It 
was then taken to Lykens, Pennsylvania, and also to 
Nanticoke, with the same object in view, the car success- 
fully passing under all the breakers at which it was tested. 
The gentleman who superiptended the experiments reports 
that the company will shortl in the erection of a suffi- 
cient number of similar cars for the coal trade. 
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TANK LOCOMOTIVE FOR THE NORTH BRITISH RAILWAY. 


CONSTRUCTED FROM THE DESIGNS OF MR. D. DRUMMOND, LOCOMOT 
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We give this week a two-page engraving, together 
with other views on the present page, of a six-coupled 
tank locomotive for the North British Railway, con- 
structed from the designs of Mr. D. Drummond, the 
locomotive superintendent of that line. The engine has 
cylinders 15 in. in diameter with 22 in. stroke, while the 
diameter of the coupled wheels is 4 ft. 6 in., the tractive 
152 x22 


force exerted being thus =91.71b. foreach pound 


of effective pressure per square inch on the pistons. 

The principal dimensions of the boiler will be found 
marked on our engravings, and it contains 146 tubes, 
13 in. in diameter outside, and 9 ft. long between tube 


plates. The heating and grate surfaces and chief propor- 
tions of the boiler are as follows : 
sq. ft. 
Heating surface: Firebox .. sie 62 
Tubes (outside) ... 602 
Total ou 664 
Firegrate area ... — sin me 13.3 
Flue area through tubes disregard- 
ing ferrules ... sa ose soo 1.9 
Sectional area of chimney at bottom 1.07 
Ratio of firebox surface to tube sur- 
face... one oe a ooo 1: 9.71 
Ratio of firegrate area to total heat- 
ing surface ... ‘au res ae 1: 48.1 
Ratio of flue area through tubes 
to firegrate area... er ode 1: 7.26 
Ratio of sectional area of chimney to 
firegrate area... a 1:12.9 


The firebox, which is of copper, has an arched crown 
stayed directly to the crown of the firebox casing, the 
central stays at the front end of the crown, however, not 
passing direct through to the shell, but to a strong T- 
headed forging which is connected toa T iron fixed to 
the shell by a pin-and-eye connexion, as shown in Fig. 1 
of our two-page engraving. The pin connexion is so 
made as to allow of the firebox expanding upwards 
during the process of raising steam without putting a 
strain on the crown at this point. As will be seen from 
the plan, Fig. 2, the firebox is bulged outwards at the 
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sides near the tubeplate, so as to enable a wide tube- 
plate to be got in; this form is similar to that used by 
Mr. Stroudley on the London, Brighton, and South Coast 
Railway. The boiler is fitted with a small dome, and 
the base of the ring of the barrel on which the dome is 
placed, has its butt joint placed at the top, the lower 
flange of the base of the dome having the butt strips 
for this joint welded to it. It may be noted that the 
ashpan dampers are of cast iron fitted to cast-iron mouth- 
pieces fixed to the ashpan. 

The cylinders, of which we give detail views on the 
present page, are made with short direct steam ports 
and double exhaust ports, a novel featurc, so far as we 
are aware, in locomotive practice. As will be seen from 
the detail views the passages have been got exceedingly 
short, so as to reduce clearance spaces, these being 
further diminished by the ports being made small, they 


having an area of 9 square inches only, or zm the ares 


of the piston. The steam is led to the valve chest through 
two 3-in. steam pipes, one of which communicates with 
the front and the other with the rear end of the valve 
chest. The arrangement of the exhaust passages will 
be readily understood on reference to the detail views, 
Figs. 4, 5, and 6. 

The guide bars are of L_ section, so that as put together 
they completely close in the crosshead blocks at the sides, 
and keep out dust, while the form of bar is also a very 
stiff one. Instead of being fixed at one end to the cylin- 
ders, as is usual, the guide-bars are, in the engine under 
notice, carried solely by a strong cast-iron motion plate 
which extends across the engine from frame to frame at 
a point a little to the rear of the middle of the length of 
the guide-bars, this motion plate—or rather casting— 
also carrying the valve spindle guides. The manner in 
which the guide-bars are supported by this casting will 
be readily understood on reference to the views on our 
two-page engraving. 

The crossheads a forged solid with the piston rods, 
and the latter are made with a very steep taper where they 
enter the pistons, so that the latter can be readily taken 
off the rods, The glands are of course made in halves to 
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enable the piston rods to be enla: where they enter the 
pistons. The link motion is of the Stephenson type, and 
the eccentric straps are of cast iron. All the bearing 
surfaces of the motion are large. 

The axle-boxes are of gun-metal and the springs are 
all slung beneath the axles. The engine is fitted with a 
brake applied to all the wheels, the brake-blocks bein 
of cast iron and so formed as to bear on the flanges an 
outer part of the tyres only, leaving the tread of the tyre 
free. This form of brake-blocks is regularly employed 
by Mr. Drummond in his practice, the object of employ- 
ing it being to more or less correct by the action of the 
brake-blocks, the alteration in the contour of the tyre 
caused by the ordinary wear on the tread. The section 
of the brake-blocks will be seen from Fig. 2 of our two- 
page engraving. 

The engine is fitted with wing tanks containing 600 
gallons of water, while the coal is carried in a bunker 
at the rear of the footplate, this bunker having a capacity 
of 48 cubic feet. The general design of the engine is very 
neat and it is altogether of a very useful type. 





A Stream Launcn vor Perv.—A steam launch to be 
used, it is sup’ , a8 a torpedo boat, has been landed at 
Aspinwall, and brought by train to Panama. This launch is 
of extremely delicate model, 72 ft. in length, and 9 ft. 
beam, and it is said to be capable of making 20 knots an 
hour. This latest addition to the Peruvian navy was 
immediately sent down to the anchorage of the Pacific Mail 
Company in order to receive the finishing touches to her 
engines before beginning her voyage to > 
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NOTES FROM THE SOUTH-WEST. 

The South Wales Coal Trade.—The new colliery work- 
ings, Harris’s Navigation and Penrbiwceiber, are being 
opened out well. At the Penrhiweeiber Colliery the output 
is now 400 tons of large coal daily, all of which is taken by 
Messrs. Cory. 

The Forest of Dean.—The house coal trade in this 
district continues brisk, and the pits are being worked, in 
the majority of cases, to their fullest capacity. The un- 
favourable character of the Severn, in consequence of an 
extensive ap ce of ice, has somewhat retarded the 
river trade. In the West Dean district the working classes 
have been complaining very much of the lowness of wages. 
Able-bodied and experienced pitmen in the Cinderford 
Valley are, with the recent advance, receiving 4s. Sn day, 
and coal is being sold at the pits at 12s. per ton. There is 
still a good demand for pig-iron wire and tin plates. Owing 
to the death of Mr. Crawshay, no movement been made 
with regard to the Parkend Iron Works. It is, however, 
understood that the purchasers are also holders of similar 
prety in Italy, and an extensive area of ironstone in 

ardinia 


The Pentyrch Works.—These works are beginning to 
exhibit si; of activity. The refinery department at 
Pentyrch forge has been in operation ory | the past week, 
and vigorous efforts are being made to get the —- and 
balling departments ready for a start. It is stated that a 
good order for sheets has been received. 


Newport.—There is a large business going forward in 
chartering steamers to bring iron ore from Bilbao to the 
Welsh ports, at rates varying from 9s. 6d. to 10s. per ton 
according to port. There is a large quantity of iron in the 
market, consisting of rails, scrap, rail ends, steel blooms, 
&e., ether with tin plates for New York, Baltimore, 
Philadelphia, and New Orleans. The steam coal trade has 
experienced much change, coal beipg as cheap as at any 
time during the last three months. 


Cyfarthfa.— During the last few days there has been a 
considerable addition to the manufacturing power of 
Cyfarthfa. Four out of the six mills are now in full work, and 
two out of the five forges. On Friday three fineries were 
at work, and a large quantity of metal was in transit from 
that part of the works to the puddling furnaces and the 
rolls. The blast has already been applied to the fineries at 
Ynysfach, and will be applied to the blast furnaces on 
Saturday and Monday. R long string of new trucks has 
arrived from Gloucester, bearing the name of the new 
owners of Cyfarthfa—Crawshay Brothers. 


Treforest Steel and Iron Works.—Preparations are pro- 
ceeding for starting a third furnace at can works. The 
company hold very substantial orders—one in particular 
for the Rhymney Company. Pig iron is now quoted at 
51. per ton, so that makers are now able to enter into the 
manufacture with a small margin of profit. 


Welsh Steam Coal.— House coal has been advanced 1s. 
per ton, and as coke has gone up, and coking small is 
also in demand at advanced prices, there is an expectation 
pene that steam coal will also be advanced. It is, 

owever, absolutely necessary for the attainment of this 
result that the demand of the iron works for coal should 
increase to such a point as to make the demand slightly in 
excess of the supply. 

Crumlin Bridge Works.—At these works orders for 
new iron girder bridges come in steadily, and the men em- 
ployed are working regularly. 

The Sliding Scale-—A meeting of colliers’ delegates, 
representing Monmouthshire and South Wales, was held at 
Aberdare on Monday, and representatives were appointed 
to sit upon a joint committee of masters and men for a 
selection of persons to form a new sliding scale committee. 


Rhymney Iron Works.—On Monday another blast fur- 
nace was blown in (No. 3) on the Bute side of the Rhmyney 
Tron Works. This is the third blown in within a period of 
two months. It is to be used for spiegel. 


The Severn.—A deputation from the Severn Com- 
missioners and inhabitants of the Worcester and Gloucester 
districts waited upon Lord Sandon at the Board of Trade 
on Wednesday, to represent an injury which would accrue 
to the navigation of the Severn Valley if a new Liverpool 
water supply scheme were sanctioned. After several 

entlemen bad stated their views Lord Sandon promised 
that the matter should have the earliest attention of the 
Government. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market opened 
dull last Thursday, and at one time prices were 104d. 
down. A sudden reaction set in at the close, and prices 
were run up to the extent of at least 1s. 6d. over Wednes- 
day’s closing price. Business was done at from 58s. 4)d. 
down to 58s., and thence to 58s. 744. cash, the forenoon 
market closing at the latter price for sellers, and buyers 
1$d. lower. Prices in the afternoon went up from 58s. 5d. 
to 59s. 6d., and closed at 59s. 6d. cash for buyers, and 
59s. 9d. one month, and at 14d. higher for sellers. Friday’s 
market opened a shade duller, but prices improved, and 
thereafter closed at the opening price, 3d. under the close 
of the previous day. There were transactions at the fore- 
noon market at 59s. 3d. to 59s. 7jd. and 59s. cash, and at 
59s. 9d. to 60s. one month, sellers at the close asking 59s. 
cash and 59s. 3d. one month, and hye 14d. less. In the 
afternoon from 59s. to 59s. 44d. and 59s. 3d. cash were paid, 
and sellers at the close asked 59s. 3d. cash and 59s. 6d. one 
month, buyers offering 1}d. less. ‘The market opened very 
firm on Monday, and at an advance of 74d. per ton over 


last week's closing price, and after a further advance of | ling of 


7id. per ton receded, and closed at the opening price. 





Business was done during the forenoon at from 59s. 10}d. 
to 60s. 6d. cash, and from 60s. to 60s. 9d. one month, the 
close being sellers at 60s. 6d. and 60s. 9d. cash and month 
respectively. In the afternoon quotations went from 
60s. 44d. down to 59s. 9d. cash, a from 60s. 6d. to 60s. 
fourteen days, but closed with buyers at 59s. 10}d. cash 
and 60s. 1}d. one month, and sellers 1}d. higher. A very 
large amount of business was done during the day. Yes- 
ron hs market was less firm, as there was a more favour- 
able ap nce of an arrangement being arrived at be- 
tween the miners and the poe saw oy and business closed 
about 4$d. under Monday’s closing prices. In the forenoon 
quotations ranged from 59s. 6d. to 59s. fourteen days, and 
from 59s. 9d. to 59s. 44d. one month, buyers at the close 
offering 59s. 1}d. cash and 59s. 6d. one month. There was 
a recovery in the afternoon from 59s. 44d. to 59s. 7d. cash, 
and to 59s. 9d. one month, the market closing with buyers 
at 59s. 6d. cash and 59s. 9d. one month, and sellers asking 
1d. per ton more. The warrant market opened quietly 
this forenoon, when business was done at 59s. cash, receding 
to 58s. 74d. cash, and again improving to 59s., which was 
paid, and the close was buyers at the latter and sellers 
asking 59s. lid. The market was again quiet in the after- 
noon—sellers at 59s, 3d. cash, and buyers offering 14d. per 
ton less. There has again been considerable inquiry of a 
satisfactory nature from America, and some new business 
has already been done, and as regards the trade of next 
spring there are encouraging prospects, both for America 
and the Continent. The price of makers’ iron has been 
well maintained, and a good demand exists for the superior 
brands. Large quantities of pig iron have again been trans- 
ferred from the makers’ yards to the warrant stores, and 
the stocks with Messrs. Connal and Co. up to last Friday 
night amounted to 397,645 tons, being an increase on the 
week of 6967 tons. Additional blast furnaces have been 
blown in during the week, so as to bring up the total 
number now in actual operation to 99, as compared with 
92 at this time last year. There was relatively a falling off 
in the shipments last week, the total being 8113 tons as 
against 8320 tons in the corresponding week of last year. 


Royal Scottish Society of Arts.—There was a fair 
attendance at the last meeting of this society, where 
Mr. D. W. Kemp, vice-president, occupied the chair. 
Dr. W. J. Black communicated ‘‘ Notes of a Visit to the 
New Sewage Works at Manchester.” In the discussion 
which followed the reading of Dr. Black’s paper, several 
gentlemen gave it as their opinion that, however advanta- 
geous the system might prove for towns like Manchester, 
it was not at all adapted for such towns as Edinburgh and 
Glasgow, where the houses of the working classes, as a rule, 
are several stories in height. 


English Ironworkers for Scotland.—Some of the Scotch 
ironmasters are experiencing a t deal of difficulty in 
getting a sufficient number of puddlers to meet their present 
requirements, and within the past week or two an agent of 
a Scotch firm has been in the Cleveland district endeavouring 
to secure a number of workmen of that class. Much better 
wages have been offered, amounting, it is stated, to 1s. or 
1s. 3d. per ton, when extras are taken into account, than 
are paid in the North of England districts. The efforts of 
the agent have been so far successful, that one batch of 
men was despatched to Glasgow on Saturday, and another 
was to leave on Monday. 


Fraserburgh Harbour Works.—At a meeting of the 
Fraserburgh Harbour Board held last Friday, it was 
agreed to give notice to the Public Works Loan Com- 
missioners that the sum of 20,0001. of the 40,0001. which 
they had consented to grant would be required in the 
financial year commencing next April. 


Aberdeen Harbour Engineership.—Mr. W. Dyce Cay, 
C.C., who has for some twelve or thirteen years held the 
office of engineer to the Aberdeen Harbour Commissioners, 
recently intimated to the Board that he intended for the 
future to reside in Edinburgh, but that he would be willing 
to continue his connexion with the harbour works. His 
letter was under the consideration of the Plans and Works 
Committee a few days ago, and a recommendation from 
that y was considered by the Harbour Board at a meet- 
ing held last ey & The recommendation was to the 
effect that Mr. Cay should be relieved of his present duties, 
and be appointed consulting engineer, being paid for any 
work that he might be asked to do, and that a resident 
engineer should be appointed ata salary of 4001. per annum. 
The meeting unanimously approved of the recommenda- 
tion, and Lord Provost Jameson spoke in high terms of 
the manner in which Mr. Cay had carried out the new 
works completed at the harbour, describing them as sub- 
stantial, and stating that they had been finished without 
serious accident. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.— Yesterday there was a 
large attendance on "Change at Middlesbrough, and the 
tone of the market was a great deal more cheerful. There 
are several complaints about the lateness of the hour at 
which business begins on ‘Change. When the Middles- 
brough market was first established it was decided to hold 
the weekly meeting each Tuesday at 11 o’clock, the market 
to close at one. Gradually the time for commencing busi- 
ness has been delayed, and not long ago it was arranged, 
chiefly for the convenience of visitors from other towns, to 
open the market at 11.45, and close it about 1.45. This ar- 
rangement went on satisfactorily for a time, but latterly 
the Teesside people have neglected to put in an appearance 
on Change till after 12 o’clock, and now it is frequently 
as late as 12.30 before there is anything like a fair sprink- 
i i » manuf , and merchants in the 


g of iro 
large hall of the Exchange. The consequence is, that 





visitors from Newcastle, Darlington, Leeds, and other 
places whose time is limited, are considerably inconve- 
nienced. Probably the mere fact of drawing attention to 
this matter will be sufficient to cause the Middlesbrough 
and Stockton people to be more punctual in their attend- 
ance. It was found yesterday that the stock of Messrs. 
Connal and Co., the warrant storekeepers of Middles- 
brough and Glasgow, amounted to 95,800 tons at the 
former place, where they are receiving about 200 tons 
daily, and sending out about 100 tons. The Middlesbrough 
warrants of Messrs. Connal are now quoted 46s. 6d. per 
ton. In Glasgow the stock of Messrs. Connal’s warrants 
stand at 399,645 tons. Yesterday there was very little 
business done for prompt delivery, the market price being 
about 45s. per ton for No. 3, although some merchants dis- 
posed of that quality at a lower figure. The demand for 
pig iron for forw: delivery continues, and producers are 
most sanguine that an excellent trade will done next 

ear. Several makers are now obtaining 50s. per ton for 

0. 3 for delivery over the first three months of next year. 
Ont of the 165 blast furnaces connected with the Cleveland 
Ironmasters’ Association, there are now 93 in operation, 
but in a short time several more will be added to the list of 
producers. 


The Finished Iron Trade.—Very great activity prevails 
in the finished iron trade. Works which have long been 
idle have recently been put into operation again, and all 
the establishments which are open are full of orders. 
Early next year more works which have been closed will be 
restarted, and it is firmly believed that there will be 
sufficient orders to keep them all in full swing. Prices are 
more remunerative, and still show an upward tendency. 


The Wages of Ironworkers.—It has been proposed to 
settle the question of the wages of the ironworkers of the 
North of England by the adoption of a sliding scale. The 
men claim an advance of 15 percent. By the end of this 
week a sliding scale will be submitted to the men, and the 
matter will be fully discussed by the Standing Committee 
of the Board of Arbitration, which conssits of representa- 
tives of masters and men. Should they be unable to 
agree to a sliding scale, the question will be settled by 
arbitration. 

The Rosedale and Ferryhill Works.—For some time 
es the Rosedale and Ferryhill Iron Works and Collieries 

ve been advertised for sale by auction, and suddenly the 
sale has been postponed. It is expected that the necessity 
for any sale by auction will be entirely removed, and that 
efforts which are being made to rearrange financial matters 
will be completely successful. Something like two-thirds 
of the capi’ uired for the formation of a new company 
to take over the extensive concern has already been 
arranged for. In the course of a few.days more definite 
information will be obtainable, and it will be seen whether 
the company can at once be formed. 


Proposed Reconstruction of Hopkins, Gilkes, and Co. 
—The liquidator in the matter of Hopkins, Gilkes, and Co., 
of Middlesbrough, has just issued a detailed scheme for 
the forming of a new company to take over the extensive 
concerns of Messrs. Hopkins, Gilkes, and Co., of Middles- 
brough. Itis proposed that the creditors should become 
shareholders of the new company. The scheme has been 
most favourably discussed. To-day (Wednesday) at a 
meeting of the creditors of Messrs. Hopkins, Gilkes, and 
Co., the matter was considered, but at the suggestion of 
the liquidator it was agreed that it should remain in 
abeyance for the present. The settlement of the claim 
of the South Aus Government for 100,0001. 
against Messrs. Hopkins, Gilkes, and Co., would ma- 
terially facilitate matters. It is hoped that the new com- 
pay will soon be formed, and that the works will shortly 

in full operation again. 

The Steel Trade.—There is a bg mepe J demand jfor steel. 
Messrs. Bolckow, Vaughan, and Co. are exceedingly busy 
at their Eston Steel Works, Middlesbrough, At present 
they are making steel from Spanish ore, not having com- 
pleted the erection of the new Bessemer converters which 
they recently purchased with a view, by special con- 
struction, to prevent the ‘‘ gobbing”’ of the mouth of the 
converter in making steel from Cleveland iron. 

Engineering and Shipbuilding.—Both these branches 
of industry are fairly well employed, and orders are still 
coming to hand. 

The Coal and Coke Trades.—There is a heavy demand 
for all kinds of fuel. The ‘collieries are working very well, 
and prices are tending upward. 





Tue Society or ENGINFERS.—The twenty-fifth annual 
general meeting of the members of the Society of Engi- 
neers was held on Monday evening last, the 8th inst., in the 
Society’s Hall, Victoria-street, Westminster. The re- 
—s President (Mr. R. P. Spice) occupied the chair, to 
which he has been eleccted two years in succession. The 
following gentlemen were balloted for and duly elected as 
the Council and officers for the ensuing year, viz.: As 
President, Mr. J. Bernays; as vice-presidents, Mr. C. 
Horsley, Mr. T. Porter, and Mr. J. Church ; as ordinary 
members of Council, Mr. S. Cutler, Mr. F. E. Duckham, 
Mr. F. W. Hartley, Mr. A. Rigg, Mr. W. Schénheyder, 
Mr. J. Walker, Mr. Perry F. Nursey, and Mr. C. Gandon, 
the two last-named gentlemen being new members of the 
Council ; as honorary secretary and treasurer, Mr. Alfred 

illiams ; and as auditor, Mr. W. H. Bennett. The Pre- 
sident announced that premiums of books had been awarded 

the Council to Mr. C. J. Alford for his paper “‘ On the 
ineralogy of Sardinia,” and to Mr. J. Andrews for his 
paper “‘On the Strength of Wrought-Iron Axles.” The 
proceedings terminated by unanimous votes of thanks being 
to the President, Council, and officers for 1879, 

which were duly acknowledged by them. 
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NOTICES OF MEETINGS. 


INSTITUTION OF CrvIL ENGINEERS.—Tuesday, December 16th, at 
8 p.m. Continued discussion on “ The Passenger Steamers of the 
Thames, the Mersey, and the Clyde.” 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 17th instant, 
at 7 p.m., at the Institution of Civil Engineers, the followirig papers 
will be read: “On a Sand Storm at Aden, July 16th, 1878," by 
Lieut. Herbert H. Russell, 8th Regiment. “On a New Form of 
Hygrometer,” by George Dines, F.M.S. “On Diurnal Range of 
Atmospheric Pressure,” by Richard Strachan, F.M.S. “ Note on 
a curious Fracture of a Solar Radiation Thermometer,” by G. M. 
Whipple, B. Se., F.M.S., F.R.A.S. **New Sunshine Recorder,” by 
Robert H. Scott, M,A., F.R.S., F.M.S. 
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SHIPBUILDERS AND THE BOARD OF: 
TRADE. 

JUDGING by the numerous communications we have 
received on this subject since the publication of our 
article of the 14th ult., on the relationship exist- 
ing between the shipbuilders and the Board of 
Trade, there can be little doubt that there is an 
exceedingly strong feeling against the unjust, and 
as we pointed out arbitrary and absurd, interference 
of the Board of Trade officials in matters relating to 
ship construction which do not at all come within 
the “— of their powers, or affect the safety of a 
ship. e have published several letters on the 
subject, which set the matter in a strong and vivid 
light. In the question of the cast-iron elbow pipes 
of the s.s. Pizarro, we pointed out the steps by 
which the officials of the Board of Trade tried un- 
successfully to enforce their views on Messrs. R. 
Napier and Sons, and we referred briefly to the fact 
that in the sister vessel Mendoza, they, by acting on 
the fears of the owners, succeeded in achieving their 
object, The case at present, we believe, stands as 
follows: After trying in vain to make Messrs. 
Napier and Sons fit brass elbow pipes in the Pizarro, 
the Board of Trade, acting on the suggestion of a con. 








sulting surveyor, who, so far as appears from the 
correspondence, might have never seen the ship or 
the elbow pipes in —— endeavoured to frighten 
the Pacific Steam Navigation Company, who were 
the owners of the vessel. This course failing, they 
refused the certificate ; Messrs. Napier placed the 
matter in their solicitor’s hands, and the Board of 
Trade granted the certificate, and in plain terms 
admitted that the cast-iron bends in question would 
not render the vessel unfit for the service intended 
for the twelve months over which the certificate 
would extend. Yet inspite of this, in the very next 
ship, a sister vessel fitted in the same way, by the 
same builders, they again refused a certificate when 
sought. This time no objection was taken until the 
vessel was completed on the Clyde, and had been 
delivered over to the owners in Liverpool. 

The vessel was fixed to sail on a certain day with 
cargo and passengers for South America. That 
she should keep her time and appointments was a 
matter of the first consideration to the owners. 
They probably cared little about the dispute he- 
tween the builders and Board of Trade about the 
brass elbow pipes, but wanted their certificate, and 
rather than detain the vessel pending a lawsuit they 
were induced to take out the cast-iron pipes, 
although all the ships in their fleet have been 
running with cast-iron elbow pipes for years and 
bearing Board of Trade passenger certificates, and 
although only a few months before the certificate had 
been granted for the sister vessel similarly fitted. 

When 7 in this light the ground taken up by 
the Board of ‘Trade appears too ridiculous to be 
believed. Everybody in the department must have 
been convinced that after the events which trans- 

ired in the case of the Pizarro the Board could not 
egally have withheld the certificate for the sister 
vessel Mendoza, and if the owners had not felt 
bound to send the vessel away by a certain time, 
and displayed their anxiety instead of claimin 
damages, the certificate would we are persuad 
have been granted. If the authorities had still 

rsisted, and the case had been taken before the 
aw courts, it would have led to a gross and wilful 
waste of public money that would have been pro- 
bably denounced from the bench and certainly con- 
demned in the House of Commons. 

One of our correspondents asks very properly why 
should the officers of the Board of Trade take all 
this trouble, put shipbuilders to all this expense, 
and expose Sncmncives to worry and obloquy in 
order to do what they must know is beyond their 
powers? To us it is incomprehensible. 

Let us examine a little more closely the real power 
and pretensions of the Board of Trade in reference 
to this question. In the first place, as pointed out 
recently by our correspondent ‘Shipping Interest,” 
the form of certificate for passenger vessels is laid 
down in the Merchant Shipping Act of 1854, and 
the only clause bearing on the hull and structural 
details of the ship, provides simply that the ship- 
wright surveyor shall declare “‘ That the hull of the 
ship is sufficient for the service intended, and in 
good condition.” 

Is, then, the fact of the elbow pipes being cast 
iron, without the smallest reference to their size, 
thickness, or quality, a sufficient reason for refusing 
such adeclaration? ‘The fact that hundreds, even 
thousands, of vessels afloat are so fitted, and that 
many of them are passenger vessels carrying pas- 
senger certificates, is a sufficient answer to any one 
who thinks at all impartially on the subject. 

What is the answer of the Board of Trade? 
Writing in reference to the Pizarro to the builder's 
solicitors, they say : ‘* Certain technical rules con- 
cerning the construction of fittings in passenger 
ships have been adopted by the official surveyors 
of the Board of Trade acting in accordance with 
the instructions of the Board. With these rules 
and instructions Messrs. Napier have throughout 
been well acquainted; they did not give any notice 
of their intentions to dispute the Board’s power- to 
issue the rules; but hey have in building the 
Pizarro for the Pacific Steam Navigation Company 
wilfully and purposely disregarded these rules, and 
have done so at such a time, and in such a manner, 
as to make the refusal of a declaration (which is the 
only means by which the Board of Trade surveyors 
can enforce the rules) a cause of very great incon- 
venience to third parties.” 

The reasoning employed in the above quotation is 
weak and fallacious in the extreme. In the first place 
the Merchant Shipping Act of 1854, from which 
the Board draws its power of issuing passenger 
certificates, says nothing whatever about technical 





rules being complied with, but is content if ‘“ the 
hull of the ship is sufficient for the service, and in 
good condition.” In the next place it is surely un- 
reasonable to complain that Messrs. Napier did not 
give notice of their intention “to dispute the Board’s 
power to issue the rules.” Their objection must be ~ 
to the application of the rules to their detriment con- 
trary to the Act of Parliament, not to their issue. 
It is not more open to the Board of Trade to issue 
a rule that all el » ee shall be brass than it is 
for them to rule that all hawse noe shall be silver, 
and cabin fittings refined gold, unless they can show 
that such a rule is necessary in order ‘that the hull 
of the ship may be sufficient for the service intended, 
and in good condition.” It is quite open to Messrs. 
Napier or any other builder to concede the Board’s 
power to issue rules, while still disputing their 
power to enforce silly and mischievous ones. 

The next complaint urged on behalf of the Board 
in the above quotation, is even more empty than 
that we have already referred to. It is as to the 
‘* time” and the “manner” in which Messrs Napier 
‘‘ wilfully and purposely disregarded these rules,” 
We can only conceive one “time” when it would 
have been possible for them to have transgressed in 
this way, namely, when the time came for arranging 
the fittings during the construction of the ship; 
and as the manner” only consisted of using the 
same material as they had always used before and 
found satisfactory, one would hardly have expected 
to see it spoken of so complainingly. 

Again it does not atall follow because the refusal 
of a declaration is ‘‘the only means by which the 
Board of Trade surveyors can enforce the rules,” 
that, therefore, everybody must accept such refusals 
meekly, It is like one’s enemy complaining ‘ I have 
only one way to injure and annoy you, and even that 
you won’t let me adopt!” All depends of course on 
whether the rules are n to secure the safety 
of the ships or whether they are arbitrary whims, or 
asa correspondent puts it ‘‘ somebody’s fads.” And 
curiously enough on this point, the only one of real 
importance, not an atom of evidence is adduced or 
a reason assigned by the Board of Trade beyond 
the assertion that these cast-iron pipes are fittings 
of a character that, ‘*according to the best advice 
they have been able to procure, ought not to be 
sanctioned.” ‘This, be it remembered, although the 
Board in the case of the Pizarro afterwards admit 
in the same letter we have been quoting from that 
they ‘‘are advised that the ship may be allowed to 
proceed with the present fittings for a short time 
without danger,” and that they have consequently 

ted her a certificate for twelve months—the 
meer period for which they are empowered to grant 
it for any vessel, 

Having been compelled in the case of the Pizarro 
to surrender the point at issue, and to grant the 
certificate, owing to the owners showing no disposi- 
tion to yield any more than the builders, the Board 
of Trade, we regret to say, had recourse to an 
expedient anything but creditable to a Government 
department, viz., an implied menace of future 
trouble to the owners whenever the vessel in ques- 
tion should come under survey in the future, until 
their unreasonable requirements had been complied 
with. They “ sabeped to their officers at Liverpool 
or elsewhere the right and duty of refusing decla- 
rations for this vessel after the expiration of a year, 
unless the cast-iron fittings to which objection has 
been taken are removed and replaced by proper 
fittings, although there could be no special reason 
to expect rapid deterioration.” And to this threat, 
discreditable to the department as it is, we attri- 
bute in some measure the surrender by the same 
owners in the case of the Mendoza of the absolutely 
impregnable position they held in the case of the 

izarro. 

Encouraged by this surrender on the part of the 
Pacific Steam Navigation Company, the Board of 
Trade have, we understand, refused to grant a pas- 
senger certificate to another large passenger steamer, 
the Buenos Ayrean, just completed on the Clyde by 
Messrs. Denny Brothers for the Allen Company. 
It is to be hoped that in this case the matter will 
be decided once for all by reference to a pro- 
ag & qualified tribunal, as it should have been 
in case of the Mendoza, and we are persuaded 
that as the owners have shown sufficient courage 
and firmness, the builders will not be bes. Big 
the public spirit necessary to defend their own rights, 
as well as those of their fellow shipbuilders, 

On the question of what tribunal is the fittest to 
decide this matter, there also appears to be a material 
difference of opinion between the Board of Trade 
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and the shipbuilders, In the cases of both the 
Pizarro and Mendoza the representative of the 
Board referred the builders to Section 14 of the Mer- 
chant Shipping Act, 1876, as to an — to a 
court of survey. In both cases the builders’ soli- 
citors declined to appeal to a court of survey, 
and fell back on the rights of their clients to 
appeal to a court of law. ‘They did so on the ground 
that it is optional with the builders to appeal to a 
court of survey or not at their will, even supposing 
the Board to be acting within their rights, the words 
of the statute being “the owner may appeal” not 
‘‘ shal! appeal.” And furtber, on the ground that 
this right of appeal was conferred where the Board 
of Trade might have been acting even within their 
power, and was not intended to supersede the owners’ 
right to resort to the civil courts for redress where 
the proceedings of the Board of Trade were deyond 
their power as contended in this case. 

It is sufficiently well known that the institu- 
tion of courts of survey was a device of the Board 
of Trade itself embodied in the Merchant Shipping 
Act of 1876, and that up to the present time it has 
remained practically a dead letter, and on the 
whole we are not surprised at the preference dis- 
played by builders for the old-fashioned appeal to 
the civil law courts. There can be little doubt 
that this question of the interference of the Board 
of Trade with the details of ship construction is 
rapidly approaching a crisis, and it is certainly to 
the interest of both shipbuilders and shipowners that 
this crisis should be hastened. It will also be con- 
ducive to the best interests of the country, and to the 
prestige of the Board of Trade, that the whims and 
vagaries of their surveyors should be checked where 
they uselessly harass and alarm great commercial 
interests like those of the mercantile shipbuilders 
and shipowners of this country. 


THE CAPTURE OF THE “HUASCAR.” 

WE publish this week on the opposite page an en- 
graving taken from a very interesting sketch of the 

uascar made by a Chilian officer after the battle, 
and plan showing the movements of the combatants, 
and we append below an account written by one 
who has visited the vessel and examined her injuries. 
This is the first pitched battle between sea-going 








ironclads that has been fought out, and hence every | P° 


additional particular has a special value. It will be 
seen that the Huascar was terribly punished, which 
was expected from the previous news as to the car- 
nage on board, That she was overpowered by the 
Almirante Cochrane before the arrival of the 
Blanco Encalada appears clear, and it is certain 
that her own gunnery practice was wretched— 
as bad indeed as it was when she was en- 
gaged by the Shah. When we remember that 
the Almirante Cochrane carried the same weight of 
broadside as the Huascar, and com the well- 
directed hits inflicted on the latter with the fact that 
the Cochrane was only hit twice, and did not receive 
any material damage, it is evident the Peruvians 
must have fired very wildly, and had but indifferent 
control over the movements of the guns, The 
fact of losing their gallant Commander Grau at the 
beginning of the action doubtless had a demoralising 
effect on the crew of the Huascar, from which they 
never appear to have recovered. That they con- 
tinued to fight obstinately and gallantly there can 
be no doubt, but it was the courage of despai 
without the guidance of a cool, clear head. The 
blows delivered by the Chilians however were 
singularly well placed. They are well distributed and 
likely to do much damage if not cripple the ship. 
The shot which smashed in the conning tower and 
killed Admiral Grau was eithera singularly well- 
placed or very lucky one. Nothing could show 
more clearly than this one fatal shot the absurdity 
of building up a weakly-protected tower of this 
kind to draw the enemy’s attention to the where- 
abouts of the most valuable life on board. It has often 
been said by our own officers in reference to 
the ae fitted in some of our own earlier 
ironclads that they would rather take their chance 
in any other part of the ship, or command her from 
an unprotected spot than make use of them, Of not 
less importance than the shot which struck the 
tower is the one —_ aft which destroyed the 
steering gear and killed all the men steering and 
the relief waiting. The superior steering powers 
of the Cochrane must have given her the advan 

of position, for she had a number of fair hits at the 
broadside, and the fact of most of the blows being 
on the after body shows she manceuvred to keep 





round the stern of the Huascar, not only to avoid the 
ram, but also to mask the sweep of her turret guns 
which would have a much freer range before than 
abaft the beam; and also to try and cripple her 
steering, in which she eventuallysucceeded, The plan 
confirms this view. One shot only appears to have 
hit obliquely and glanced off, viz., one shown on the 
bow nearly abreast of where the foremast stood. The 
foremast of the Huascar was on Captain Coles’ tripod 
system, and this appears to be gone. The muzzle of 
the small broadside gun at A was shot away. The 
iron plate protecting the men at the Gatling gun in 
the main-top at B was shot away and the men 
killed. The conning tower (hexagonal) in which 


Admiral Grau was killed is shown atC, The turret | f 


was penetrated by two shots, the one at F starting 
the top plates, and that at G landing on the gun 
carriage alongside the trunnions. Another shot at 
H carried away the capstan, and the top of the stem 
and forecastle plating was shot away as shown at I. 
The vessel is shown cleared for action with the 
bulwarks stowed away so as not to obstruct the 
fire of the turret guns. 

No mention is made of torpedoes in this action, 
or of the Chilians attempting to ram the Huascar, 
although both the Almirante Cochrane and Blanco 
Encalada have ram bows, and from their greater 
speed and turning power could easily have rammed 
had they chosen. Feeling confident in the supe- 
riority of their artillery and armour, they doubtless 
hesitated to strike with the ram so long as there 
was a chance of capturing the Huascar, and they 
have been amply repaid by the result for resisting 
the temptation. This may be taken as a good illus- 
tration of what is likely to happen in most future 
contests among ironclads. The vessel weakest in 
the artillery duel will probably try to ram the 
stronger, while the latter will, if possible, avoid 
coming to close quarters within the reach of ram 
and torpedo, so long as the advantage in guns re- 
mains with him. 

Some important lessons may be drawn from this 
action that are well worth thought and study, and 
foremost among these is the enormous value of 
superior speed and handiness, When it is seen 
that the Huascar with only 4}-in. armour can stand 
up and fight for an hour and a half against 300- 
under Armstrong guns capable of piercing armour 
double thethickness without being sentto the bottom, 
it is to our minds clear that if the Huascar had 
been faster and handier than the Almirante Cochrane 
she would have had time and opportunity to use her 
ram on the stronger vessel, and doubtless the intrepid 
officer in command of the Huascar would have done 
so effectively unless the Chilian could have brought 
to bear a more summary mode of punishment in the 
shape of to oes. This bears out the experience 
derived from the action of the Shah and Huascar. 
Itis much too commonly thought that if the guns of 
one ship can penetrate the armour of another, the 
action must necessarily be a short one. Sufficient 
allowance is not made for the inaccurate firing at 
sea during a naval action. People talk about the 
difference between 18in. and 20 in. of armour as if 
one rendered a ship safe, and the other left her 
liable to be sent to the bottom by a single shot in 
what is termed a vital part. We think the expe- 
rience of the recent action in the Pacific shows that 
such chances are small compared with the proba- 
bility of the faster and handier ship having time 
enough to use her ram in spite of a considerable 
disparity in armour and armament, and with no 
pretensions to being invulnerable, provided the en- 
gines and boilers are kept secure Stew water, and 
the.steering apparatus is efficiently protected. We 
append the following description received from a 
correspondent in Chilian waters, and to which we 
have before referred : 


Now for the Huascar. You know that she has 
frightened the whole of the Chilian coast.towns ; and it is 
said quite paralysed trade. The ironclads were found to be 
no match {for her, although on their trial trip only so few 

ears ago they more than surpassed anything the Huascar 
done. The Chilanos had sacked their English engi- 
neers and the natural result of placing such machinery in 
the hands of i i men was that it got neglected, and 
the Cochrane was sent to Valparaiso and repaired at I am 
afraid to say the price. The O’Higgins had new boilers, 
and seep arrived the other , they went to the 
Mejillones waited for the chief engineer of the Blanco 
to put his ship in a little order. When she was ready and 
they went to Arica to look for the Huascar, and take her 
at any cost, they found she had gone south, and every day 
we heard of her visiting some port or other. The 
Chilian fleet then waited for her. On Tuesday, the 8th, we 
had news of her or oe. and on W y early 
morning we heard she been in our bay, and as we knew 





the Chilian fleet were waiting outside, we were not so much 
surprised to hear of hercapture. She, with the Union, on 
passing round the north point of this bay, Point Moreno, 
met the Blanco ironclad, the Covodonga wooden gunboat, 
and the transport Matias Cousifio ; the transport was sent 
here oe hh to Mejillones that the Huascar was being 
chased ; but after coming on a short way, she turned to 
steam to Mejillones to take the news hi The Blanco 
and Covodonga allowed the Huascar and Union to 
north, and after going a short way, the smoke 
of the rest of the Chifian fleet was seen, and the Huascar 
was placed between two fires. The Loa fast transport and 
the were sent after the Union, the Magallanes 
was so far behind that the Loa had to slow, being no match 
herself for the Union. The Union cleared away at about 
12} knots. The Huascar fired the first two shots, but her 
shooting appears to have been heen bad. The fourth shot 
rom the ironclad Cochrane struck the —- (of the 
Huascar) tower, and as it was only made of 3in. iron, then 
84 in. of wood, and an inner lining of 4in. iron and 
hexagonal, the shot went through, knocking two of the 
lates forming two sides down, and must have burst inside, 
‘or the inner lining was all burnt away ; and of poor Grau, 
regretted by all, only a leg and a foot, and three or four 
teeth, were found. He must have been killed before he had 
time to realise danger. The second and third were also 
killed ; and after fighting the Cochrane for one hour, and 
the fleet for another ti =e minutes, she gave in. 
Her oon shot away, and it was thought she sur- 
rendered, but she foug t under a second flag, and when she 
did surrender they forgot to stop her engines, and the 
Cochrane continued to fire on her, they could not trust her ! 
She, the Huascar, tried to ram the Blanco, and the last 
three shots of the Blanco were fired at a range of under 
20 metres. The Chilian iron are twin screws, and so 
can turn round like tops. The Huascar could have little 
chance of ramming them. Considering the commanders were 
all killed, it is not surprising she gave in; had Grau 
lived he would not have surrendered his ship in fighting 
trim. The Chilian ironclad Cochrane was hit twice, 
but no material _ he gy done 9 me = 
stern passing right through her diagonally, hitting the 
corner of the battery, glancing out and just touching the 
muzzle of one of her guns; the second shot hit her bow in 
the same way. The Huascar was severely punished, six shots 
went clean through her, one entered her stern killing eight 
or ten men. Her steering gear was knocked away three 
times, and this shot entering her stern killed all the men 
steering and the relief waiting ; between fifty and sixty men 
killed on board the Huascar. The Palliser shells appear to 
have burst with dreadful effect ; one cleared the surgery, 
doctor, wounded, table and all, another sent beds and 
wounded right on top of the machinery, one shot or shell 
entered her turret, as you’ll see on the photo , and hit 
the trunnion of the cannon bursting and disabli hy inside, 
another entered the turret higher up going right through 
and starting a top plate at the end. There was only one 
gunner left and he fired the last shot at close quarters 
and missed the Blanco—the poor beggar could only fire 
and not sight the gun. Another shot grazed the turret 
scooping a piece out, and there is the mark of a shot from 
the Shah, the point penetrated about 2}in. Her nose is 
knocked clean away, her funnel pierced by two shots and 
no end of bullets from two Gatlings up in the tops of the 
ironclads (the new revolving cannon, a Dutch name, Nor- 
denfeldts, or some such name, they have two, one on 
each ship, they are not ‘* Gatlings’’); of course she 
had no ehance against such odds, and these ironclads 
with their central batteries could turn as quickly as the 
Huascar’s turret, and always have acannon in position to 
bear on the enemy. I was told this on board as proved. 
The Huascar’s turret is certainly only worked by hand, but 
is as quickly revolved as the guns are loaded I expect. I 
have got my information from engineers of both ships. 
The three commanders of the Huascar being killed finished 
her, and being so overpowered they had no chance in any 


way, left as were each on his own hook. The machinery 
escaped wonderfully ; it has an old-fashioned jet condenser, 
but it somehow puts the more modern ironclads’ machinery 


in the shade. The ironclads did 13 knots on their trial trip, 
and now do 10 toll knots. The turret ship did 11 knots, and 
now does about the same. The Huascar was painted grey. 
The small photograph of her is very like what she was before 
her foremast was taken away. The shell that hit Grau’s 
tower must have burst inside it, for I picked up several pieces 
embedded - - — _ ain — — 
paraiso ; she stopped a’ e ports on her way down 
that had been frightened by her. 

Autofagasta, October 14, 1879. 








PRIVATE BILLS FOR SESSION 1880. 

WE this week resume our notice of the Private 
Bills which have been deposited for the coming 
session. 

The Scarborough and Whitby Railway Bill is to 
revive the powers of that company under their Acts 
of 1871 and 1873. The next-mentioned notices re- 
late to extensions of time, viz.: Bristol and Portis- 
head Pier and Railway Company (including other 
es: Loose Valley Company: Llanel y and 

ynydd Mawr Company: Llantrissant and Taff 
Vale Junction Company: Pontypridd, Caefphilly, 
and Newport Company; also to make a deviation 
of their authorised line: and the Mersey Railway 
Company. 

The following companies impliedly admit thaf they 
can no longer struggle against fate and the money 
market, and accordingly apply for abandonment 
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THE CAPTURE OF THE PERUVIAN IRONCLAD 
(For Description, see opposite Page.) 
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REFERENCES, No.1. The Huascar and Union met by the Blanco Encalada, 
B. Blanco Encalada, ironclad Chillian ship. Covodonga, and Matias Cousino coming out of Autofa- 
Co. Almirante Cochrane, ironclad Chilian ship. gasta Bay at 2.45 A.M., October 8, 1879. 
Cc, Covodonga, Chilian corvette. No.2 Heaviest fighting 9.20 a.m, 
M.C. Matias Cousino, Chilian transport. No.3. Huascar attacked by the three ships attempting to ram 
L. Loa, Chilian transport. the Blanco and Cochrane. 
O'H. O'Higgins, Chilian corvette. No, 4. Surrenderatll, Fighting distance 3000 to 20 metres. 


Bills, including the release of their Parliamentary 
deposits, viz. : ‘'he Cleveland Extension Mineral; the 
Devon and Cornwall (as to parts authorised by their 
Act of 1873); the Ely and Bury St. Edmunds; the 
Manchester and Melford (Devil’s Bridge branch) ; 
the Teign Valley; the Wednesfield and Wyrly 
Bank ; the Worcester and Aberystwith Junction ; 
and the Leominster and Bromyard. It is always 
dispiriting to see undertakings like these, about 
which so much ingenuity, time, and money have 
been spent, giving up the ghost. Several of them 
form important links in through communication, 
and by their non-construction, in addition to local 
disadvantages, leave gaps in the great railway 
system of the country, which must inevitably be 
filled up some day. We consider the subject well 
worthy of attention by the landowners of the dis- 
tricts affected. This exhausts the notices relating to 





existing companies. Some few of the prominent ones 
certainly bear a rather menacing aspect, which even 
as far as it goes is probably only assumed for particu- 
lar objects, otherwise the general policy appears to 
tend more towards self-development and improve- 
ment than in a hostile direction. 

The applications next to be commented upon are 
those for incorporating new railway companies. 
None of these on the present occasion affect London 
proper, or come within the cab radius; we have 
consequently for convenience sake placed them 
alphabetically instead of geographically. Cobham 
Railway is to be in two sections, No. 1 starting 
from an independent point in Church Cobham, 
Surrey, &c., joining the South-Western line at 
Thames Ditton, and No, 2 is a junction from No, 1 
to Surbiton Station, The Edinburgh Suburban and 
Southside Junction Railway consists of three junc- 





tions with the North British line in the parishes of 
St. Cuthbert’s and Duddingston, which is the reason 
why it is ae in the London Gazette. Elham 
Valley Light Railway is from the South Eastern Line 
at Canterbury, near the Chatham and Dover Bridge, 
over that railway, to the SouthKastern at Cheriton. 
The Fakenham and Melton Railway is from a 

int on the Great Eastern Railway, near Faken- 
= Station, to an independent terminus at Melton 
Constable, near Burgh Hall; its construction will 
involve interference with Malt Mill, Kettlestone, 
and Ryburg Commons; the Bill is to contain pro- 
visions embodying machinery similar to that of the 
Improvement of Land Act, 1864, to aid in its con- 
struction. Freshwater, Yarmouth, and Newport 
Railway, in the Isle of Wight, starts from an inde- 
pendent station at Freshwater, and forms a junction 
with the Cowes and Newport Railway near Newport 
Station. The Bill is to authorise running powers 
over some, and working arrangements with many 
other companies, and will also contain similar provi- 
sions to the last as to the machinery of the Improve- 
ment of Land Act. 

The Gravesend, Northfleet, and London, Chatham, 
and Dover Junction Railway consists of three sec- 
tions and is designed to join the Northfleet Coal and 
Ballast Railway with the Chatham and Dover in 
the parish of Darenth, The Huddersfield South 
and East Junction Railway consists of three lines, 
the first being from an independent station at 
Huddersfield to a junction with the West Riding 
and Grimsby at Hemsworth; No. 2 is a connexion 
with the Huddersfield and Manchester line of the 
North-Western Company, at Huddersfield; and 
No. 3 connects the scheme with the Midland at 
Falkirk. Running powers are claimed over parts 
of the North-Western, the West Riding and 
Grimsby, and the Great Northern Railways. We 
forget without reference to back numbers of the 
London Gazette, which are not handy at the pre- 
sent moment, how many times we have had to 
chronicle a notice for a new company to construct 
a Hounslow and Metropolitan Railway, but it is 
quite evident that the end of our labours in that 
respect has not arrived yet, for here is another 
application quite as rampant as any of its predeces- 
sors, and this also includes the abandonment of the 
old railway authorised in 1866, which, as we have 
before pointed out, hardly strikes us as a conclusive 
argument in favour of the incorporation of a 
new company for a similar purpose. There may, 
however, be machinery behind the Bill which 
outsiders know nothing about. The Hull, Barnsley, 
and West Riding Junction Railway and Dock is an 
important affair if lengthy description is a criterion, 
It is to consist of twenty-one separate railways or 
sections, besides other works ; the Billis to contain 
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running powers over railways which use up the 
letters of the alphabet from A to S, and working 

ement provisions with six different companies 
and the Cheshire Lines Committee ; also powers as 
to through booking, and in short, judging by the 
notice, is only second if not before the Liverpool 
Corporation Water Works asthe Bill of the session, 
always supposing that it tides over the 14th of 
January and is proceeded with. 

The Helston Railway notice is a very clean and 
concise affair, and the railway is from a junction 
with the South-West Cornwall Railway near 
Gwinear-road Station, to an independent terminus 
at Helston. Haverfordwest and St. David's Rail- 
way, in the county of Pembroke, is to have an 
independent commencement and termination, and 
an intermediate connexion with the Great Western 
Railway near the 279th mile-post. Harrow and 
District Railway comprises five sections, Nos. 1] 
and 2 being connexions with the District and 
Great Western lines at Ealing; No. 3 carries 
the railway on to Harrow; No. 4 continues it to 
another part of Harrow, where we presume the 
station is to be; and No. 5 connects it with the 
authorised Kingsbury and Harrow Railway ; some 
running powers are claimed, and the through 
booking provisions are unusually peremptory. The 
notice is anonymous, but has a strong party flavour. 

The Maidstone and Ashford Railway undertaking 
is to comprise three railways, the first being from 
the London, Chatham, and Dover line at Maidstone 
to an independent terminus at Ashford; No. 2 isa 
connexion between the South-Eastern and Chatham 
and Dover Railways at Maidstone ; and No. 3 
connects No. 1 with the South-Eastern at Ashford. 
The Bill is to contain working agreement powers 
with both those companies. Maldon and Mersea 
Deep Railway and Pier is to be constructed by a 
junction line with the Witham and Maldon branch 
of the Great Eastern to the mouth of the River 
Blackwater, and the pier is to have rails on it 
for the passage of engines and carriages, Man- 
chester, Halifax, and Bradford Railway comprises 
six railways; the first three form connexion be- 
tween the Manchester, Sheffield, and Lincoln from 
near Ashbury Railway Station, and the Midland 
Leeds to Bradford line at Manningham Station ; 
No. 4 is from the Manchester and Stockport Rail- 
way to an independent station at Droylsden, in 
Manchester; No. 5 is from the Lancashire and 
Yorkshire Railway to No, 2; and No. 6 is from 
No, 2 to the Halifax and Ovenden Railway. The 
Bill takes power to stop up several streets, and is to 
authorise running over parts of the Sheffield, and 
Lancashire and Yorkshire Railways. 

Port Talbot and Rhondda Railway Bill is to 
authorise the construction of eight railways (seven 
of which are wholly in or connected with the parish 
of Margua) from Port Talbot to the South Wales 
Mineral and Taff Vale Railways. Plymouth, Tot- 
ness, Paignton, and Torquay District undertaking 
consists of two railways, commencing by a junction 
with the Great Western at Little Hempstone, and 
terminating by a junction with the Torquay and 
Dartmouth line at Paignton. 

The Rickmansworth and Watford Extension Rail- 
way Bill is to authorise two railways, one being 
from the authorised Kingsbury and Harrow line at 
Harrow to Rickmansworth, the other from a point 
on the first in Rickmansworth to the High-street 
Station of the Watford and Rickmansworth Railway 
at Watford. Whatever the object of this notice may 
be, the source from whence it emanates is, to our 
thinking, not difficult to divine. The Strathendrick 
and Aberfoy Railway is to form junctions with the 
Blane Valley, and Forth and Clyde Junction Rail- 
ways, The South Wales and Southampton Railway 
consists of two lines ; No, 1] commences by a junction 
with the Swindon, Marlborough, and Andover 
Railway of the present year at Swindon, and termi- 
nates by a junction with the Stonehouse and Nails- 
worth Railway, near Nailsworth Station ; and No. 2 
connects No, 1 with the Great Western Railway at 
Swindon; running powers over Swindon, Marl- 
borough, and Andover, Great Western, Midland, 
Stonehouse and Nailsworth and Severn Bridge 
Railways, and working agreements with Swindon, 
Great Western, Midland, and South-Western Com- 
panies are sought ; the line strikes us as a revival of 
part of an extensive project contemplated about eight 
years ago, but not proceeded with, Southsea Rail- 
way is in three parts, two being junctions with the 
joint line of the South-Western and Brighton Com- 
panies from the main line, which has an independent 
commencement and termination. 





Skipton and Kettlewell Railway is from the Little 
North-Western Railway at Skipton to an inde- 
pendent station at Kettlewell. Working arrange- 
ments are offered to the Midland, Lancashire and 
Yorkshire, and Great Northern Companies; and 
running powers are claimed over part of the Midland 
with the use of Keighly and Skipton Stations. 

The undertaking called the Taff Vale Great 
Western and Merthyr Junction Railway consists 
of four lines, which begin by a junction with the 
Taff Vale Railway, pass through several parishes 
with unpronounceable Welsh names, and termi- 
nate by a junction with the Brecon and Merthyr 
Junction Railway, and form connexions with the 
Vale of Neath and Hirwain Pond Railway. The 
Uxbridge and Rickmansworth project comprises 
two railways, No. 1 connecting the Uxbridge 
branch of the Great Western with the Watford and 
Rickmansworth Railway in the last-named parish, 
and No, 2is from the same branch to the authorised 
Staines and West Drayton Railway, near its junction 
with the Great Western main line. The West 
Wickham and Hayes Railway is from a junction 
with the South Eastern at Beckenham to an inde- 
pendent station at Hayes in Kent. 

Woodside and South Croydon Railway is to be 
wholly inthe parish of Croydon, and is to connect 
the South-Eastern Railway with a lime of the 
Brighton Company’s Croydon, Oxted, and East 
Grinstead Railway of last year. Yarmouth Union 
Railway is wholly in the parish of Great Yarmouth 
from the Yarmouth and North Norfolk Light 
Railway to the North Quay, and the Bill is to 
include a tramway on the quay. 

Here we reach the end of the a em com- 
panies. The first reflection upon them always is, how 
many will survive the 14th of January? the next 
what willbe the ultimate fate of such of them as may 
happen to be included in one of those imposing 
spectacles called ‘‘a messsage from the Lords,” and 
receive the royal assent ? Certainly the free-handed 
way in which some of these projects are thrown at the 
feet of existing companies to construct and maintain 
is not encouraging in the interest of independent 
companies, but we fear it ison a par with casting 
pearls before swine so far as appreciation goes. The 
next applications we shall have to notice are for the 
construction of tramways. 








THE LECTURE SEASON. 

Tue Royal Institution lectures will begin on Satur- 
day, 27th inst., on which occasion Professor Tyndall 
wil give the first of a series of eight lectures on 
‘¢ Air and Water.” Each of these admits of extensive 
development, and doubtless will receive adequate 
attention from one who has devoted so much time 
to the subjects as the author of that admirable 
little work the ‘‘ Forms of Water.” The lectures 
are limited to eight ; but this limitation is not in- 
compatible with comprehensive treatment, as the 
habitués of the Institution well know. We are 
further informed that they will be adapted to the 
requirements of a — auditory. This custom of 
giving Christmas lectures to the young was begun 
by Faraday, and has now passed into the traditions 
of the Institution. Youthful students will, no 
doubt, flock as in _ years to gather instruction 
from the lips of Faraday’s successor; but eager 
proficients will not be absent from the lecture 
theatre, and more than one veteran will take a seat 
among the audience anxious to hear an authoritative 
statement on some of the more vexed questions of 
the hour. 

Professor Dewar promises a valuable contribution 
on contemporary science. For the last eighteen 
months rumours have been afloat which tend to 
shake one’s faith in the generally accepted number 
of the elements. The spectroscope seems to be 
threatening strange disclosures; but as yet its 
utterances are somewhat shrouded in mystery, and 
even the initiated do not fully agree as to their 
exact import. It will be remembered that Professor 
Dewar is in the van of those ardent investigators 
who lead the attack on the arcana of nature. He is 
therefore well fitted to sum up the researches that 
have been made, and to point the conclusions to 
which they tend. His eight lectures on ‘* Recent 
Chemical Progress” must therefore be welcome to 
all votaries of science, 

Of the Friday evening discourses we can speak 
but sparingly, as seyeral of the distinguished 
lecturers who have offered their services for the pre- 
Easter session, have not indicated the subjects which 
they intend to treat. Among those are Professor 





Tyndall, Dr. Huggins, Mr. Bramwell, and Dr. 
Siemens. Dr. Carpenter will give a discourse on 
January 23rd, on ‘‘Sea and Land in relation to 
Geological Time ;” and Mr. Preece, on February 
13th, will lecture on ‘“ Wheatstone’s Telegraphic 
Achievements.” 

The London Institution has just issued its syllabus 
of lectures, ‘They are thirty-one in number and are 
of avery miscellaneousnature. This variety is quite 
consonant with the character of the Institution, 
whichis mainly intended to popularise sound notions 
in science, literature, and the arts. This it does by 
evening lectures, a circulating library, a reference 
library, and well-stocked reading-rooms, 

Of the thirty-one lectures, six are on science sub- 
jects. The first of these was given on the 7th inst. 

y Mr. William Crookes on that branch of molecular 
physics which he has made pre-eminently his own, 
and in which he has obtained such marvellous 
success, viz., ‘‘ Experimental Demonstrations in 
Radiant Matter.” On the 15th inst., Professor 
Odling will illustrate a ‘Recent Application of 
Organic Chemistry,” and on January 5th, Captain 
Abney will refer to the oft-mooted subject of “ Solar 
Radiation.” On January 19th, Mr. J. E. Gordon 
will lecture on the “Leyden Jar.” Although this 
phial is a familiar object to science students, still 
there are several important points connected more 
especially with the phenomena of discharge, which 
have not yet found their way into text-books, and 
which will, no doubt, give freshness and interest to 
Mr. Gordon’s lecture. On January 22nd, Mr. W. 
E. Ayrton will discourse on “The Hundred- 
Thousandth of a Second ;” Professor Armstrong, 
on February 2nd, will lecture on ‘‘ Chlorine,” and 
on March 8th, Mr. Palmer, R.N., will treat of 
‘* Life-Saving Apparatus at Sea.” 








THE HARDENING OF STEEL. 
To THE EDITOR OF ENGINEERING. 

Srr,—I have read with considerable interest your 
correspondents’ letters on the above, a subject which I think 
deserves a great deal more attention than has been paid to 
it. There is, however, more information on the subject 
than some of your correspondents suppose, but it is very 
much scattered, and sadly requires condensing. 

It is always well in studying questions of this sort to 
accept as evidence only well proved facts, weeding out 
everything that is doubtful or unproven. Now there are 
three facts, thoroughly authenticated, and which can easily 
be proved, the study of which will, I dare say, throw some 
light on the matter. 

1. “‘ Thecarbonin steel is in chemical combination both 
before and after hardening.’’ Your correspondent, Mr. 
Woodcock, assumes that the carbon is changed from the 
amorphous to the crystalline state (i.e., like the diamond), 
a theory which I know is held by many Sheffield steel 
melters. How it originated Ido not know, or can only 
guess. It has, however, no foundation in fact. 

2. ‘*The percentage of carbon is neither increased nor 
decreased by oe. That a loss of carbon occurs is, 
I know, also a theory held by many, some of your corres- 
pondents amongst the number, but the evidence is clearly 
againstit. ‘The reheating, however, may reduce the car- 
bon, and poe | this may be the origin of the belief. 

3. ‘‘ The specific gravity of steel is less after hardening 
than before.’’ In proof of this I need go no further than 
Mr. Wrightson’s paper on “‘ Iron and Steel at High Tempe- 
ratures,’’ which appeared in your journal a few weeks ago, 
a paper which contains some valuable information on steel 
hardening. In his paper Mr. Wrightson shows that while 
in nearly all cases a contraction of the steel occurs when it 
is hardened, the specific gravity decreases, and he explains 
this contradictory fact by showing that this supposed con- 
traction is really a loss by ‘‘scaling,’’ a loss which he 
shows to be as high as 9 per cent. of the original weight. 

He did not, however, discontinue the use of the word 
* contraction,’ which I think was rather unfortunate. 
Now this loss by scaling is undoubtedly the source of the 
belief that steel contracts when hardened. Steel expands 
when hardened, but the loss by ‘‘ scaling’ may exceed the 
gain by that expansion. 

This fact of steel expanding when hardened is, I think, 
capable of giving us a good deal of information on the 
matter. 

If we accept the dynamical theory of heat it will perhaps 
assist us. According to this theory (and it is perhaps 
more than a theory now-a-days), when heated, the molecules 
of the steel are set into a state of movement or vibration, 
this movement increasing with the heat, and at the same 
time the steel is expanded by the heat, i.e., the specific 
gravity is d - Let it be suddenly cooled, now, 
and these vibrating molecules are arrested in their course, 
and are left in a state of tension. 

_If a proof is wanted that the molecules have not had 
time to get back to their original state, it might be found 
in the fact that the specific gravity is less than before, 
while the state of tension is inferred from the fact that the 
steel is more easily broken. Im fact, the difference be- 
tween the specific gravity of the hot, and of the hardened 
metal, might be considered a measure of the suddenness 
with which the molecules have been arrested. 

Cool the metal slowly, however, i.e., anneal it, and the 
molecules have time to close up and cling to each other, as 
is proved by the fact that the specific gravity is as high as 
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before, while the steel is no longer hard but tough, tough- 
ness being simply an expression of the energy with which 
the molecules cling together. 

Steel is, however, not the only metal or substance which 
alters its molecular condition on being suddenly cooled. 
Copper expands, although not so much as steel. It has 
not, however, the same effect on some alloys or metals, as 
in some cases it leaves the metal tough instead of hard ; 
but I dare say in such cases the material is exceedingly 
treacherous. We have an instance of this in toughened 
glass, which, as is well known, is produced by cooling glass 
in oil. 

In this case it is clearly proved that the molecules are in 
a state of tension, by the appearance which the material 

ives with polarised light, and by the well-known fact that 
however tough it may be, it is apt under very little provo- 
cation to fly into a thousand pieces. 

A committee inquiring into this matter would find it ex- 
ceedingly interesting, and would probably elucidate some 
valuable scientific truths, while from a technical point of 
view the subject is well worth studying. 

I am, Sir, yours, &c., 
Sheffield, December 8, 1879. CHEMICUS. 





To THE EDITOR OF ENGINEERING. 

S1r,—Permit to add my evidence to that of Mr. Wood- 
cock on the subject of the hardening of steel. 

I had previously come, from observation in chemical 
analysis, to the conclusion that the hardening of steel is 
entirely due to a metamorphic change of carbon. I have 
noticed that, in estimating carbon by the colour test, of 
two steels one would at first show much more floculent 
carbon than the other, or might even have a blackish 
colour, while on complete solution they would show pre- 
cisely the same percentage, showing that the condition of 
carbon is different in the original steels. Further, I have 
had cases where I had not dissolved the floculent carbon 
separated by nitric acid, either by nitric acid or hydrochloric 
acid, thus giving the appearance of a highly silicious steel, 
though both silicon and carbon were low. Again, I have 
often had graphitic carbon from steel; although I admit 
this might have been formed by some decomposition of 
carburetted hydrogen, I do not think this was the case. 
On the other hand, a friend of great experience has told 
me he has known steel which rolled excellently to contain 
absolutely no combined carbon. 

I have examined the graphitic, or rather amorphous, 
carbon from steel under the microscope, but I could not 
detect any regular crystalline form in any specimen. 

I cannot understand much of the remaining part of Mr. 
Woodcock’s letter. Quoting Sfrom paragraph 3, what is 
meant by ‘‘the hydrogen combines with the carbon, 
crystallisation resulting ?’’ I should expect a gas to be 
formed. How does Mr. Woodcock connect the hardness 
of the diamond and that of hardened steel? It is true that 
“the power of refracting light in both indicates the 
presence of a small portion of hydrogen.” Is not the dif- 
ference between hardening and chilling one of degree only, 
and could not steel be rae Noma in bisulphide of carbon ? 

Yours faithfully, 
Auex. G. Tucker, F.I.C., F.C.S. 

Rhymney Iron and Steel Works, Rhymney, 

December 8, 1879. 








DOUBLE LOADING ORDNANCE. 
To THE EDITOR OF ENGINEERING. 

Srz,—With your permission I would draw attention to 
the experiments of Sir William Palliser as given in a recent 
article under the above heading in the hope of eliciting 
further information relative thereto. 

The data supplied in the article referred to I think are too 
meagre and insufficient to enable a correct judgment to be 
formed as to the value of the experiments in proving or dis- 
proving the correctness of the decision which was arrived 
at by the committee as to the causes which led to the ex- 
plosion of the 38-ton gun on board the Thunderer. 

So far as Ican see there is no proof whatever to show 
that in the five experiments with double loading, that the 
forward charge was exploded at all, so that for aught that 
your readers can tell the amount of gun recoil may be due 
simply to the explosion of rear charge forcing out the two 
projectiles together with a single charge of powder. 

Again, even granting that the forward charge did explode, 
there is nothing to show that it was ignited in the manner 
suggested by the committee as that which they believe to 
have caused the explosion of the 38-ton gun. 

_ I may say that I think that according to the manner of 
ignition of the forward charge, as also to the time which 
may elapse between the ignition of the rear and forward 
charges, that the pressures generated at the location of the 
respective charges will be widely different, and would 
therefore suggest that these pressures should be noted 
together with the amount of gun recoil, both for single 
and double charges. It is to be hoped that the experiments 
will be continued, as the information derivable from such 
is invaluable to engineers in general and gun-makers in 


particular. 
Iam, Sir, yours respectfully 


> 
Glasgow. ALEX. TURNBULL. 





INDICATING STEAM ENGINES. 
, To THE Ep1IToR OF ENGINEERING. 

Srr,—In your issue of November 21 you published a 
letter and sketch from Mr. Johnston describing a method 
of giving motion to an indicator drum, also, in a note 
thereto, and referring to the arrangement you said: “ ‘The 
effective length of the lever on which the crosshead acts is 
continually varying, while the length of the arm which gives 
motion to the indicator cord remains constant, the effect 
being a distorted card.’’ Now I do not think this a correct 
conclusion, as it is this very variation which makes 





the arrangement fulfil the condition required of it, 
viz., that the velocity ratio of the piston and cord to 
indicator should be constant. Referring to the above- 
mentioned sketch, it is easily proved that the angular 
velocity of the [vibrating arm at any point of the stroke is 
directly as the velocity of the piston, and inversely as the 
length of the perpendicular let fall from the centre of motion 
of the arm upon the straight line described by the centre of 
the pin moving in slot ; but the length of this perpendicular 
is constant, therefore the angular velocity of thearm, and, 
consequently, the velocity of the cord to indicator varies 
as the piston’s velocity, which is the condition to be 
fulfilled by a correct motion. 

Mr. Turnbull last week pointed out that a correct 
movement would not be obtained by having the pin 
moving in a slot upon a bracket attached to the crosshead, 
unless the slot was curved ; but even with this alteration it 
would be impossible to get a correct movement, as the 
position of the pin in the slot would be the same for two 
positions of the arm equidistant from and on opposite sides 
of its vertical one. But in order that the condition re- 
quired might be fulfilled, it would be necessary that the 
positions of the pin corresponding to these positions of the 
arm, should be on opposite sides of those which the pin 
would occupy if it moved in a straight slot, and it is evident 
that this could not be if only one slot was employed. If, 
however, the curved slot be retained, and the arm so placed 
that its vibrations shall be always on the same side of its 
vertical position, it would be possible to get a correct move- 
ment of the cord, but that arrangement would entail an 
increased length of lever and slot. 

Kirkcaldy, December 3, 1879. J.H.H. 

[Our correspondent is in error in assuming that because 
the vertical distance between the centre of suspension 
of the vibrating lever and the straight line described by the 
pin in the crosshead is constant, that, therefore, ‘‘ the 
angular velocity of the arm, and, consequently, the velocity 
of the cord to indicator, varies as the piston’s velocity.” 
If he draws out the arrangement so as to exaggerate the 
error to which we referred—that is if he makes the vertical 
distance just mentioned small in proportion to the travel of 
= +5 ie will at once’see where he has made a mistake. 
—Ep. E. 





To THE EDITOR OF ENGINEERING. 

Str,—If the letters you have published on this subject 
have any meaning, it is that indicated diagrams are very 
often broken reeds to depend upon; and that the amazing 
results we sometimes hear of being based upon them, 
require to be received with caution. ‘Ihe subject is of such 
importance that I trust you will keep its discussion open 
to any hints we may receive that may assist us in limiting 
their errors. 

Professor Kennedy’s letter gives valuable information 
about some of the sources of error that can be estimated, but 
how about these that are continually varying often unsus- 

cted, and that cannot be allowed for. The chief of these 

believe is undoubtedly excessive piston friction, caused by 
dirty steam, scales of rust from the connexions, cement 
from the joints, &c., and he says truly it ‘‘ may be almost 
anything,’’ and the worst of it is that it is generally un- 
noticed. I am now trying one of Kenyon’s indicators in 
which a large Bourdon tube is substituted for the piston, 
cylinder, and spring, thus entirely eliminating this source 
of error. 

The pencil friction can be materially reduced by hee a 
moderately hard lead pencil in place of the ordinary metallic 
point. 

In indicating marine engines it is generally an easy 
matter to screw pins into the pump levers in such positions 
that a fair direct lead to the indicator can be obtained, and 
an accurate motion given to the paper drum, a method I 
adopted years ago. When the motion has to be obtained 
from the crosshead as in ordinary horizontal engines, I 
think the best method of working the vibrating lever is 
by means of a short link instead of a slot; if this lever is 
made of wood, a simple plan is to put wood screws in 
the proper places. The whole arrangement is thus easily 
and cheaply put together, gives accurate results, and works 
more steadily than with the slot. 

Yours faithfully, 
London, December 10, 1879. JAMES ATKINSON. 


ENGERT’S APPARATUS FOR THE IM- 
PROVEMENT OF SOUND. 
To THE EDITOR OF ENGINEERING. 

S1r,—The above invention gave rise to a truly valuable 
and scientific article in your excellent paper of the 21st 
ult. (which, however, has only lately come to hand), with 
which article I most perfectly agree, at the same time 
with your kind permission I should like to make a few 
remarks in jaddition. The concert at (Steinway Hall was 
an entire failure, not in its music by any means, but as a 
demonstration of my invention; in that matter I was the 
victim of circumstances and conditions too numerous to 
mention. Iam happy, however, to be able to state that 
my apparatus is now in the hands of several learned pro- 
fessors who have already expressed themselves very favour- 
ably on the same, and whose opinions, most likely, I shall 
be able to make known after Christmas, when, also, I ho) 
not only to prove that the returning sound wave can 
mastered, but also that the source of sound can be im- 
proved in volume and richness, not however at the expense 
of clearness. If an experiment could be made in a hall of 
most perfect acoustic properties, it would be found that 
there would be a marked difference if the hall-were sparsel 
or entirely full ; if the resonance were perfect when the ha ] 
was one-third full, it would suffer disadvantage when quite 
full, or vice versd as the case might be ; if this be admitted, 
that there is a nice congruity between the volume of sound 
and the conditions of a hall, it follows that a voice ma; 
have too great as wel] as too small a volume to suit suc 











hall, as was the case of Signor Foli, whose fine strong voice 
when increased by my apparatus, became too powerful for 
the room, and the return waves were exaggerated to the 
extent of confusion, which, however, was not uniform 
throngh the room, and on the platform not a) iable ; 
vo I ifferent was the case of Miss Davies ps 9 the instru- 
ments. 

The increased power as far as the i ect state of 
the LS cago would permit, was decid: favourable as 
stated by the artists ves. It is the return wave 
which for the most partis the source of mischief ; it appears 
to me that the readiest method would be to master and 
moderate this in the first instance, and then proceed to 
enrich and make full the source of sound, about which there 
could be nothing uncertain, which indeed is the function of 
my reverberating steel plates. 

After eighteen months’ endeavour steel plates are now to 
be obtained tremulously sensitive to the slightest sound 
wave, thatis, when they are perfectly free, except at the 
point of contact of the spring. 

If asound strike such plates from the front, sayat a dis- 
tance of 8 ft. or 10 ft., they will return the same in propor- 
tion to volume and distance. 

The influence is in a most marked manner increased 
when the wave gets between the plates. If ten sounds are 
given forth in a second then each wave must remain one- 
ee ae of a second between the plates; suppose a note 
is produced by 2000 vibrations a second, which the plates 
must accept, it follows that the sound wave is re 
200 times, each time means an accumulation and im- 
provement. It is an extraordinary fact that only the last 
of a series of notes gives forth an after sound; the 
reason I suppose is, that if one steel plate receive the notes 
in a second, it is bound to return them in the same time, 
which leaves no room for an after sound. 

All sounds are not equally improved by one and the same 
plate. The higher notes mean more rapid vibration, there- 
fore greater force, which will act upon and favour the 
thicker plates ; on the contrary, the lower notes not having 
the force, favour the thin plates. Any way experiment de- 
termines thatthe high notes hava a greater affinity for the 
thick, the lower for the thin plates. In conclusion I would 
beg to state that I am not a born Englishman, therefore ex- 
— some difficulty in expressing my views as clearly as 

would desire. 

I am, Sir, yours respectfully, 
A.C. Bveune. 


P.S.—The above apparatus may be viewed and tested at 
Neumeyer’s Concert Hall, Hart-street, Oxford-street, 
where it has been kindly permitted to place it in a saloon. 

London, December 8, 1879. 








THE TESSIE GAS PRODUCER.* 
By A. L. Hottry, C.E., LL.D., New York City. 

THOsE who are familiar with working gas furnaces will 
perhaps admit that the ordinary producer is the least 
satisfactory feature of the whole system, chiefly by reason 
of its great waste of fuel, both above and below the fire. 

The waste of fuel in cleaning the fire has not, as far 
as I am aware, been carefully measured; it has been 
roughly estimated at various works as averaging 20 to 25 
per cent. The coke that falls into the ashpit is largely 
mixed, if not stuck together with clinker ; when this coke 
is not recovered and utilised (and where coal is cheap it 
does not pay to recover it) the waste is certainly as high as 
above estimated. 

Cleaning a fire or a grate (especially a fire of dirty coal, 
like much of our western coal) by inserting a few temporary 
grate bars, then withdrawing the regular grate bars and 
letting the whole lower part of the fire tumble into the 
ashpit, must necessarily be wasteful of fuel, but it has been 
found to be the most practical system. The fire under a 
boiler should be thin, to insure perfect combustion ; hence 
it may be moved from one side to the other, so that the 
clinker and ashes may be uncovered and removed. But a 
producer fire should so thick that carbonic oxide onl 
shall rise from it ; a thick fire cannot be thus manipulated. 

In several of the French works the ordinary producer 
without grates is employed, the whole body of the fire rests 
on the floor of the ashpit. It did not seem to me that less fuel 
was wasted here than with grates in cleaning fires. The 
bottom layer of the fire had to be drawn out with hooks, 
and there was nothing to boo much coke from coming 

as 


away with the clinker an 
A producer, shaped like a —— furnace, has many ad- 
vantages, but if grates are employed, the waste of coke in 
cleaning is not lessened. But the waste at the bottom of 
the fire is only a part of the waste in the ordinary producer. 
Mr. Emmerton, chemist to the Joliet Iron and Steel Com- 
pany, has py bop a number of gas analyses from the 
pce Vom of that company, worked with impure Illinois 
coal and slack. The result shows an astonishing waste of 
fuel in the form of carbonic acid. Mr. Emmerton admits 
that his best results are about like the worst he has ob- 
tained from some foreign works, but his best are very bad, 
and I have little doubt that his averages are not v 
different from averages elsewhere with similar coal. 
quote some of them. Samples taken from the gas stack 
leading from four producers : ) 


Carbonic acid 9.06 10.07 7.89 9.29 

» oxide 14.32 11.89 16,32 13.55 
Sonaiey taken from different producers at different stages 

of the : 

Just Half- One End 

charged. hour. Hour. ¢ 

Carbonic acid 9.47 8.48 8.96 6.72 

» oxide 12.74 16.53 14.52 16.89 





* Read at the Pittsburgh Meeting of the American In- 
stitute of Mining Engineers. 
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With a strong wind ay under the producers : 
+ End. 


oo. hour. 
Carbonic acid ... 8. 10.86 7.11 
13.02 8.55 16.66 
* Samples taken from a producer with the damper open 
5in. Charged 8.5 a.m. : 
9am. 10 a.m. 11.30a.m. 1 P.M. 
Carbonic acid 7.11 6.33 11.24 10.27 
» oxide 15.65 16.60 7.61 9.04 


Mr. Emmerton ‘says the high carbonic acid in the 11.30 
sample was found to be due to a large hole in the fire from 
pe of stirring. That in the 1 p.m. sample was probably 
due tothe same cause. 

Samples taken from a “producer with the damper open 
only 4 in. charged at 8.40 a.m., and not charged again till 
1 p.m, : 


2. A very thick fire may be kept at the right tempera- 
ture by blast to reduce bf hn acid before it gets 


to the top of the bed of,fuel, so its reduction cannot be im- 
ed by fresh moist coal, as observed by Mr. Emmerton 
in the anenge | producer. 

3. Even with careless stirring it is difficult to suppose 
holes in a fire 4 ft. or 5 ft. deep, which will carry up carbonic 
acid ; neither can this gas run up the stepped ‘vals of the 
a. In short with reasonabl, attendance, it is 

ifficult to see how any carbonic acid can get through the 
fire. All the coal should, therefore, be made into com- 
bustible gas. 

4. When the Tessié system is used for making carbonic 
oxide and hydrogen to be carburetted by naphtha 
for illuminating purposes it has been found that much 
hydrogen can be  commog = thus displacing nitrogen. The 
production of hydrogen for metallurgical purposes is the 





they are still enabled to show a balance available for dis- 
tribution. The directors regret that during the past yeaT 
the output of work has been unusually small, notwithstand- 
ing which they consider it matter for congratulation that 
they have earned a sum sufficient to enable them to pro- 
= the declaration of a dividend to the shareholders. 

he directors have much pleasure in informing the share- 
holders that since the recent impetus given to the general 
trade of the country, this company has contracted to build 
three steamers, two of which are of steel, and that it has 
also been“favoured with a considerable accession of new 
work, bothjin the engine and boiler shops. The amount of 
repair work, considering the times, continues to be of a 
satisfactory character. The directors recommend the dis- 
tribution of a dividend at the rate of 2$ per cent. per 
annum, less income tax. This will absorb 52501., leaving 
a balance of 2591/1. 2s. 4d. to be carried to next year’s 


























































































9am. 1am. llam. 12m. subject of experiments now in progress. account. All the machinery and buildings in connexion 
Carbonicacid 6.53 7.74 6.62 6.14 5. Avery important advantage of the blast producer, | with the works have been efficiently maintained out of 
» oxide 16.42 14.54 14.82 15.16 in addition tothe regulation of combustion, is that the gas | revenue, and are in good working condition. The stock 
-Mr. Emmerton remarks: ‘‘ These results —— 
show plainly enough the advantage of running Fig.1. | Fig. 3. | | | | Fig 5 | | 
the producers as slowly as possible, and of ! = 
keeping the fires well poked. Iwassurprised = {| JA \ q F ae : mee 2 § J 7 oJ 
to dad r~ a lower . = end a —— = — < c a how y a oe 
c than at the beginning. It shows that en i Y 
the heat of a fire has more effect on carbonic Aw a \ Y 
acid than its depth, or at all events that the < iG | \G 
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walls, this gas will rise. If the fire were made 
very thick it would require blast, and blast 





would so increase the temperature as to make 





cleaning grates still more difficult and waste- 
ful than it is now. 

Besides the waste of coke and carbonic 
acid in the ordinary producer the work of 
cleaning the fires is extremely hard and hot ; 
it is, therefore, expensive if well done. 

The producer I lately found in extensive use 
and superseding all others at the works of De 
Wendel in Lorraine is called the Tessié 

me. Its leading features were devised 
by that eminent chemist and metallurgist, M. 
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essié du Motay, of Paris, although its other 
features are covered by other patents. In its 








early form it was like a small blast furnace 
with some 6 ft. diameter at the boshes and 
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18 ft. in height. 
The annexed engravings show the more im- 
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proved form now working some six months 
with excellent results. The principal dimen- 
sions are as follows : 


ft. in. 
Diameter of hearth ... - 43 
Depth of hearth “ 1 0 
Diameter of bosh eco 5 2 
am top nee peo eee - 5 10 
* internal ring ... 4 0 
Internal height aa a a on 8 0 
The chief iarity and improvement is in the arran; 
ment of the Cheon, which is a substitute for a grate. The 


hearth is cylindrical and has a brick bottom, in which there 
are four channels 7 in. deep and 6 in. wide. These channels 
extend through the lining and through the shell on both 
sides, thus forming four holes clear through the hearth, 
the top of the channels within the producer being open. A 
blast box with a pipe from a common belly pipe is p 
over each end of each channel, so that they all become 

tuyeres. When the blast box covers are removed from 
the two ends of a channel a bar may be run clear through 
the furnace clinkers and ashes may be readily removed 
from either end, and the superincumbent coke is held in by 
the edges of the tuyeres. : 

The established working practice and results with these 
producers I very lately received from Mr. De Wendel. 

The producer burns 220 Jb. per hour of a very inferior 
coal containing 20 to 30 per cent. of ash. The ordi 
producer burns from 150 lb. to 240 Ib. of good coal, accord- 
ing to size. The blast pressure is 2} in. of water; with 
very bituminous coals some steam is introduced with the 
blast. The internal ring or bell is kept full of coal, and 
what poking is required is readily done from the top and 
side holes. The fire is cleaned every two hours, once 
slightly occupying two minutes, then ew —. 
two men for six minutes. Thus the fire is always kept 
clean and hence uniform. 

The waste of coke in Gasing has not yet been definitely 
ascertained, but it is less than that in ordinary pro- 
ducers ; the working expenses are also about half. Nor 
has the actual waste of carbonic acid been ascertained. 
The bricks forming the channels at the bottom of the hearth 
last indefinitely ; no repairs have been as yet made to those 
at De Wendel’s. 

The obvious advantages of the Tessié producer are : 

1. Little fuel is wasted in cleaning the fire, chiefly because 
or and clinker on a straight out of — 
8 tu: openings without carrying any quantity o 
coke with them ; also because the fire being cleaned often 
there is no large coherence of coke and clinker. Cleaning 
the ordinary producer often would aggravate the waste, 
because a large amount of coke must fall every time the 
bars are removed. 
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may be driven down hill, or to any distance by the blast 
without the necessity of cooling tubes to condense and 
propel it. The producer may stand conveniently on the 
general floor, thus avoiding pits and water, and the gas 
may go hotter to the furnace. 

6. The capacity of a given space and cost of producers is 
thus largely increased. The ordinary producer must go 
slow, the blast producer may be urged without danger. 

The Tessié producer shown has about 80 per cent. of the 
internal capacity of the new Terrenoire square producer, 
but the amount of bad fuel burned in the Tessié is almost 
exactly the same as the amount of good fuel burned in the 
Terrenoire. The cupola-shaped producer is the more cheaply 
and durably built, in a wrought-iron shell or basket. 

The cupola producer may obviously be so set as to 
deliver hot to such furnaces as the Ponsard and Swindell, 
for which air only is regenerated. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
New Railways.—The Great Northern Company’s new 
railway, between Bradford and Halifax vid Great Horton, 
Queensbury, and Holmfield, has been opened for passenger 
traffic. By the construction of three-quarters of a mile of 
new line, cutting across the Worsborough Valley from 
Dovecliffe to Stairfoot, the Manchester, Sheffield, and 


Lincolnshire Railway bee Bm succeeded in tly 
improving the communication between Sheffield and 

ley. The necessity of going round by Wombwell is now 
avoided, and the advantages are self-evident. 


Scarborough Harbour.—In the harbour of Scarborough 
extensive improvements are being made, the whole of the 
outer harbour is now complete, the buoys are fixed and in 
use. With to the inner harbour the excavations 
are being steadily carried on, especially when the tides 
were favourable. About one-sixth of the whole of the 
inner harbour has already been excavated. The under- 
pinning of the east side of Vincent’s Pier is finished, and 
also on the west, with the exception of a few feet. The 
underpinning of the West Pier is commenced. With 

rd to the new concrete wall at the West Pier, a length 
to the sands level, of 


a 510 ft. is founded and brought up 
. The filling in at the 


this a length of 455 ft. is finish 
back of this is in progress. 
Earle’s Shipbuilding and Engineering Company 
(Limited). — The directors ,of this company—says the 
report which the shareholders have received—feel satisfied 
that notwithstanding the unprecedented t depression 
in trade which has continued throughout the current year, 
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has been taken under the superintendence of Mr. R. H. 
Radford, and valued at the cost prices of the day. With 
regard to the buildings and machinery, the Board have 
not thought it necessary to depart from the course which 
was pursued in the preceding year. The directors retiring 
by rotation are Sir John Brown and Mr. John Galloway, 
Jun., who are eligible for re-election. The nominal capital 
of the company is 300,0001, in 6000 shares of 501. each, of 
which 210,0001. is paid up. 


Engineering Trades.—Within the past month there has 
been additional activity amongst engineering firms in this 
district, and most of the houses are now employing their 
full complement of men. The orders which are in hand 
are principally for machinery used in the iron and steel mills, 
and also in the collieries. Railway springs and axles are 
also required in large quantities, and the spring makers 
are busy on them. Spring steel has risen 30s. per ton 
during the last month, and some of the converters have 
their furnaces fully employed in producing material for the 
rollers and fitters. We cannot hear of any improvement 
in the locomotive department, but as the leading Scotch 
opponents have their shops full through securing recent 
contracts, local houses. are in hopes that they will obtain 
some of the next contracts whieh come into the market. 
During the past four years, as is known, contracts have 
been taken by some firms with a loss of 2001. to 300/. on 
the building of each engine so that works might be em- 
ployed. It is now ho to obtain future work in this line 
on better conditions. The question of reducing wages of 
engineers is not now even mooted, and for the present in 
this district the trade may be regarded as generally much 
improved, and with a prospect of returning prosperity. 
At Sheffield engineering firms are for the most part busy, 
and better accounts are to hand of the state of trade. 
so far as this department is concerned, in Leeds and 
Wakefield. 


Coal and Iron Trades.— During the past week there has 
been an upward tendency in hematite pig, which is now 
<n at the works at 84s. 6d. Forge irons are, however, 

elivered at 43s. The iron mills of the district are full of 
orders, and running night and day, and prices of manu- 
factured iron are slowly tending upwards. The engineer- 
ing houses are very busy on repairs and new machinery 
for the steel and iron rollers. Coal has risen 1s. per ton 
during the week. 











New South Wates Coau.—The export of coal from 
Newcastle, New South Wales, for the five weeks ending 
August 29, amounted to 110,814 tons, of which 26,505 tons 
were exported to New South Welsh ports, 28,702 tons to 
Victoria, 6196 tons to South Australia, 783 tons to Queens- 
land, 19,605 tons to New Zealand, 3318 tons to Tasmania, 
11,810 tons to Indian and Eastern ports, 4542 tons to 
China and Japan, 3895 tons to San Francisco, 566 tons to 
the Mauritius, and 430 tons to Honolulu, 260 tons to Fiji, 
while 1158 tons were taken by steamers, and 3099 tons 
were raised for home consumption. 
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THE EXPLOSION OF A DYE KETTLE AT 
BRADFORD. 


We have been favoured by Mr. John Waugh, the chief 
engineer of the Yorkshire Boiler Insurance and Steam 
Users’ Company, Limited, with the subjoined report made 
by him upon the explosion of » dye Kettle at the dye works 
of Messrs. W. Grandage and Co., at Brown Royd, Brad- 
ford, an explosion which caused the death of one man and 
the injury of five other persons. The report is as follows: 


ort upon Explosion at Messrs. W. Grandage and Co.’s 
— Works, Brown Royd, Bradford, on the 19th of 
November, 1879.—Adjourned Inquest held November, 
28, 1879. 
To J.G. Hutchinson, Esq., Coroner, Bradford. 

Sir,—In accordance with your instructions, I have the 
honour to submit the following report upon the cause of the 
catastrophe at the works of Messrs. W. Grandage and Co., 
Brown Royd Dye Works, Bradford, on the 19th inst. 

In making the investigation, I have received from the 
members of the firm and their employés every assistance, 
and the information (attainable only from them) has been 
most willingly and promptly afforded. 


The exploded boiler, or rather kettle, was used for the f 


purpose of extracting dye from logwood, which was placed 
within the vessel and made steam-tight by means of a door 
similar in construction to that of a gas retort. The vessel 
was about half-filled with water through the manhole at 
the top, which was also made steam-tight. Steam was 


then turned in, being supplied from one of two ordinary to 
two-flue boilers, situated at some distance from the kettle, 
working at the time of the explosion to a pressure of 55 lb. 
on the square inch, the safety valves being set to blow off 
at 65 lb., there bry A - reducing valve upon the line of 
ettle. 


pipes supplying the 
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I have accompanied this report with a sketch showing 
the form, dimensions, and equipment of a kettle which is 
admitted to be similar in almost every respect to the one 
which has exploded, in order to make clear, what appears 
to me, the undoubted cause of the explosion. 

From the drawing you will see that the kettle was of cy- 
lindrical form, about 8ft. in diameter, having a vertical 
depth in the shell of 7 ft. 10in. The top was dished to the 
extent of 7}in., and the bottom 6§in., both outwards. 
About 1 ft. 5in. from the bottom, angle-irons were sec 
to the shell in sections, in order to carry the grids upon 
which the logwood was placed when charging the vessel. 
The steam pipe was continued to the underside of the 
grid, and within about 5in. of the bottom, terminating in 
a rose from which steam issued in order to boil the 
contents. , 7 

The eight plates comprising the shell were 7 in. thick 
originally, and are only reduced ,'; in. in thickness through 
exposure and wear and tear consequent upon ten years’ use. 
These are secured by single rivetting, 2in. pitch. The two 
mp = comprising the topare 7, in. thick, and rivetted together 

y single line of rivets 2 in. pitch ; secured to shell by inside 
angle-iron 3in. by 3in. by x4 in. The bottom is also com- 
posed of two plates x4, in. thick, rivetted together by single 
rivets 2in. pitch, and is secured to shell by outside angle- 
iron 3 in. - 3in. by ¥% in. 

The kettle had, I was glad to find, been supplied with 
more than the ordinary, but not more than necessary, 
amount of fittings—an open lever safety valve measuring 
2} in. in diameter, and a Bourdon pressure gauge, 
graduated up to 100 lb. The pressure gauge is so far 
damaged as to prevent any reliable test being made of its 
accuracy. Of thesafety valve I will speak hereafter. 

It is very common to assign as a cause of nineteen boiler 
explosions out of twenty, ‘‘ Shortness of water,’’ which, in 
other words, means that the attendant had neglected his 
duty ; but here is a boiler which has been totally wrecked 
by the rupture—killing one manand seriously maiming others 
—causing a considerable amount of damage to property, and 
which has taken a most unusual flight as altitude 
and distance ; subjected to no extraneous heat, being sup- 


plied with steam at a pressure not exceeding that to which ; 








the safety valve was loaded. In this case, at any rate 
- — of — — be the cause of the disaster. 

m an examination of the remaining fragments of the 
safety valve, I see no reason to suppose that it was in- 
operative at the time of the explosion. It is difficult, how- 
ever, to asce the exact pressure to which the valve 
could have been loaded, as the greater portion of the lever 
and weight have not been found. Taking, however, the 
blowing-off pressure to be about 30lb.,as stated (the safe 
valve on the sister kettle was weighted to 28 lb., and woul 
probably blow off at 29 lb.), such a pressure is not sufficient 
in itself to account for the explosion, unless there was some- 
thing in the construction of the kettle that contributed to 
its failure. 

I know that Messrs. Gran are most anxious to have 
the cause of the explosion fully explained, and that they 
are wishful to know if there be any weak points in the 
design ; not only for their own oak , but for that of 
dyers employing similarly constructed vessels. 

Turning then to the general design of the kettle, it 1s un- 
doubtedly faulty ; the top and bottom being only slightly 
dished and without stays of any kind whatever. No other 
form than that of “‘egg ended,” can compensate for this 
omission, indeed when there is any departure from this 
amiliar form of construction stays are an absolute neces- 
sity. I do not estimate that the slight dishing would give 
more than about 15 or 20 per cent. additional strength. 
The bottom and top of the kettle have been from the first 
day of wpe to work subjected to a strain beyond the 
margin of safety. When the kettle exploded the shell and 

p company with the bottom, for the most part 
through the inner edge of the line of rivets, but for some 
3 ft. or 4 ft. of the circumference through a distinct and 
continuous line of grooving, close to the edge of the 
bottom angle-iron, and caused undoubtedly by a constant 
bending of the plate whilst under pressure. 


Steam Puve 


Pressure Cauge 
Fig.2. 
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Since writing the above the sister kettle to the one ex- 
ee (shown in the drawing) has been subjected to a 
ursting pressure. At 38 lb. the — of the door gave way, 


the ordinary mode of securing the same not being sufficient 
to resist the pressure above that point. This was more 
firmly secured and the test resumed. At 43 1b. the strainin 


of the bottom was audible, and at 521b. there was a lou 
report, and the gauges returned to zero. On examination 
it was found that the shell had parted from the bottom 
through the line of rivets securing the bottom to the angle- 
iron of shell, the rupture being 3ft. 4in. in length. Thus 
we arrive at the actual bursting pressure. Now the safe 
working pressure should not pee F one-fourth of the actual 
bursting pressure, which would give 13lb. on the square 
inch as the safe working pressure. : mor 

The test also confirms or points strongly in the direction 
of the fact that the kettle not been subjected to a much 
higher — than that at which the safety valve was 
said to be loaded, viz., 30lb., for the carefully new made 
joint on the door, with the ordinary mode of securing the 
same, gave way at 38lb. Still I would strongly recommend 
the intervention of an efficient reducing valve, in all cases, 
between vessels communicating with each other, and sub- 
jected to varying pressures by reason of their capabilities 
of resistance. 

I have had ioe of plates from the shell and bottom of 











the exploded kettle tested, and the result shows the iron to 
be of very fair quality. The tests are as follows : 
Breaking 
Namber | Where —_ Ares. Weight se et 
of Test. | from. {or Across. in in tel Elongation. 
Shell — .716 20.94 5.5 
: a _ .750 21.60 6.25 
3 ” — .756 oy 4 
tto _ 437 Y d 
; —- 2 x 437 17.57 3.12 
6 “a = 500 16.96 2.08 
7 > x | -500 20.08 2.08 




















It is to be hoped that the result of this inquiry may tend 





to prevent the recurrence of such adisaster from the same 
cause—weak construction. I propose to forward to all the 
dyers in this district a copy of this report with that object 
in view. 
Iam, yours obediently, 
Joun Wavauz. 
November 28, 1879. 


The verdict found by the jury after hearing the above 
report and other evidence was as follows: ‘‘ That the death 
of the deceased has been caused through the explosion of a 
kettle at the works of Messrs. Grandage and Co., which ex- 
plosion‘has resulted from the gradual weakening of the kettle, 
ca by over-pressure. The jury do not attach any 
culpability to any party concerned, but they would strongly 
recommend that boilers of that description should be sub- 
_ to a periodical inspection by a competent person.’’ 

t is scarcely necessary to comment upon this verdict. 





BOILER INSPECTION vo. INSURANCE. 

In his last monthly report just issued, Mr. Lavington E. 
Fletcher, the chief engineer of the Manchester Steam 
Users’ Association, writes as follows respecting the recent 
boiler explosion at ifax—an explosion which we dealt 
with in an article in a recent number (vide page 342 ante). 
It will be seen that Mr. Fletcher’s eemnttutn Gealen i 
with the cost of ‘‘ thorough’’ inspections, and we shoul 
be glad to hear what the engineers of other boiler inspec- 
tion companies have to say as to this estimate of cost, as it 
has an important commercial bearing. Mr. Fletcher’s re- 
marks are as follows : 

‘** This explosion may well raise the question whether 
the — of the principle of joint stock insurance to 
steam boilers is correct. 

‘**The boiler in question, which had been insured since it 
was laid down in 1871, had not received an internal exami- 
nation for more than four years; and although the boiler 
was malconstructed from the beginning, and was 
itself to pieces little by little every day it was in work, ye 
the owners recived no warning of the dai and considered 
the boiler perfectly safe till it burst, killing one of the 
partners, the manager, and four of the workmen. __ 

‘* Every boiler should be examined internally and in the 
flues once every year, and it is very generally supposed 
that insurance companies will inspect boilers insured with 
them, in their own interest. But this idea is fallacious. 
A joint stock company is formed for the purpose of profit. 
and not for philanthropy, and it actually costs more to 
make competent inspections than it does to let boilers 
burst and pay compensation. A short calculation will 
make this clear. In the first place it is necessary to 
at the risk of explosion, and to do this we must see what 
is the number of boilers in the United Kingdom, and how 
many of these burst every year. It was stated before the 
Parliamentary Committee which sat in the year 1869-70 to 
investigate the causes of steam boiler explosions, that 
there were about 100,000 boilers in the United Kingdom, 
and this estimate was generally accepted, though some 
thought it too low, while the Association’s records show 
that 50 explosions occur year by year. Dividing the 
number of boilers therefore by the number of explosions, 
we find that one boiler in 2000 bursts every year, or that 
the risk of explosion is one for every boilers. If, 
therefore, an insurance com insure a boiler for 100/., 
as in the case of the one at , their risk will be one 
two-thousandth part of that 1001., which amounts exactly 
to one shilling; so that the net risk is only one shilling 
per cent. Now, to make ‘thorough’ examinations of boilers 
to prevent explosions is very expensive. The inspector has 
frequently to be sent many miles from the head office, thus 
incurring the expenditure of time as well as of money in 
travelling. On making his inspection he has to get inside 
the boiler and also to pass through the flues, examining the 
boiler in all its parts as well as the fittings. Further, he 
has to gauge the thickness of the lates, ascertain what 
alterations or repairs have been eff since the last visit, 
and if the boiler has been but just enrolled he has to take 
full particulars of its construction and accurate dimensions. 
On returning to — he has to make a complete 
sketch, giving the thicknesses of the plates, &c., while he 
has also to draw up a report on the condition of the boiler, 
faithfully pointing out all its defects. When this is done 
the whole has to be checked and considered by the chief 
engineer or his assistants, and the owner communicat 
with thereon ; this communication giving full information 
of the precise condition of the boiler, and making such re- 
commendations as may be found necessary. At the office 
of the Manchester Steam Users’ Association are filed care- 
fully pre drawings of all the boilers enrolled. These 
are at all times open to the inspection of the members, who 
frequently avail themselves of this opportunity when con- 
templating alteration to their boiler plant. It will be seen 
at once that such a work must be expensive. Including 
the inspector’s time and travelling expenses, as well asa 
fair charge for the services rendered by the chief engineer 
and his staff in the office, it.is calculated that every 
‘thorough’ examination costs on an av not less than 
20s. This is simply for the annual ‘ thorough’ 


and does not include the pee of the external examina- 
tions which it is necessary should be made when the boilers 
are at work, two or three timesa year. Thus the cost of 
insurance is only 1s., while the cost of an annual ‘ thorough’ 
examination is 20s. It is not necessary for this argument 
that these figures should be absolutely correct. If the 
number of boilers in the country be greater than 100,000, 
the risk of insurance will be less, while the cost of the 
annual ‘ thorough’ examination might be estimated by some 
as more than 20s., and by othersas less. It may, however, 
be taken as a broad principle that the cost of inspection 
very much exceeds the cost of insurance. “PAIN 
“To put the case another way. For every 2000 boilers 
in the country one explosion may be expected per annum. 
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If every one of these 2000 boilers is faithfully inspected to 
find out which is going to burst, 1/. must be expended on 
every boiler, or 1. on the whole ; but if the boilers are 
left to their fate and allowed to burst or not according to 
circumstances, only 1s. per boiler need be laid by for com- 
pensation, or 1001. on the whole number. If the boilers 
were insured for 2001., then 2s. would have to be laid 
by per boiler, but still it will be seen that the cost of 
compensation would be much less than the cost of in- 


n. 

** If insurance companies were to make a ‘ thorough’ ex- 
amination of every boiler per annum, it would seriously 
reduce their dividend, as will be seen from the following 

The company with whom the boiler under con- 
sideration was insured have stated on several occasions 
through their agents that they have about 22,000 boilers 
insured with them, while in their annual report for 1878 it 
is stated that during that year they only made 1215 internal 
examinations and 11,000 ‘ thorough’ examinations, so that 
in round numbers about half the boilers insured did not 
receive an ‘ internal’ or ‘thorough’ examination throughout 
the year. As, therefore, such examinations cost about 
20s. each, it will be seen that the saving to the company 
rs ‘thorough’ examinations was in round numbers 

ut 10,0001. Such an amount —_ a long way to pay a 
good dividend, and cannot be undervalued by a joint stock 
“ar working for profit. 

** Thus it will be seen that dividend pulls one way and 
inspection the other, and that the interest of the company 
and the interest of the public are by no means the same. 
The public safety requires inspection, the shareholders re- 
quire dividend. But inspection is dear, insurance is cheap, 
so that the temptation to the company is to stint inspection 
and lavish insurance. 

** Further, when an explosion occurs and compensation is 
made, the wrong party in too many cases gets the money. 
If the injury were only to the owner or his property, it 
would be right for him to receive the compensation ; but, 
as a rale, those who suffer personal injury are the outside 
public or the servants e in the works, and they are 
not included in the contract. Under these circumstances 
it would seem to admit of question whether the principle 
of insurance, as applied by joint stock companies to steam 
boilers, meets the requirements of the public safety. 

** The jury in their verdict on the Halifax explosion stated 
that ‘they were of opinion that some cient action 
should be taken by the Government to compel the various 
insurance companies who undertake the insurance of steam 
boilers to insist on a periodical inspection of all boilers 
and their fittings under their care.’ 

* The Manchester Steam Users’ Association has long con- 
sidered that Governmental interference for the prevention 
of steam boiler explosions is called for in the interest of 
the public safety. At the same time, however, the Asso- 
ciation is no advocate for Governmental inspection. It by 
no means recommends that the Government should take 
the inspection of boilers in its own hands. Such a course, 
if is thought, would interfere very much with the con- 
venience of the steam user, would be extremely distasteful 
to him, and raise considerablejoppsoition. The Association 
has always been opposed to a Governmental system of 
steam boiler inspection, and it is so still. 

** What the Association recommends is, that the Govern- 
ment should enact that every steam boiler in the country 
should be periodically inspected, and then that it should 
confide the inspection to voluntary inspecting associations, 
duly constituted, authorised, and registered, it being a 
fundamental principle that they should be founded not for 
profit but for the public on If the country were co- 
vered with a number of such voluntary inspecting associa- 
tions, it is thought that the object desired would be at- 
tained ; the present sacrifice of human life if not altogether 
prevented would be tly reduced, the steam user would 
receive valuable assistance in the ment of his 
boilers, and at the same time be pro’ from Govern- 
mental interference ; while, farther, the Government would 
not be called on for any funds, nor burdened with additional 
administrative duties. 

** Such a system has been in operation on the Continent 
for years. In Germany there are 26 voluntary boiler su- 

rvision associations, including about 14,000 boilers. 

ch of these associations issues an annual report of its 
working, and all unite in an annual conference. This 
system appears to be extending to France, Belgium, and 
Switzerland. All technical questions are left with the 
associations to decide; with such questions the Govern- 
ment does not interfere ; but it insists on every boiler being 
under inspection, leaving to the steam user the option of 
having his boiler inspected either by a voluntary associa- 
tion or by the Government officials. 

‘* These institutions are very similar to the Manchester 
Steam Users’ Association, and appear to have adopted it 
very much as their model. The earliest boiler supervision 

iation was founded in Alsace in 1866. It will be seen 
that steam boiler legislation on the Continent is in advance 
of that in this country. 

‘* The plan proposed, therefore, by the Manchester Steam 
Users’ Association is not without precedent, while its own 
working has stood the test of twenty-aive years, and proved 
most beneficial to its members in preventing explosions and 
promoting scientific progress. 

“If the Halifax explosion should succeed in arousing 
public opinion effect on this subject and in inducing 
the —— to take or, it — not have occurred in 
vain. It is, however, regretted that progress should 
bs bought so dearly, and that several lives should have 
to be sacrificed in order that others may be saved. Further 
delay will entail further loss of life. Every year between 
60 and 70 persons are killed and about 100 others injured 
from steam boiler explosions. Since the last deputation 
jg ae ae, La ~y ~ yy Ypey on 

ome oes persons have m ki and 234 
and if legislation is delayed for a similar 








others injured ; 


period a similar loss of life will occur. The Association 
thinks that life enough has been lost already, and it trusts 
that the Legislature will think so too.”’ 








HYDRAULIC COMPRESSORS FOR GUN 
CARRIAGES.* 
Description of the Compressors on the Krupp, Rendel, 
and Vavasseur Systems. 
(Concluded from page 397.) 

Hydraulic Compressor with Constant Orifices and 
Free Outflow.—We shall pursue the same method of cal- 
culation as that for the compressor with varying orifices. 

We have for the total resistance offered to the motion at 
any given instant : 

r=54* 
2gaa 

In this case a is a constant. 

Dividing both sides of equation (16) by M we have 


P.: Fe ae ‘ _dV 
“2 [5 Wa V2+g (sin. a +f cos. «|= 


or, again, 


V?2+W (sin. a+f cos. ~) (16) 











adv Vdv 
. =—(BV? + K)= —_-; 
dt ' +) da’ 
putting 
6 AY B, 
2Wa* 
and 
g (sin. x + fcos. a)=K, 
whence we obtain 
da=—_v SV. 
BV?+K 
Integrating between the limits V, and V, we have : 
1 BV,o?+K \# 
= log. e : 1 
" aig * (Gx (17) 


Replacing B and K by their values, we find for the law 
of variation of V with respect to the length of recoil 2 : 
v= 2 W a? 

6A* 


+ g(sin. a+fcos. &) 





4 A’ Vo? 
2W a?* 
6 A* wlog. & 


10 Wa? 
At the end of the recoil, 
e=l, and V=0. 


Substituting these two values of 2 and / in equation (17), 
we have, in order to find a, the equation, 
M 





— g(sin.@+fcos.a) | (18) 


N19 a? +1=0, (19) 
a? 
by writi 
6 A? V,? N 
2Wg(sin.a+fcos.a) ” 
for each particular case a can be found by the usual 
methods of solution of equations. 

Note.—It will be interesting to find the ratio of the 
initial pressures obtained with the two systems of com- 
pressor just considered ; since a cannot be found from equa- 
tion (19) in terms of the known values, let us try and ind 
a simpler expression by neglecting both the friction and the 
angle of the slide, that is supposing the whole energy of 
recoil is absorbed solely by the compressor. 

In this case we have 





ng 
§ A®Llog. § _ 
Ww 


f=0 a=0 
and equation (17) becomes 
2 W a? Vv, 
Seieeaere-7 AN cat 
. 6A ® log. ¢ - Vv (20) 
when 
vV=0 2=0; 


that is the recoil would continue ad infinitum on the ac- 
cepted hypothesis that the velocities of flow depend on the 
heights of fall. 

A hic construction of the above curve shows that it 
approaches rapidly the axis of #, to which it is an assymp- 
tote. 

Since we cannot write V=0 in equation (20), let us en- 
deavour to find an approximate value of a by assumin 
that when V=V,, the remaining energy may be neglected, 
and that the carriage comes to rest then z=/, and on re- 
placing a and 2 by their values in equation (20) we obtain 

at=8 A’ 1 log. g (21) 


. 

2 W log. ~° 

0g v, 

The resistance that the compressor offers to the motion 

at the commencement of recoil, is from the general equa- 
tion (4) : 


Vv 
WV6z? log. YS 
Pee Sela ll 





__ So eee (22) 
2ga* gl log. ¢ 
For the compressor with constant resistance we have : 
F,— Vo" 
— , 
2gl 
therefore 
cs) 
F, 2log. y - 
F ek ee log. Vo 
a ~~ log. vi 








* From the Revue d’ Artillerie. 


When ve=l0 then F'=4.6 


F 

{ 

Vo = Foss 

” Vv; ”? F, ad 

» Yoms ,, Poas 
vi F 


Therefore if all the energy of recoil is absorbed by the 
compressor, the maximum resistance of that with constant 
orifices is at least 4.6 times greater than that of the com- 
pressor with constant resistance. 

Equation (4) being general, we obtain for the two com- 
pressors at the commencement of motion : 


R= 3 A*V.? 
To ga* 
y,— 34? Vor 

29a? 


therefore 
(24) 

When the friction and incline of the slide are taken 
into account, we see that a increases more rapidly than a9 
therefore %° and consequently Fe diminishes. 

a 

With the usual values of « and f which obtain in practice 

we find that n varies from 2 to 3. 
2 
Hydraulic Compressor with Orifice closed by a Valve 


loaded with a Constant Weight.—In this compressor the 
internal pressure will remain throughout of necessity alike, 
and will be equal to that due to the weight = per unit of 
surface, with which the valve is loaded. 

We find this uniform pressure F' by putting the energy 


of recoil equal to the work of resistance of the brake, plus 
the friction and incline of the system, viz. : 


WYe-F 1-+W (sin. «+f cos. a)1 
whence , 
FI -w[ts — (sin. @ + f cos. a) ] (26) 


- (25) 


from which may be found - 


In order that the flow may fulfil these conditions, the 
area of the orifice must be sufficiently large, and at least 
equal to the value given by equation (4) : 

3 2 
a,2> 2 A* Vo? 
~ 29F 

The valve will then adjust itself automatically and contract 
the orifice as V diminishes. Usually the valve is leaded b 
a spring ; as the valve approaches its seat the spring exten 
and acts with less force; F will then no longer remain 
constant but diminish with the recoil according to the 
elasticity of the spring. 

Hydraulic Compressor with Orifice closed by a Valve 
loaded by a Varying Weight.—In this case and all others 
differing from those given, the method of calculation will 
be like that previously set out, replacing one of the unknowns 
F’, V, or @ by the law that it is desired to cause it to 
follow ; the value of the other two will be found from the 
formulz given for the laws of motion. 

Application of the Formule to the Woolwich 7 in. 
Carriage.—We will now apply the above formulz to the 
hydraulic buffer of the Woolwich 7-in. carriage. The 
particulars of the system are : 


Weight of gun... Pa 15,680 Ib. 
- y CAFViage =. ~~ 3,052 Ib. 
pr »» projectile (Palliser shell)... 114.63 Ib. 
me »» charge ws ead old 30.0 lb. P. 

Muzzle velocity : 1561 ft 

Angle of slide ... ove se 4 deg. 

Diameter of hydraulic cylinder 8.07 in. 

Mean length of recoil ove 5 ft. 6 in 


The maximum speed of recoil is given by equation (1). 


By putting B=1 we find 


Vo=12.06 ft. 
The area of the orifices is found from equation (19). By 
putting 
6=1, 
and 


sin. +f cos. a=0.26927 
we obtain «=4.6 square inch. 

In practice it has been necessary to have four holes each 
1.25in. in diameter, giving total area of 4.91 in., a value 
differing very little from that found by calculation. 

From this it may be inferred that the friction of the 
liquid against the sides of the orifices is very little; we 
have not, it is true, taken into account the influence of the 
air in the cylinder, and have taken, for want of proper 
experiments, a value of § probably too low ; it will, how- 
ever, be seen that the formule agree tolerably well with 
what practice has shown to be necessary. e have re- 
presented graphically the values deduced from formule 
(18) and (16) by the curves B F of Figs. 1 and 2, in which 
the abscissz show the recoils, and the ordinates the resist- 
ances to the motion and the velocities; the straight line 
B Fwd Fig. 3 will also give by its ordinates the area of the 
orifices. 

We may observe that in Fig. 1 the line EF parallel to 
the axis of 2 represents the resistance due to friction and 
incline of the slide, and, therefore, the ordinates of the 
curve B F with respect to E F give the total pressures inside 
the hydraulic cylinder. 

The uniform resistance due to the friction and incline= 
5050 lb., and the maximum pressure in the cylinder= 





lb. 
Inorder to facilitate the comparison of the Woolwich com- 
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ressor with those of constant resistance, we show on Figs. 

, 2, and 3 the curves obtained from equations (5), (12), and 
(14) ; in this case the constant pressure in the cylinder is 
2655 Ib., that is, the Woolwich compressor gives a maxi- 
mum pressure 2.28 times greater. 
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CuRVEs OF RESISTANCES. 











CURVE OF VELOCITIES. 


Fig. 3. 
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CurRvVE or AREAS OF ORIFICES. 


Toshow the influence of friction and of the angle of the 

slide, we have made the calculations afresh, and taking 
sin. a+f cos. <—0.1 instead of 0.26937, 

we find the resistance due to friction=1875 lb. The uni- 

form oo in the cylinder with constant resistance= 

5826 lb. The maximum pressure in the cylinder of the 

Woolwich buffer—18,233 lb., or 3.13 times greater. 

The Woolwich compressor therefore necessitates car- 
riages of too heavy a construction, and will not probably 
allow of very heavy charges being used, or of the recoils 
being reduced. 

Note.—All the formulz are given as starting from the 
moment when the carriage attains its maximum velocity of 
recoil, as we know nothing of its rate of motion up to this 
point ; the experiments at Gavre previously quoted have 
shown thatthe maximum s of recoil of the 24 centi- 
metre was not attained until the carriage had moved 
through a space of 7.87 in. It follows that for hydraulic 
compressors having the orifices open at starting, the pres- 
sures in the cylinder being proportional to the square of 
the velocity, will be at first nil, and will progressively 
increase as the velocity of recoil increases. The pressures, 
such as will be obtained in practice, will be therefore as 
shown by the curves of Fig. 4. 
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CURVES OF RESISTANCES. 


EB F forthe Woolwich compressor, EC D F for the 
compressor with varying orifices, supposing the latter not 
to be completely closed at the end of recoil, and that they 
follow the curve CD A' of Fig. 3; C' D' for the com- 
pressor with valve loaded with constant weight. These 
curves show plainly that the last one has the disadvantage 
of resisting the motion of the carriage at the commence- 
ment of recoil, and of abruptly stopping it at the end. 

The valves as previously mentioned are generally loaded 
by springs ; itis not — on account of the great 
variation which lapse of time causes in their elasticity to 
reckon on constant results following a certain pressure of 
the spring. To sum up, the Sdeeaiie compressor with 
varying orifices is that which will cause least strain to 
carriages, platforms, slides, and decks of ships. The com- 
pressor loaded with a varying weight may give theore- 
tically the same results, but its practical application seems 
“Ee difficult and complicated. ; 

© compressor with varying orifices may be so arranged 
that the resistance may vary according roy Soe desired law, 
the recoils will be practically constant, since at every round 
the circumstances will remain alike, the position of the 
regulating lever will, therefore, show the length of recoil 
that will sotained, supposing, of course, the cylinder 





It is evident that the resistance O E, due to friction and 
incline of slide, should be the least ible ; it will, there- 
fore, be preferable, when i , to mount the carriage 
permanently on rollers, which will give also the advantage 
of simplifying and facilitating the manceuvres. 

Hydraulic on of Various Systems. —The 
various systems 0’ Ly compressors are : 


1. With Constant Orifices. 
Free flow oon aS: “a ve Woolwich 
Flow through valve with constant f Krupp 
B= caer . sae Rendel 
ow through valve vary- 
ingwght .  . =f ae 
2. With Varying Orifices. 
Conical ... ose ‘ie red ats Woolwich 
Inclined bars ... Batter 
Circular valve... Vavasseur 


The Woolwich compressors with free flow, with conical 

rods, and with inclined bars, as also the Razkazoff com- 
ressor, having been already described in the Revue 
’ Artillerie, require no further mention. 

Krupp’s Hydraulic Compressor (See* Figs. 6 to 11).—In 
this brake the piston A is fixed, and the cylinder B recoils, the 
latter is connected to the carriage in the following manner : 
Its front cover C has two trunnions D, on which are the 
two links E, which are forked at their opposite end; the 
forked ends are connected by pins to the two vertical 
brackets F’ fixed to the bottom plate of the carriage. 

The fixed piston A is in two G and G', connected 
together longitudinally by the four boltsa. The rods H 
and H’, screwed into the centre of each of the parts G and 
G of the piston, pass out of the cylinder through agp 
boxes, and are fixed one to the front end of the slide an 
the other in a bearing at the rear, as shown in Fig. 8. 
The fore part of the piston is pierced with four orifices 
closed by valves I, fixed toa disc K by means of bolts b. 
This disc can move parallel to the axis of the cylinder in 
the hollow space between the two parts of the piston; be- 
tween the valves I the disc is pierced with holes c, corre- 
sponding to four similar holes d in the rear part G’ of the 
piston. The disc K is fixed ona rod M passing through 
the hollow rod H'. The piston has at each end a cupped 
leather packing f to keep it tight. The inner rod M bears 
at its rear end and through the piece N against a powerful 
spring O, the strength of which can be — by the 
two screws g. This spring forces the rod M, and with it 
the disc K forward, so that the valves I are kept well down 
on their seats. 

A lever P with boss forming a nut, allows of the rod M, 
the disc K, and valves I being drawn back against the re- 
sistance of the spring so as to set the orifices full open. 
The action of the compressor is thus: The lever P bein 
lowered all the parts are in the positions shown in Fig. 
when the gun is fired. 

As soon as the pressure at the fore side of the piston is 
sufficiently great to overcome the resistance of the spring 
O, the valves I are lifted, the recoil commences and the 
liquid ane from the front to the rear of the piston 
through the openings of the valves through the hollow 
ene in which is the disc, andthe holes c and d. When 
the pressure due to the recoil becomes too low, the valves 
close and the carriage is then stopped dead. 

The rods H and 
displace the same quantity of liquid, and the cylinder is 
quite full. The carriage is thus secured on the slide at the 
end of the recoil, and cannot be run out until the lever P 
is raised, thus lifting the valves from their seats, and 
allowing the liquid to flow from the rear to the front of the 
piston. This lever serves also to control the motion of the 
carriage, but if neglected to be put back into its proper 
position, the orifices would remain open a cause 
accident. To prevent this we believe that Herr Krupp has 
now a lever acting directly against the spring, so that 
as soon as it is let go it returns to its position automati- 


cally. 
Rendel’s Hydraulic Compressor (Figs. 12 to 17).—The 
iston is in this case solid, and fitted with leather ing. 
he hydraulic cylinder is fixed to the slide, and liquid 
passes from one side of the piston to the other by an out- 
side tube C, connecting the two ends of the cylinder. In the 

assage for the liquid at the rear is fitted a valve D, loaded 
c two springs E placed at the side of the slide acting upon 
the lever a. 

As soon as the gun is fired, the piston rod is driven to 
the rear by the carriage ; the liquid thus compressed soon 
attains the pressure necessary to raise the valve, and then 
flows through the tube C, which leads it to the front of the 
piston; but as the piston rod enters the cylinder, the 
quantity of liquid displaced by it escapes 4 lifting a second 
valve F loaded by a weight, and passes thence by the tube 
b into a tank G at the rear of the slide. The carriage 
is stopped in the same manner as by the Krupp compressor, 
when the pressure becomes too low. 

To ran the gun out the valve D is lifted by means of 
lever a; but as the piston rod is then passing out of the 
cylinder, a third valve H, connected by a tube c to the tank 
a, allows a certain quantity of liquid to re-enter the cy- 
linder to replace the volume of the rod. By working the 
lever a the running out can be controlled. The two com- 

ressors just described are both based on one principle, but 
differ in the application. As compressors for naval car- 
riages they have the disadvantage o abruptly stopping the 
carriage when the gunner drops the valve levers ; from this 
cause destructive blows may take place when in a heavy 
sea the carriage runs out violently; the en of the 
system is then considerable, — for the large 
calibres ; it would therefore be advisable to bring it up 
within a certain length. In the Rendel compressor there 
isa reservoir containing air and liquid; the air may get 

* [The engravings of Krupp’s, Rendel’s, and Vavasseur’s 
compressors here to, ap on the two- 
agrarins published with our number of October 24th last. 

iD. E.} 





’, being of the same diameter, they d 





mixed with the liquid, be carried into the hydraulic cy- 
linder, and produce a. 

Vavasseur’s Hydraulic Compressor (Figs. 1 to 5).— 
It consists of two cylinders B and B’ fixed to the slide 
goin the one to the rear the other to the front. It 
ollows with this arrangement, that with every motion of 
the carriage, one of the piston rods press out of one of the 
cylinders by a quantity equal to that with which the other 
enters, and the total internal volume does not alter. A 
tube C connects the two cylinders at their front ends, so 
that the liquid displaced the rod which enters flows 
through this tube into that cylinder of which the rod is 
passing out. 

The piston A of each cylinder (Figs. 4 and 5) is pierced 
by four holes a; on the end face of the piston moves 
a disc or circular valve D, having four elongated holes 
corresponding to the holes in the piston. The piston has 
four projections c which take in spiral grooves tormed in 
the cylinder ; during recoil the orifices grad close 
since the piston turns on its axis, whilst the valve D moves 

el to itself ; it is kept in this position by a square rod 
on which it slides ; the latter enters partially iato the 
piston rod F which is made hollow for this purpose, and is 
taken to the outside of the cylinder where it carries a 
moving against a graduated quadrant. The left-hand 
lever serves to control the motion of the carriage ; it carries 
a spring catch, which takes in a notch on the arc H 
and which secures it in the firi ition. A quadrant I 
shows the amount by which the holes are open both before 
and after recoil. On raising the catch, the lever may be 
a thus close the orifices more or less during run- 
out. 

_ Since with this system of compressor and vnder similar 
circumstances there is obtained at each round very nearly 
the same recoil, it is not necessary to alter the setting, 
except in exceptional cases. M. Vavasseur considering 
that it was a disadvantage to have to use, for controlling 
the running out, a lever which might be forgotten to be 
put back in the proper position before firing, now clamps 
the lating lever to the slide. There is in that case a 
valve fitted in the pipe connecting the two cylinders and 
serving solely to control the movement of the carriage in 
manceuyres. The pressure keeps the uring 
recoil, it closes again rmyed when the carriage is run 
out, so that should the latter be thrown violently forward 
by the ship’s rolling the energy of the system is absorbed 
automatically by the compressor without causing any 
blows. In this case the leather ore x on the pistons are 
unnecessary and are therefore not fitted. 

From what precedes, it seems clear that under present 
circumstances the hydraulic compressor alone appears 
adapted to fulfil all the conditions laid down, and it is, we 
think, destined to occupy a position more and more im- 
portant in the armaments of the future. 





FOREIGN AND COLONIAL NOTES. 

Scottish Australian Mining Company (Limited).—The 
directors of this company recently took advantage of the 
very low prices prevailing in the iron market to add to the 
company’s rolling stock fifty new steel coal wagons of the 
most improved construction, and also to send out a good 
eal of machinery and material, all of which they were 
able to purchase on very fayourble terms. 


American Blast Furnaces.—The number of blast fur- 
naces in blast in the United States, October 1, 1879, was 
337. This total was made up: as follows: Charcoal fur- 
naces, 97; anthracite coal furnaces, 128 ; bituminous coal 
furnaces, 112. The —a ag number of furnaces in 
blast, October 1, 1878, was 251. The number of furnaces 
out of blast October 1, 1879, was 347, as compared with 
454 October 1, 1878. 


French Railways.—In the course of last year 435 miles 
of new line were opened in France. The extent of line in 
operation was thus carried to 13,8393 miles; of this mile- 
age 5483% miles are double lines. Inthe course of this 

ear the French Legislature has authorised the construc- 
ion of new lines to the extent of 74764 miles ; and when all 
the French lines authori are carried out, the French 
will have somewhere about 25,000 miles of line in opera- 
tion. 


American 'Metallurgy. — Arrangements have latel 
been on foot to organise a new American iron and stee 
undertaking under the name of the Manchester Iron 
and Steel Company. The parties who are mainly inte- 
rested in this new company are those who were the 
principal bondholders in the Old Superior Iron Com- 
pany, and they will utilise the works of that company (with 
the exception of the rail mill which is already leased to Mr. 
A. Kloman), and will build a large extension. They pro- 
pose, in fact, going into the iron and steel business on an 
extensive scale. 


rere Stock in the United States.—An important aid 
to old and new railroad companies has been organised in 
New York, under the title of the ‘‘ Gilbert Car Trust Com- 
pany of New York,”’ with a capital of 3,000,000 dols., for 
the purpose of furnishing rolling stock upon a lease of the 
same to rai companies for a term of months or years, 
at stipulated quarterly pone ; while at the endjof a cer- 
_ time the title,to the property so leased will pass to the 
lessee. 


Germany and Austria.—It is said that a new commercial 
treaty between Germany and Austria, if carried out, will 
require the construction of several new railways con- 
necting the commercial centres of the two countries more 
closely. 

Fuel on the Great Western of Canada.—The cost of the 
fuel consumed in the “loco.” department of the Great 
Western Railway of Canada in the half-year gs By 
81, 1879, was 35,323/., as compared with 34,0731. in the 
half-year ending July 31, 1878, 34,8211. in the half-year 
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ending July 31, 1877, 40,5197. in the half-year ending 
July 31, 1876, 48,2061. in the half-year ending July 31, 
1875, and 52,3201. in the half-year ending July 31, 1874. 
More coal and less wood is now used than formerly. The 
aggregate distance run by engines in each of the six half 
years was :—January 31, 1879, 2,424,527 miles; January 
31, 1878, 2,555,580 miles; January 31, 1877, 2,258,716 


miles; Janu 81, 1876, 2,380,092 miles; January 31, 
1875, 2,403,357 miles; and January 31, 1874, 2,460,192 
miles. 


The Port of Fiwme.—The house of Bianchini has been 
entrusted with works at the port of Fiume, involving an 
gate outlay of 81,9001. It is hoped that these works 

will be completed in about two years. 


Rails on the German State Lines.—The German Minister 
of Commerce, who is introducing reforms into the manage- 
ment of the State railways, has decreed that steel rails are 
to be used exclusively upon them. 

French Steel Making.—The dividend of the St. Etienne 
Steel Works Company for 1878-9 has been fixed at 11. per 
share. The Firminy Steel Works Company has also de. 
clared a dividend of 11. 12s. per share for 1878-9. 

Vesuvius Railway.—A line of railway up Mount Vesuvius 
has been completed. The length of the line is 3000 ft. ; it 
follows a route which is considered to be sheltered from 
invasions of lava. 


Western Union — yy the close of 
the year, ending June 30, 1879, the Western Union Tele- 
graph Company had 82,987 miles of line, 211,566 miles of 
wire, and 8534 offices. At the close of the year ending 
June 30, 1869, the corresponding totals were 52,099 miles of 
line, 104,584 miles of wire, and 3607 offices. In the year 
ending June 30, 1879, the company forwarded 25,070,106 
messages, as compared with 7,934,933 messages in the year 
ending June 30, 1869. 

Victorian Railways.—The report of the Victorian Rail- 
way Department for 1878 has been presented to the Vic- 
torlan liament. The amount of indebtedness on railway 
account for moneys borrowed is 13,503,6931., with a total 
yearly charge for interest of 732,2171., equal to 51, 8s. per 
cent.per annum. The net revenue of 1878, after providing for 
all maintenance renewals of way, mnt a stations, 
rolling stock, &c., and all the sundry expenses of working 
and administration, amounted to 590,9761. This left 
141,2411. to be met by the consolidated revenue. The net 
revenue of the year was thus equal to 41. 7s. 6d. per cent. 
upon the total capital borrowed. The total cost of construc- 
tion, including the as moneys expended 
was, however, 15,343,2401.; and on this the net revenue 
paid 31, 17s. per cont. for 1878, The expenditure incurred 





during 1878 amounted to 780,255. The gross revenue 
earned by all lines during 1878 amounted to 1,216,675l., 
being 80,8761. in excess of that for 1877. The average dis- 
tance open for traffic during 1878, however, exceeded that 
of 1877, by 180 miles. The working expenses last year 
amounted to 625,6991. or 51.43 per cent. of the receipts. 


Vienna and Venice.—A direct railway from Vienna to 
Venice was opened for traffic October 30. The new route 
reduces the journey toone of sixteen hours. Formerly, it 
was one of twenty-four hours. 


Optical Telegraphy.—The French Minister of War has 
published regulations for organising optical telegraphy in 
time of peace. Several places on the French frontier are 
to be connected by posts, and apparatus are to be ma- 
neenvred by trained persons, who will make reports of com- 
munications sent or received. This new service is to be 
placed under the supervision of the Director of Aérial Com- 
munications, who already has command of the _ balloonists 
and colombophiles for carrier pigeons. 

The Population of the World.—The present population 
of the world is estimated as follows : Europe, 309,178,300 ; 
Asia, 824,548,590; Africa, 199,921,600; Australia and 
Polynesia, 4,748,600 ; and America, 85,519,800; making 
an aggregate of ] ,423,916,890. The comparative density of 
population to each square mile is as follows: Europe, 82; 
Asia, 48; Africa, 174; Australia and Polynesia, 14; and 
America, 5}; giving an average of 28. 


Spanish Ironstone.—Iron ore was exported as follows 
last year from Bilbao: England, 923,150 tons ; France, 
151,550 tons; Germany, 101,500 tons; Belgium, 62,250 
tons ; and the United States, 6250 tons; making an aggre- 
gate of 1,244,700 tons. 


American Bridge Building.—A report that a contract 
for a hundred bridges for Costa Rica, for a line from Punta 
Arenas to San José, and thence to Port Limon, has been 
awarded to Mr. C. C. Schneider, 52, Wall-street, New 
York, is incorrect. The facts are that Mr. Schneider has 
been awarded by the Government of Costa Rica a contract 
for only one span of 340ft. over the Barranca, on the line 
from Punta Arenas to San José. 


Steel Making in Pennsylvania.—aA project of some im- 
portance has been brought forward at Pittsburgh, viz., the 
organisation of a company to erect another Bessemer steel- 
making establishment in that city. It has been supposed 
that the patents n to the successful working of the 
Bessemer process in the United States were held by eleven 
Bessemer steel works now built. The Bessemer patent 
proper has expired, but it was believed that without other 
patents—especially the Holley bottom—it would be im- 
possible to produce Bessemer steel in successful compe- 





tition with established firms. ‘The promoters of the new 
Pittsburgh Company, however, seem to think differently, 
and as it is reported that the list includes such houses 
as Hussey, Howe, and Co.; Park Brothers and Co.; 
Singer, Nimick, and Co.; Miller, Metcalf, and Parkin; 
Mackintosh, Hemphill, and Co.; and Wm. Clarke ; it is 
at least to be presumed that o- are not going into the 
work blindly. ‘The new works will, for the present, make 
only blooms and billets, not making rails, and the entire 
production will be consumed in the works of the parties 
organising the new establishment. 


Salonica.—General Blum Pasha having completed a 
topographical survey of Salonica, preparatory to designing 
new fortifications for that city, has returned with his staff 
to Constantinople. 


American Torpedo Experiments.—Some torpedo ex- 
riments have been made by Captain Ericsson, at 
andy Hook, to determine whether gunpowder is a fit 
substitute for compressed air, which has hitherto been used 
for discharging and ros torpedoes from vessels 
below the water line. Captain Ericsson uses a projectile of 
uliar shape, which he fires from a gun provided with a 
inged cylindrical extension, the principal object of which 
is to sustain and direct the torpedo. The latter is 19 ft. 
long, pointed at both ends, and is proportioned to carry an 
explosive charge of 250 lb. at the head, the tail being pro- 
vided with a cast-iron armature to balance the weight of 
the charge and receive the concussion produced by the 
firing of the guns. A 15-in. gun used in the experiments 
was loaded with 8 lb. of powder in a flannel bag, supported 
by a conical piece of wood held by a slender iron rod in- 
serted in the bottom of the piston. This propelling piston 
is made of cast iron, and between it and the disc of the 
torpedo are discs of pasteboard which serve as a cushion. 
The experiments made at Sandy Hook showed that the 
oe is one which opens a wide field for submarine naval 
attacks. 


Elevated Railroads in Philadelphia.—A company has 
been formed for the purpose of building an elevated 
rai to ran from Chesnut Hill, Philadelphia, to the 
vicinity of the old Navy Yard, with a branch to Frankford. 


Canadian Pacific Railway.—Tenders have been invited 
for the construction of 120 miles of the British Columbia 
branch of the Canadian Pacific Railway between Yale and 
Kamloops. It appears from this that the Canadian Govern- 
ment has adopted the Burrard Inlet route. 

Moreton Bay.—The harbour-master has made a thorough 
survey of the channels leading into Moreton Bay, and has 
plotted the work on the same scale as the Admiralty 
survey. This survey shows that great changes have 
recently taken place in the approach to the harbour, 
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TREATMENT OF MEROURY IN NORTH 
CALIFORNIA. 
By T. Eaueston, Ph. D. 
(Continued from page 409.) 
CALIFORNIA WORKS, 

Tue California Quicksilver Works also use the 
Knox furnace. They treat their own ores, 
produce 26 flasks per week. The ore passes over & 
series of screens, and the large pieces are broken up 
by hand. The fine ore which is rich enough is made 
into adobes; one man makes nearly 900 a day. 
The poor fine ore is dressed by hand. Six 
men treat 10 tons in 24 hours, and reduce it to one- 
eighth of its former capacity. The dressed ore con- 
tains about 5 per cent. of cinnabar, but a considerable 

uantity is visible in the tailings, and it is very 
doubtful whether the concentrated ore pays for the 
labour expended upon it. The men are paid 40 dols. 
a month and board, 

The attempt was made here to treat the soot in 
the arched ent opposite the fireplace, but the 
gases of the furnace contain so much free oxygen at 
this point that the result was the formation of a 
large quantity of sulphate of mercury, and the 
attempt was abandoned. The works have been 
managed with so little care that the iron condensing 
chambers, after having been used only 18 months, 
had to be replaced. Long stalactites of acid sulphate 
of iron hung from them in every direction, and in 
many cases the walls had either been eaten entirely 
through, or were so thin that they could be broken 
with the finger. It is proposed to replace the last 
eight condensers by brick chambers 44 ft. high, 8 ft. 

. wide, and 10 ft. long, with three partitions. When 
the iron eondensers are in good repair, the soot is 
found from the third to the sixth; when they are 
out of repair it is found from the first to the third. 
The first six condensers are cleaned every week. 
Those beyond the sixth are cleaned once in three 
months. The amount of soot collected in the first 
six condensers is six barrels per week. About two 
cords of wood are burned in 24 hours. Brushwood 
cannot be had cheap here, and is consequently not 
used. Good oak wood costs 4.50 dols. per cord. 
There are five men in 24 hours about the furnace ; 
at night the engineer and fireman are the only 
workmen employed. In — ey furnace the 
engineer fills the wagon, while the furnace man 
draws the charge down. During the day there are 
besides, the superintendent of the work and one man 
making adobes. ‘The miners are required to deliver 
the ore broken and sorted at the furnace. The works 
have been running for 18 months without repairs, 
not having stopped more than three weeks durin 
the whole of ys pry wr any ae. wr the end 
that time they to undergo a thoroug! ir. 

The first Knox furnaces p hese Soot tabnsei 
35,000 dols. and 40,000 dols. They were built when 
wages were high, and labour was in great demand, 
and workmen difficult to get at any price. The 
furnaces built in 1873 and 1874 cost about 25,000 
dols. each, but as the prices of labour and materials 
diminish, they can be built for considerably less, 
In 1876 they cost. from 18,000 dols. to 20,000 dols., 
including the:royalty of 5000 dols, The first furnace 
built contained 170,000 bricks besides the stone. 
They are now built with 80,000 to 100,000. Nearly 
half the cost of construction is for ironwork. 

Below is a statement of the cost of treating the 
ore in the modified Idria and Knox furnaces at the 


Redington Mine. 

Cost per Ton of Reducing Ore in the Modified Idria Fur- 
naces, Nos. 1 and 2, at the ine, Napa Co., 
Cal., 1874, taking One Week’s Bun for both Furnaces. 

5} cords of wood at 5 dols. ia oo. 27.50 
36 days, furnace foreman and assistant... 86.00 
2 ,, urers charging furnace ... 38.60 
12 ” PP] 23.15 

8 » » working soot one 14.55 

8 99 oe ’ eee . 14.55 

9000 adobes at 5 dols. sw ne us. 45.00 
Total cost of 200 tons of orein twofar- 

naces ove pe oso abe «.- 249.85 

Average cost perton 1,25 


Cost per Ton of Reducing Ore in the Knox Furnace at the 


This cost was taken from the books for a furnace 
recently constructed. No account is taken of repairs 
during the time, as none were made. After a two 
years’ run it was found that counting the item of 
ir the total cost was 90 cents a ton. 
difference between 1.25 dols., which is the 


and | 00st of treatment in the modified Idria furnace, and 


0.90 dols. the cost of treatment in the Knox furnace, 
is sufficiently great not only to warrant the use of 
much poorer ore in the latter furnace, but to call 
seriously into discussion the question whether it is 
not worth while to abandon the old style of furnaces 
altogether, as they have done at the Redington Mine, 
as the result of this pummpesions, 

Below is given an estimate of the principal items 


of of building one Knox quicksilver furnace 
in October, 1874: 
Red brick + 50,000 to 75,000 
Firebrick dep eo te 12,000 
Stone for Foundation, Walls, &c. 
er 
1 cast-iron lintel... ar eo 3000 
a draw-door frame 650. 
1 set draw plates cast iron... ‘eg . ~ 8500 
18 cast-iron condensers, complete, each ... 6500 
1 firedoor and frame... oon ove wd 650 
1 flue chamber plate and door °° 1000 
6 braces ove - eee eee eee 3000 
1 blower-box ... sis 2500 
2 pots, &. ... eee ove 500 
1 set grate bars saws od 1200 
Cost. 
dols. 
1 blower aba ‘a ise ose eee 500 
Blower pipes ... ze ose one 50 
l retort and condenser... gee}. bee 500 
_ - of wooden flues, cost per running ‘ 
OO e+e eco eee eee eee eee 
lengine with pulleys and shafting 8 in. 


by 12 in. cylinders. 
2 boilers 12in. by Sin. 
35 — timbers 12in. by 12in. 21 ft. 
ong. 
60 roa iron rods 14 in. in diameter, 
23 ft. long, 10-in. washers on both ends. 
2 cars, railroad , &e. 

It takes six and eight masons, with their helpers, 
between two and three months to build one of these 
furnaces. The cost might be made less by making 
more than one-half of the condensers of wood. They 
might answer even nearer the furnace if there was a 
certainty of always having a large supply of water, 
so that they could be kept constantly wet. ite 


Cost of labour would be about... «» 5,000 
iling furnaces 3 and 4, Fig. 4, 
i eee «+ 60,000 
Below is given Knox and Osborn’s estimated cost 
of a quicksilver furnace, with a capacity of 75 tons, 
or to work 24 tons every 24 hours: 


Cast iron in furnaces, 17,000 Ib. at 
6 cents per pound... ... ‘ite 7 
Cast iron in condensers, 91,600 Ib. Kt 
Work, plening and fitting 1. 90. 
harging car 
patent suction 


1020.00 
5496.00 
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7461.00 


Eg 
a 
+ 
8 
eree 


aa 
ae 
fie 
g. Se 
gos 
E. ee 
q 


- 
Z 
EB 


B 


x 
= B: 


iB: : 
A ig 
: Bi 


eae | 
rid 
ER; 
28 
Pes 
3: F 


3S 

me 

3 
oe 


& wens £ OES 


8 3838 8 833 


g 
iE 
Eb: 


1884.00 
2000.00 


Labour, erecting furnace - ese 
800.00 


Boiler and engine, four horpe power vi 





12,145.00 

In this estimate nothing is: included for grading 
site, drayage t, bricks, sand, clay, rock, 
and timber to furnace; nor for the sheds to 
cover the structures, As different sized furnaces 
would require -abouf the same amount, as an 
approximation, we may say-that 3000 dols. would 
cover an extreme and 1500 dols. would suffice 





Redington » Purnaces Nos. 3 and i 
Week's Run of both Furnaces, wma tc 4 
42 days’ labour, engineer, fireman, soot- dols. 
man, &. |... os tee eco eid 81.06” 
17} cords of wood at 5 dols. ius «- 87.50 
1 gallon of oil for lamps ... 75 
1 gallon lard oil for engine 1.20 
Total cost of one week’srun ... «> 170.51 
Average cost per 7 for reducing 50 tons. 24,36 


for a very fay one, In a position where 


in the first cost is effected, and a greater caving in 
the current expenses of running. 
There are two sizes of this furnace, a half-size, or 


| 12-ton furnace, which easily treats 15 tons, and has, 


when crowded, worked 17 tons. 
The full size, or 24-ton furnace, crowded in the 
same way, will work 30 to 34 tons. : 


dols. ~ 
The cost of half-size furnace is about ... 9,000 
” The cost of three-quarter size furnace is 
about ae eee eve oe soe 14,000 
Both these sizes have been built, and they are 


giving ect satisfaction. 

The following is the estimated cost of running or 
operating the Knox furnace at the Manhattan Works 
per day of twenty-four hours when run by steam 
power : 


For on qverage ape tit 25 news, licords dols. 
wood (oak) 4.50 dols. cord ... a 5.63 
Two men on each watch of 12 hours, or 
four men 50 dols. a month and board, 
2.58dols.aday ... os ee soa? Qa 
Oil for light and engine eset cp ate .50 
Cost per day of reducing 24 tons of ore... 16.25 


Of the 1} cords used, one cord is estimated for 
the furnace, and one-quarter for the boiler. The 
richer the ores are in sulphur the less the fuel re- 


q 

One of the greatest difficulties in treating the ores 
of mercury is the fine ore. It is too rich to be 
thrown away, and it must be separated from the 
coarse ore so as not to clog the furnace. The only 
way to use it until recently has been to make it into 
adobes, which involve a certain amount of labour. 
They are liable to crumble and require a consider- 
able amount of foreign material to be mixed with 
them, which consequently reduces the percentage in 
the adobe, and necessitates a storage warehouse and 
a considerable supply, since they can generally only 
be made in te: summer — There has. a 
great amount of energy expended in seeking. to in- 
vent a furnace that woul. successfully treat this 
kind of ore, but most of the experiments have not 
given satisfactory results. 

A fine ore furnace designed and constructed by 
Mr. C. E. Livermore, of the Redington Mine, has 
worked successfully there and elsewhere. It is 
shown in Figs. 10 to 14 on page 464, and consists of 
a series of channels 30 ft. long, or longer if desirable, 
inclined at an angle of 50 deg., built upon the side 
of a hill, with a charging hopper at the top anda 
fireplace at the bottom. ese channels, Fig. 10, B, 
are built of firebrick, and in order to compel the ore 
2} in, by 4 ing Fign, 10 and 18, 1, cut roof-chaped, 

. by “ 12, I, cut roof- 
are placed so as to form shelves against which the 


ore and prevents its too rapid movement down 
ward. e firebricks are set 12 in. apart and 2 in. 
from thehi at the fireplace, the distance gradually 


meee etdestio aoe at 7: hopper. ee the roof 
are ns, Figs. 10 and 12, H, of square 
brick 4 in, in depth to deflect the flame tgalien the 
ore, instead of allowing it to follow the roof as:it 
naturally would. - These flame deflectors are placed in 
the intervals between the ore shelves, I. e exact 

ent of these. is seen in Fig. 12. 
The first furnace constructed had eleven of these ore 
channels, but as many as twenty have been built in 
one furnace, They are 19 in. ax ym =>. wide. 
The only limit to their number be the double 
length of a fireplace. After the ore has traversed the 
hearth, the | of which upon the length 


of the incline of the ‘it made 
on the hearth side a te fire sigslitt's cool 
before 


chamber L, . 10, where it being 
drawn out into the iron car, ‘This chamber 
connects by flues with the condensers, so that the 
vapours given oft by the ore will be carried to them. 
In the bottom of the furnace there are peep-holes, 
Figs. 11 and 12, K, for each ore chann2l; so that ite 
operation at that point can be watched and the con- 
dition of the ore distinctly seen, For the large 
furnaces the fireplaces are double, for the small ones 
ae Puke roe <a rnace the fire- 
place is ; . long, and 24in. | from 
the grate to the arch, ithe Erebeidge is 20in. high 
above the grate and 18in. from the roof. Between 
the and the roof there is a partition to scatter 
t _ The floor;of the karamgeste tp fi. Slharng 
is made thin in the large furnace, and an. 
arranged in case it may use it. This 





water for a four-horse power can be had, a saving 





under fire seems a doubtful improvement. It 
is not used in the sms ie nee a 
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LIVERMORE’S REVERBERATORY ROASTING FURNACE AT THE REDINGTON QUICKSILVER CO.’S WORKS, NAPA CO., CALIFORNIA. 





(For Description, see Page 463.) 


Fig .10. 
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HORIZONTAL NON-CONDENSING ENGINE AT THE SMITHFIELD CLUB SHOW. 


CONSTRUCTED BY MESSRS. RUSTON, PROCTOR, AND CO., ENGINEERS, LINCOLN. 


the roof of the furnace as non-conducting as possible 
it is covered with ashes. 

About half way of the incline of the furnace there 
is a dust chamber, Figs. 10 and 11, P, to catch all 
the fine ore which may be carried off from the cool- 
ing chamber, and connected with it a series of five 
brick condensers, Figs. 10 and 11, Q, 4 ft. wide, 
10 ft. 9 in. high, and 15 ft. long, connecting one 
with the other. These condensers are covered with 
iron pans, like the old Idria condensers, and are 
used for drying the ore. Following these are ten 
iron condensers, R, of the same size as those for 
the Knox furnace, and following them are five 
wooden condensers (which we shall illustrate next 
week) 8 ft, long and 6 ft. high at one end and 5 ft. at 
the other, and 6 ft. wide, made of red wood timber, 
and braced on the outside by timbers 4 in. by 6 in., 
against braces 4in. by 4in. on the inside. Of course 
no nails can be used here on account of the sul- 
phurous fumes ; from here the fumes discharge into 
a long brick flue W, leading to a wooden one X, 
which ends in a chimney Y. 

The ore from the mine is discharged over the 
screens formerly used for the modified Idria fur- 
nace, except that the lower screen is of wire with 
1} in. meshes, instead of .3 in., as formerly. The 
ore is made into three sizes; the large pieces are 
hand-picked and broken, and with the second size, 
which passes through the first screen, are charged 
into the Knox furnace. The third size, or the fine 
ore, goes to the fine ore furnace as it comes from the 
screens, It is charged by a hopper, which is 2 in. 
by 2 in, at the bottom, and which is kept from being 
stopped by a long iron rod, with which the bottom 
of the flue is constantly sounded. 

Such a furnace, with ten to twelve channels, will 





(For Description, see Page 466.) 


FIG.I. 


treat 174 to 21 tons of ore in 24 hours, or about 
12 tons per channel, The ame furnaces will reduce 
1 ton per hour or more according to the number of 
ore channels, At the Redington Mine each channel 
will treat 1? tons in 24 hours, each cubic foot of 
average ore weighing 115 lb, The ore here is con- 
siderably lighter than that of the Knox furnace, 
since it is previously dried. The amount of fuel for 
a ten and twelve-channel furnace will be 1} to 2 
cords of wood per 24 hours, After treatment, the 
ore which when charged weighed 115 lb., will not 
weigh over 55 lb. Six men in two shifts of 12 hours 
each, are required per furnace. A 11]-channel fine 
ore furnace will, if pushed, burn one car-load per 
hour, each car-load containing 15 cubic feet. 

A 12-channel furnace costs, completed, including 
the buildings, about 8000 dols. One furnace capable 
of treating 15 to 16 tons of ore in 24 hours has been 
put up at the Sunderland Mine. They use wrought- 
iron condensers, 18 in. in diameter, and produce the 
draught by means of a steam jet in the wooden flue, 

There are at the Redington Mine one 9-channel 
furnace, which is about to be made into a 11-channel, 
and one 11-channel, both of which were made out 
of the condensers of the modified Idria furnace, and 
have but one fire; and one 16 and one 20-channel 
furnace, both of which have under-fires. 

As is seen, these furnaces do away with the neces- 
sity of making adobes, and a considerable amount 
of the labour of picking the ore. They have worked 
for two years very successfully, and must be con- 
sidered as a real advance in the progress of the metal- 
lurgy of mercury. 

With regard to these systems of — it may 
be said that the apparent advantage of the retort 
system is its economy of installation; it does not 








appear that there is any gain in yield, and while the 
expenses for fuel and labour are necessarily a maxi- 
mum, the amount which can be treated at any given 
time must be considered as a minimum. ‘The cost 
of repair is also a maximum, as the iron of the 
retort is rapidly attacked by the sulphur of the 
ore, so that a large number of retorts must 
always be kept on hand, The danger of accident is 
also at a maximum, and there seems to be no good 
reason why such furnaces should not go out of use 
altogether. It is greatly to be regretted that the 
works which cite experiments that were made fifty 
years. ago, should still continue to unequivocally 
praise this method, which seems only applicable for 
the treatment of ores, when a new mine is being 
opened, in order to get some return before the per- 
manent furnaces are built. It does not seem even 
then to be always very desirable. 

The modified Idria furnace, though a great im- 
provement on its original, is a cumbersome struc- 
ture, costly both to build and to use, and though at 
the New Almaden Mine, where it is mostly used, 
they insist that it does its work well, it involves such 
an outlay of capital for its construction, while it 
does its work no better, that it will hardly find ad- 
vocates among modern metallurgists. 

Of the continuous shaft furnaces, the Knox has 
held its ground against a host of competitors for a 
number of 49 0 It may almost be said to have 
now no real competitor. With the constant im- 
provements rendered necessary by the low price of 
mercury, and suggested by experience, it is un- 
doubtedly the best furnace for large ore which is 
used. For fine ore the Livermore furnace has not 
only been successful, but is almost without a com- 
petitor. We may here remark that there is evi- 
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dently a limit beyond which the speed of the | 


blowers which are so teristic of California 
practice, cannot be “increased, For perfect 
condensation a very large surface is necessary, 
bat a certain amount of time is quite as in- 
dispensable to cool the volatilised material in order 
to have it condense. If, therefore, the condensing 
surface and the velocity are maxima, it is evident 
that there will be. a loss of mercury which will be 
exhausted out of the voudénsers by therapidity of the 
current... The-propér speed of the blower will vary 
at different times with the obstruction eased): 
ho oe of the air by the size of the ore, and 4 
kind of condensers used. It is evident that in a 
given furnace the ore may be charged so fime that it 
will pa&@k in such a way that no speed ofthe blower 
will draw the furnace gases through if, or, on the 
other hand; it may be so large that’only a few 
revolutiong per minute will be requitéd. There is 
evidently a mean between these twoextremes, which 
can only be determined by the nm in charge of 
the furnace, and it is evidently judgment and 
skill, which may or may not-havé been acquired by 
long experience, Which makes an inferior process 
give a good result in one place, and the want of it 
which makes a good process failin another. Such 
examples occur, not only in the metallurgy of 
mercury, but throughout the whole range of metal- 
lurgical industry. 
? (To be continued.) 





HORIZONTAL ENGINE. 

In the cougse of our notice of the Smithfield ‘Club 
Show last, week we mentioned a horizontal engine of a 
new pattern exhibited on that occasion by Messrs. Ruston, 
Proctor, and Co., of Lincoln. Of this engine we now 
give engravings on page 465. The engine as exhibited 
is non-condensing, but it is arranged for the attachment 
of a condenser, the air pump employed in this case being 
horizontal and its rod being coupled direct to the engine 
piston rod which is extended through the back cylinder 
cover. The engine has a 10 in. cylinder and 20 in. stroke, the 
eylinder being steam jacketted and fitted with an expan- 

slide (adjustable by hand) at the back of the main 


The form of the bed, which is of neat design, will at 
once be seen from our illustrations. The cylinder, it 
will be noticed, is bolted to.the bed by its front, end. 
The crosshead guides have large bearing surfaces. The 
crankshaft plummer-block (and also the wall bearing) 
is fitted with three-part brassges adjustable horizontally 
y a Couple of wedges, one on the cylinder side of the 
shaft, and one on the outer side, while vertical adjust- 
ment of the third brass is given by a wedge below this 
wedge, moving in an inclined plane so as to get the 
tightening bolt. (not shown in our engraving) into a con- 
venient position, The cap of the plummer-block is, of 
course, bolted hard down. 

The engine is controlled by a high-speed governor act- 
ing on an equilibrium valve, this valve being also 
arranged so as to form the stop valve. Thus turning the 
small hand-wheel has the effect of altering, by a screw 
adjustment, the length of the rod connecting the 
governor with the equilibrium valve, and if the wheel 
is turned in such a direction as to lengthen this rod, the 
action is just the same as if the governor rose, the valve 
being closed. The arrangement is a very neat one. The 
eccentric straps are of cast iron, and the valve spindle 
guides are square, and have large surfaces. In conclusion 
we must add that the engine exhibited at the Smithfield 
Club Show last week was an excellent specimen of work- 
manship. 





THE SPEED OF STEAM VESSELS. 

On the Law of the Power required for different Speeds of 
the same Steam Vessel; illustrated, within the Limits 
of Experience, by a Linear Scale of their Relation.* 

By Rosert Manss8L, Glasgow. 
(Concluded from page 430.) 

In the next place, the effect of differences of draught and 
trim can be more conclusively illustrated by the experi- 
mental results derived from the sister vessels South Aus- 
tralian and Victorian, built by Messrs, D. and W. Hender- 
son, Glasgow. The first of these vessels gave results 





The sister ship Victorian, . ly alike in every con- 
piguctinn dete, tied 2 He wey dome = Ce 9 tyr el 
in. greater mean draught, from 
Sorter 30 tons nei dead weight on board, showed resalts 
which can only agree with the formula, 
E=3.63 V log. ~! .1047 V. 


In this case six different speeds were actually tried, with 
the following results : 

8.8. Victorian. 

Trial speeds oan neat la1.48 12.28 

Power by for- IN 

mula ... «--| 331 

wer by. trial 

iY 8 --»| B31) 465 658 





| | 4 
13.08 | 13.36 |N. miles 














465 | 663 | 861 1112 | 1215 I. horses. 





861 | 1045 | 1200 Do. 











3 CB ... 0) 0 +5 


—_ a — SSN 6c Bee See 


The examination of the related revolution and pressure 
equation’ points to the large difference in the fifth speed to 
arise from some mistake as to the diagrams for this run, 
otherwise the ment is remarkable, and it is difficalt to 
see why a t alteration of draught and trim should 
exercise so gréat an influence on these constants. In the 
letter to The Bngineer, May 31, 1878, some of the circum- 
stances have been more fully discussed, and it is shown, 
by an examination of the law of the revolutions, that, in 

ese cases of so marked contrasts, we have distinct indica- 
tions of a difference in amount : 
movement in the water in which the propeller is acting. 

his seems to corroborate the views of some authorities as 


0 | +67/ +15 Do, 
t 


T 
to the small amount of movement required to explain the | these 


phenomena of screw ion, inasmuch as a slight 
change in these indaced currents would explain the marked 
differences in results, and bean obvious consequence of the 
perfect equivalence and convertibility of pressure and 
velocity in the parts of a fluid in movement and to which 

in recent years, some degree of novelty has been conferred 
by an extension of the filét or filament illustration of 
Dubuatand Poncelet into the doctrine of ‘“‘ stream lines.’’ 
As another illustration of these changes in the same vessel, 
we may refer to a case lately noticed in the Transactions of 
the Institution of Engineers and Shipbuilders. The small 
twin screw vessel Houssa, built essrs. S » Lint- 
house, Glasgow, when tried ata light draught gave results 
corresponding to the formula : 


E=6.055 V log. ~ *. 0796 V. 





Trial speeds «| 5.93 | 7.75 | 8.93 | 10,56| Nautical miles, 








Power by formula} 107 | 194 | 278 | 443 |Indicated horses. 





By trial diagrams] 110 | 196 | 271 | 447 Do. 
Differences ...) —~3 | —2 +7 | —4 Do. 














But png 75 tons — weight be | _ on beens, 
in i er draught by 7in. mean, terating the 
trim 20 that the propeller was 2ft. more immersed, then 
ENGINEERING, show that the equation altered into, 

E=3.62 V log. ~1 .098 V. 





| | 
- 7.11 | 9.88 | 10.69 Nautical miles, 


128 | 332 | 432 [Indicated horses, 


Trial speeds. .. 
Power by formula ,., 
By trial diagrams... ...| 182 | 323 | 480 Do. 














Differences | —4] +9] 42 Do. 
| 





a result sufficiently close to indicate a definite change of 
constants. In the next place in regard to the chan 
which may arise from alteration of the propeller; when 
draught, trim, and other circumstances remain the same, 
no better illustration could be given than the very complete 
sets of experiments on H.M.S. Iris, as reported in Mr. 
Wright's paper read before the Institution of Naval Archi- 
tects in London last spring. In this lined and full- 
powered iron twin-screw vessel, four sets of experiments were 
made with definite alterations of propeller in each set, but 
other circumstances as nearly alike as practicable, and if 
we denote these by a distinguishing suffix 1, 2, &c., 
the power relation in these cases can be shown to be 
very approximately, and most probably, expressed by the 
formulas : 























corresponding to the formula, 1 log. ~* 0725 V. 
: B=8.605 V log. ~ .075v V, « = 17.60 V log. .0733 V 
a R on — hey + uns powers observed by Mr. The indicated horse power necessary for the different trial 
RP ee mms oom speeds by these formulas, cont with the power by 
8.8. South Australian. trial diagrams, as given in Mr. Wright’s paper, are as 
j follows : 
Trial speeds | 10.99} 11.72] 12.46 13.20 Nautica miles. Tris.—I. 
noe na 7: Rye cae! Lond Goold poke lt speeds ...| @29 | 12,06 | 15.12 |16.58 [Nautical miles. 
ire ages is me. ams De. Power by formula | 756 | 2834 | 5251 | 7608 |Indicated horses, 
Differences... 0 0 0 +4 | Do. By trial diagrams | 755 | 2560 5251 |-7503 Do. 
Differences...) +1 226 | 0 [+806 Do. 


* Paper read before Section G of the British Association 
at Sheflield. 








a 


the trial data, Piokehed by Mr. George W. Jaffrey in | a very slig 























Iris.—Il. 
Trial speeds él 7.95 1158| 14.52 | 15.73 | Nautical miles. 
Power by formula | 616 | 1628 | 3306 | 4368 Indicated horses. 
By trial diagrams | 571 | 1637 | 3306 | 4368 | Do. 
Differences 1+ 4|/—9| 0 o| Do. 
Tris.—ITI. 
Trial spee¢s ...| 7. 9| 12.28) 16.56! 18.57 Nautical miles. 
Power by formula | 587 | 1850 | 5100 | 7996 | Indicated horses. 
By trial diagrams | 606 | 1833 | 5108 | 7714 Do. 
fee: _-aeeay Ween Sescac Pouand: ated 
Differences .. | - 19 i+ tt} — 8 | +282 | Do. 
| 
Tris.—IV. 
Trial speeds 8.32| 12.48| 15.75 | 18.59 | Nautical miles. 
Power by formula | 596 | 1805 | 3957 | 7543 |[ndicated horses. 
By trial diagrams | 596 | 1765 | 3958 | 7556 Do. 
Differences 0} +a}—1 = 13 Do. 








~ Cont Se Sener exnimples, the fo: ing res ; -" 
cons antinniivaliann le differences, and it is i alla 
examine them narrowly if we wish to discover the origin of 





As a preliminary step, referring to equation (3), page 430 
ante, it will be seen; since log. © = log. 6+ V, it follows by 
the elementary principles of co-ordinate geometry, if the 
values of the logarithms of the ratio ee for different values 


of V, be drawn as ordinates to the values of V, taken as 
abscissa, they will all range in a straight line of which the 
ordinate at the origin is the value of log. b, and the natural 
tangent of the angle of its inclination to the axis the small 
quantity whhic we have denoted by a. 

In Fig. 2 on the opposite page, these lines have been 
laid down according to the values of a and 4, as alread 
given for the Iris and for the Merkara; and, ‘althongh 
on a small scale, it will be evident that the observa- 
tion values, denoted by the centres of the black spots, 
most ly confirm the truth of the last proposition. 
At the lowest speeds, in each set, we have-some small dif- 
ferences ; sometimes positive and then negative, showing 
they are accidental and either consist of drift residues or 
mere errors of observation. There is one notable exception, 
of Iris I., which is-also readily seen 

curves have been drawn 
of exhibiting 


ight amount, the agreement in the higher part of 

practically perfect. The second 
speed of the first set is, however, in hopeless disagreement 
with the others, and, on a first glance, it looks as if a 
clerical error had substituted 2560 instead of 2360 ; for if 
we take this latter number, or 2334, as given by the 
formula, on drawing a dotted curve through it, and the 
adjacent spots of its set, we have a fair curve agreeing in 
its character with all the others, whereas, as drawn in 
full, it is obviously unfair, and carried out to lower 
speeds would indicate physically absurd, and inadmissable 
results. ‘There still remains the sensible though, com- 
paratively to the whole power, not excessive differences 
with the highest powers of I.and III. These are indica- 
tions of some new circumstances coming into play in virtue 
of which the powers required for these and higher speeds 
would be less than according to the law which has held 
good up to these speeds, and we find the observations spots 
in Figs. 2 and 3 falling below the formula values. 

This is an in ing and probably most valuable sub- 
ject of inquiry, one which in some special cases did not 
escape tn eheervetion of Mr, Scott Russell nigh forty 
years . In most cases, whether due to an improperly- 
aed vessel thes a or a pally oieeme 
when comparatively grea wer is 
engine, the power at the a speed is usually grea’ 
than would tyson te by law found valid for lower 
speeds. In some cases this discrepancy rises to something 
enormous, and in most is so marked that it has been ac- 
cepted as a matter of course that it must be so. 

These Iris trials will prove of great value, and taken in 
connexion with other known facts, may lead to a re- 
i of those 

>i @ power 
ratios, as oie. 2, instead of rising above the normal line 
A ee ae Fy ep etme gr rg 
falling below it ! e are , however, verging on limi 
_ within which 02 See ees 
paper, we therefore proceed to consider the question 
the comparative values of the quantity 5 in the same or 
different vessels. 


At page 430 ante we have assumed b= 7, when M, 
the immerged midship area was taken as a comparative 
measure of oe wee E dimensions, or hull factor of the 
resistance, and C a coefficient or comparative measure of the 





efficiency of the whole vessel, machinery, and circum- 
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stances. Now it will be seen, if by adopting a more appro- 
priate form for the speed factor we have removed: or di- 
minished the anomalies due to this factor, we might still 
use M and C, in precisely the same manner as before, and 
with a much more effective result. 

In former papers (British Association, 1876, &c.) it has 
been stated: On adopting Poncelet’s hypothesis as to the 
analogy between the resistance to motion of a vessel and 
the resistance to the flow of water through a corresponding 
peculiarly-shaped channel or pipe, a better approximate 
form for the dimensions factor is the quantity L / M in- 
stead of M simply 5 but, farther, to meet a correction 
necessitated by the known fact, that when uninfluenced by 
restricted depth of water, small vessels experience greater 
proportional resistance than larger ones, as also corrobo- 
rated by D’Arcy’s experiments on the flow of water, in 
which he has shown that the diameter of the pipe is an 
element of the resistance—it was proposed as an empirical 


wali 





opposite the immerged mid area as figured on the special 
scale at the other end ; the distance between 6 and this last 
mark is the logarithm of the value of C, which may be read 
off on the upper or logarithmic scale. 

To illustrate the foregoing, let us take a few vessels in 
which we have the same value, a=.098, and L and M as 











follows : 
Vessels in which a=.089 
Mid Log. | Value 
Name. | Propeller. | Length. Area. |(LY ED}. | C. 

H.M.8. Warrior | Screw | 380 | 1219 | 9.6075 | 271.0 
Ban-Righ ae se 239 346 3.1920 | 308.0 
Paris... wes Paddle 219 171 3.0248 285.7 
Houssa ,,, Twin screw| 192 164 2.9669 256.0 





The variation of the coefficient C in these vessels within 
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correction which gave a practical approximation of easy 
application, to take the seven-eighth power of this quan- 
tity instead of its full value, and hence for vessels havin 
the usual forms concurred in by practical men, we shoul 


have, 
Lv Mi 
C , 
and equation (3) might be written 
log. E=j log. (L “M)+log. V+a V log. C. 


Hence, experimental data for a given vessel having fur- 
nished the value of a and C, we have the constants neces- 
sary for forming the special equation of this vessel, and 
the valne of C is the comparative measure of its efficien 
when compared with the like coefficient in another vessel, 
= value of a in both ae 8 the ong = Ste value “i ir 
at once, very approximately, an ou spepial cula- 
tion, be ddbickined by using the ‘Lineal Scale’ (see 
Fig. 1, page 468) in comshagtion with the second or special 
scale at the bottom of the paper. 

Having the paper slip with which the a line has been 


b= 





determined, with the b point marked thereon ; place its end 
upon the i 
extending t 


h of vessel on the lower or special scale, and 
paper along the scale, put another mark 








limits of experiment, are only about 20 per cent. of the 
value of the least; on the contrary, the coefficient calcu- 
lated by the formula Mx will be found to give valnes 
ranging between 825 and 400, or 106 per cent. of the least. 

In the next place, to compare coefficients where there 
are different whens of a, say, for example, as given in the 
following Table : 


Vessels in which a has Different Values. 











whe 
Name. Val | | Mia ila Value 
id Propeller. .. Length. | area. § 2 o. 
HMS.Shah ...._ Screw | .0796| 320 | 986 |8.5196|147.1 
H.M.8. Iris IL....|\Twin screw .0713| 300 706 |3,4122/ 123.0 
HHS. Iris IV. * '0733' 300 | 700 |3.4122/146.8 
Merkara 0735 368 | 525 |3.4868| 161.4 


de | Screw 





The values of C in this latter Table are not comparable 
= vy Rapin Ba with those of | 3 pone ot Table, but 

can be com for any particular s yy assuming 
@ the same in both, and adding or subtracting the product 





4 
20 NAUTICAL 
MILES 


Bae speed,-the difference of a, to the logarithm of C given 
above. 
Values of C in Foregoing Vessels, supposing a=.098. 








_— At 12 Knots.| At 16 Knots, At 18 59 Knots. 
H.M.S. Shah 244.6 289.7 
H.M.S. [ris IT 257.3 329.0 
H.M.S, Iris IV, .. eee 290.5 364.7 422.6 
Merkara.,, eee oes 317.6 








1t will thus be seen, where there is a low value of a, the 
efficiency rises very rapidly with the speed, and when the 
vessel is, as a whole, adapted for, and driven at, a high 
speed (example Iris IV. at 18.59 knots), the comparative 
efficiency is thus properly and truly very high, and exactly 
the reverse of the deduction made from the usually accepted 
notions on the subject. 
Thus, from the foregoing, it is seen from the set of ex- 
periments Iris IV , it is deduced at 18.59, 16 and 12 knots 
ively, the comparative efficiencies are on the numbers 
422.6, 364.7, and 290.5 respectviely ; and referring to Mr. 
Wrigh ft gre on these trials it will be found he has given 
for ti » at the speeds 18.59, 15.75, and 12.48 knots ; the 


values of the coefficients + ; 594.9, 690.5, and 770 re- 


spectively ; also, the displacement coefficients, 180.0, 218.2, 
and 243.3 respectively. Evidently any deduction as to 
efficiency from either of these latter sets of figures must be 
quite illusory, for a glance at the curves drawn on Fig. 3, 
or the more directly comparable lines drawn on Fig. 2 
show that the implied inferiority at high speeds has no 
existence in fact. 


Norz A. 
It will be useful to indicate the discussion of this im- 
portant matter, as follows : 


Observation Data of 8.8. Melrose, May 12, 1877. 



































Number of 
Time of |Time onthe) Apparent | Indicated 
gg Beginning. Mile. Speed. Power. 
hours. minutes, miles, horses. 
f 1, with 12.17 7.62 7.88 189.1 
2, against 12.50 8.50 7.06 206.8 
3, with 1.25 6.37 9.42 304.4 
} 4, against 1.58 7.87 7.63 305.9 
f 5, with 1,92 5.75 10.43 448.7 
6, against 2.25 6.87 8.74 470.2 
7, with 3.09 5.48 10,94 572.8 
8, against 3.42 6.27 9.57 567.1 
In the first place, the run against the drift, in the first 


and third pair, is made with the engines developing f 
20-horse eww power than when running with the bird 
and we have first to find what the speed would have been 
with the power reduced to the same value both ways. In the 
first pair this would give 6.78 instead of 7.06 miles; and, 
in the third, 8.64 instead of 8.74 miles; and dividing the 
difference of the equal power speeds by the sum of the 
times on the double run, we obtain— 


1.10 _1.79 i 1.79 and 1.36 the values of which ratios 
16.12 14.24 12.62 11.75 - 
are .068, .126, .142, and .116 respectively. 

Draw a line, representing the consecutive time of the 
experiments, as axis, and mark off on it the beginning 
end of each run; at the centre of each pair of runs draw-a 
perpendicular, and, with a convenient scale, mark off the 
value of the ratio found above. On drawing a fair curre 
through these points, on measuring the ordinate from the 
centre of each single - to sorb pat we have the — 
of the drift affecting the icular run, very approximately 
which, being multiplied by those on the mile, and added 
or subtracted accordingly, as the run is made against or 
with the drift, will give the true speed for each experiment 
of the series, as in the following: 


R Apparent Time on Drift. Trial 
a, Speed. Mile. Ordnance. Speed: 
Ri 4 ° 788 — 7.62 x 06 «= 45 
{ 2: 4 7,06 + 850 x 079 = 778 
ee 4 942 — 637 x 122 = 867 
{ 4,4 ai 7.68 + 7.87 x 182 = 8,67 
5. sib 10.48 — 5.75 %x*« 142 = 9,61 
{ 8: i dp 874 + 687 x 142 = 9,71 
a i » 1094 — 548 x 12 = 10,27 
f Bi. i 9.57 + 627 x 108 = 10.25 


As will be seen, thedrift is increasing to a maximum 
during the third pair of runs, aud then begins to diminish. 

Taking the mean of those speeds as corresponding to the 
mean power, we have the formula expressing the relation 
between the power and speed as already given and calcu- 
lated out, with the result of showing an apparent error on 
the third speed of about eight indicated horses. If, however, 
the power equation be separated into its component space 
and pressure factors, it can be shown with strong pro- 
bability that the eror arises from the s being under- 
stated by a very small quantity, ins of 9.66 knots, it 
onght to be 9.70 knots ! Thus, in addition to former rotation, 
N denoting the number of revolutions per minute, P and p 
the high and low-cylinder diagram pressures soporte s 
so that r denoting the ratio of the area of the low to the 
high-pressure pistons, then (P + rp) is the pressure upon & 
unit area of the pistons, reduced to the diameter of the less, 
and the formulas for this vessel, are : 


8.8. Melrose. 


E=2.835 V log. ~! .126 V. 
N=6.840 V log. —* .010 V. 
(P+rp)==8.527 log. ~* .116V. 





By which, employing the corrected speeds, we obtain— 
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ENGINES .OF THE YACHT 


CONSTRUCTED BY MESSRS. R. STEELE AND CO., ENGINEERS, GLASGOW. 


“WANDERER.” 
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WE have pieasure in being able to illustrate this week 
by a double-page plate, and by engravings on the present 
page and page 472, the engines and boilers—on the 
Perkins system—of the steam yacht Wanderer, about 
which so much has been said—in our own columns among 
other places—since the first account of their trial was 
published in May last. Although Mr. Lambert’s yacht 
has yet had a very short life, her history has none the less 
been somewhat eventful, and the last stage reached in it 
consists, unfortunately, in arrangements being made 
for the removal of the Perkins engines, and their replace- 
ment by compounds of the ordinary type. It is much to 
be regretted that what promised to be a most interesting 
scientific experiment should terminate in this way; but 
in any case the particulars of the machinery of the 
Wanderer deserve to be put on record, and for this 
reason we are glad to avail ourselves of the opportunity 
of publishing the engravings we now give. 

e Wanderer is a vessel 175 ft. long and 29 ft. 
beam, and draws 13 ft. to 14 ft. of water. She has three 
masts, is schooner rigged, and was built as a pleasure 
yacht for her owner, Mr. C. J. Lambert, by Messrs, R. 
Steele and Co. She was engined also by the same firm, 
the engines (which we illustrate) having been designed 
by Mr. J. F. Spencer, with the general supervision and 
co-operation of Mr. Loftus Perkins, and according to the 
system of construction with which Mr. Perkins’ name has so 
long been associated. We confess to have been among those 
who hoped that we might at last, from the Wanderer’s 
trials, obtain some exact and definite iculars of the 
working of Mr. Perkins’s system, particulars which, for 
some reason or other, have never yet been made available 
to the public. We therefore regret the more to learn 
that there seems no possibility of these engines being 
again tried in the Wanderer, while no official trial has 
yet been made, and but a minimum of information seems 
to have been obtained at the many unofficial trials which 
must have been carried out. 

During the yacht’s first runs some of the smaller 
troubles which always attend the working of a compara- 
tively untried system, especially in new hands, made 
themselves felt. Leakage at the feed pump stuffing-box 

















especially seems to have been the cause of some annoy- 
ance (it must be remembered that nothing but distilled 
water is used in the Perkins'boilers), but this was over- 
come by making the stuffing-boxes double, and putting in 
a lantern brass between them, by which the leakage 
could be caught and sent to the hot well. Then there 
came a series of difficulties with the low-pressure valve, 
a large slide with a cut-off valve on its back. After 
more than one valve had been destroyed, it was found 
necessary to stiffen the valve face—which was done by 
putting a bridge-piece in the exhaust with stay 
bolts bearing against the body of the cylinder—and 
it. The first valve had had 9in. stroke, and a 
considerable amount of lap ; the valve shown in our 
drawings, which is the last one fitted, and with 
which the yacht made a successfnl run from Ply- 
mouth to Cowes, was made by the Perkins Engine Com- 
pany with the lap almost all taken off and with a travel 
reduced to 6 in. Finally the Wanderer, after alterations 
and improvements which we fear must have sorely tried 
the patience of her owner, was taken for a run in the | 
Bay of Biscay, where her ill fortune fairly got the better 
of her; she*proved so lively a craft that she sprung her 
masts and they had to be cut away, while in bringing 
home the wreck the heat in the stokehole became in- 
tolerable, and eventually set fire to a bulkhead, matters 
were made worse by the mica water gauges be- 
coming so dirty as to be almost useless. According to 
the Perkins Engine Company the overheating of the 
stokehole was due to the casing of the boilers having 
been only half filled with vegetable charcoal, which is 
the ncn-conductor used—the boilers also had not been 
swept out. Be this as it may, although the Wanderer 
subsequently made a successful run to Cowes, as we have 
already mentioned, after her machinery had been 
thoroughly overhauled by the Perkins Engine Company, 
Mr. Lambert decided on having her engines removed 
and ordinary 100 horse power compounds substituted 
for them, and we understand that Messrs. Day and 
Summers are already proceeding with the new machinery. 
It is right to add that the Perkins Engine Company 





protest on the grounds that no official trial has ever 


been made with the first engines, that practically not 
one of their men has been employed on the trials which 
have been made, and other similar points, but it is ob- 
viously impossible for us to enter into a controversy of 
this kind. We may just remark, however, before pro- 
ceeding to the description of the drawings, that surely 
after this Mr. Perkins may at last be induced to make— 
or if he has already made, to publish details of—reai trials 
of some of his engines. We are quite at a loss to under- 
stand why this has not been donelong ago, The trifling 
difficulties which stand in the way of makiug accurate 
measurements of fuel and water per indicated horse 
power, and even of the net power exerted (whether ona 
brake or in propulsion), can be nothing compared with 
the advantages which would result to those who are 
pushing this system from the publication of a really suc- 
cessful trial. There is no difficulty in finding the maxi- 
mum possible saving due to the use of steam of 
400 lb. pressure as compared with that of 80 1b., but 
before engineers can be reasonably expected to multiply 
all their working pressures by 4 or 5 they must have 
definite evidence before them as to how much of this 
maximum possible saving will be swallowed up in various 
losses, some of which itis easy to see are inevitable. We 
urge this point strongly, for the question is really one of 
very great importance, and like all other engineers we are 
tired of hearing the same vague statements as to success 
and saving repeated over and over again, however true 
they may be, without any visible attempt being made to 
prove them. 

To pass on, then, to our engravings. Fig. 1 shows the 
general arrangement of the engines and boilers in the 
vessel. Figs. 2 to 5 (double-page engraving) are general 
views of the engines, Figs. 6 to 9 show details of the 
low-pressure valve as eventually made, Figs. 10 to 14 
show the other valves and their gear, and Fig. 15 is a 
diagram of the valve gear. Fig. 16 (page 472) shows de- 
tails of condenser tubes, and Fig, 17 a steampipe joint, 
while Figs. 18, 19, and 20 are general views of one of the 
boilers, and Fig. 21 shows details of the connexion of the 
boiler tubes. 

From the general views of the engines it will be seen 
that the latter have three cylinders, 17 in., 34in., and 48 in. 
in diameter respectively, with 80 in, stroke. The high- 
pressure cylinder forms the cover for the middle cylinder, 
and each is single acting, steam working above the 17-in. 
piston, and then passing underneath the 34-in. The low- 
pressure cylinder is double acting, and its piston rod drives 
a crank at right angles to the other. e cylinders are 
jacketted on the plan now for a long time adopted by 
Mr. Perkins, viz., by casting a coil of wrought-iron pipe 
within their thickness (2} in,); in this case, we believe, 
this system of construction did not. give any trouble. 
The pistons are fitted with packing rings of Perkins 
ine with cast-iron rings between them. We believe 
that no difficulty has been found with the pistons as 
thus arranged, the top rings wear first, and the wear 
proceeds gradually downwards. The high-pressure cy- 
linder has two treble-beat valves (see Figs. 11 and 12), one 
for admission and one for exhaust, the latter being also the 
admission valve for the middle cylinder, which exhausts 
through a third valve (Fig. 10) similar to the other two, 
but larger, passing the steam to the low-pressure slide 
valve chest already mentioned. The surface condenser 
forms part of the framing and carries (Fig. 4) the main 
guides. The air pump crosshead is not worked by levers 
as usual, but is attached direct to the low-pressure piston 
rod head (Figs. 3 and 4), so that air, circulating, and feed 
pumps are all worked at full stroke. Each end of the 
engine, fore and aft, is a on two wrought-iron 
columns, and the whole of the cylinders are enclosed in a 
thick wooden casing. 

The low-preseure valve—shown in Figs. 6 to 9, in its 
latest form—is divided into four parts (held together by a 
bridle), with a view to accommodating the spring of the 
cylinder face which had been the cause of so much trouble. 
The cut-off valve has had, of course, to be treated 
in the same way. The recesses on the valve-chest cover 
(Fig. 8) are not used with the present arrangement of 
valve, The cross lines on the face of the valve (Fig. 8) 
indicate shallow cuts made in the hope of their holding 
steam. 

The construction of the other valves is shown in 
Figs. 10, 11, and 18. Each is opened by being lifted 
from below by a spindle, which moves down about ,4, in, 
after the valve is on its seat. We understand that these 
valves have given no trouble whatever, and certainly 
those which have been exhibited on the table of the In- 
stitution of Civil Engineers during the recent discussion 
of Mr. Carson’s “— have faces which may fairly be 
called perfection. The net area of the high-pressure 
admission valve is about +4, of that of its cylinder, 
and that of the high-pressure exhaust or middle admis- 
sion (Fig. 11) is about 7}, of that of the middle 
cylinder. The exhaust for the last named is about 
one-tenth of the area of the cylinder. The high- 
pressure admission valve is worked from a rock-shaft 
caused to oscillate by a separate eccentric (Fig: 2), while 
the other two valves are worked from a rock-shaft which 
itself derives its motion from a straight link and pair of 
eccentrics, shown in Fig. 2,&c. The valves are actuall 
lifted by the short cranks shown dotted in Fig. 12 and 1 
through the intervention of blocks sliding in frames 
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formi of the valvespindles. The'position of these 
ceiving weanks is so = that the motion of the 
valves when just coming down to or rising up from 
their seats is tolerably slow, while elsewhere it is much 
faster. Fig. 15 on page 469 gives a centre line diagram 
of the valve motion. 

The condenser tubes are not, as commonly, open at 
both ends, but arranged as shown in Fig. 16, page 472, 
where the arrows show the direction of the water, which 
is drawn by the circulating pump through the condenser. 
A steady vacuum of about 2 in. of mercury was kept up 
during the working of the engines. The total conden- 
sing surface is 2440 square feet. 

igs. 18 to 21 on page 472 showing the boiler construc- 
tion are so clear as to need little explanation. Each 
boiler consists essentially of horizontal tubes arranged so 
that the hot gases pass up and among them, the tubes 
being about 4 ft. 7} in. long, 8 in. in diameter, outside and 
# in. thick. These tubes are connected together by 
screwed vertical tubes 7 in. diameter as shown, and the 
upper rows all communicate with a cross steam cylinder 
of 6in. diameter. The heating surface in each boiler 
is 760 square feet, and the grate surface in each boiler is 
19 square feet. The total heating surface is thus 3040 
square feet, and the total grate surface 76 square feet. 
There are four boilers altogether, and their intended 
working pressure is 400 lb. per square inch. They weigh 
altogether, with water, about 34 tons. 

The maximum indicated horse power of the Wan- 
derer’s engines, at 92 revolutions per minute, was 907; 
the speed is, however, said to have sometimes been as 
great as 100 revolutions per minute, but unfortunately 
the engines were not indicated at their maximum speed. 








THE SLOPES OF CUTTINGS. 
To Tue Epiror oF ENGINEERING. 

Sr1e,—In reference to your review, and Mr. Airy’s paper 
on this subject, [ have toask room for the following re- 
marks, if you think them likely to be useful in any way, 1 
have not read the original paper, and rest therefore upon 
your review of it. 

With regard to the investigations themselves, there 
appears to be an important omission, namely, the resistance 
which clay offers to being ‘‘ squeezed”’ out of place by a 
superincumbent load, the clay having but one open face, 
which may be called its ‘ plasticity.’” The weakness of 
clay, in this respect, is the cause of many disasters to 
slopes, and this quality ought to have had a prominent 

lace in any investigation as to their form. Had it been 

ken into consideration, its effect must have run counter 
to the proposed new slope as the natural corrective, for 
such weakness on the part of clay would be to relieve the 
weight by flattening away the top of the slope. I have a 
difficulty in understanding what the investigator means by 
the term ‘‘ tenacity ;’’ if it be “cohesion” there ought 
surely to be two coefficients, one for tensile and another for 
shearing tenacity. ‘he resultant of these corrected by 
that of ‘‘friction” should give the stable form of slope 
when ‘ plasticit ”* is neglected. Possibly ‘ shearing 
tenacity’’ and “‘ friction” have been consi as one and 


the same thing, although I can hardly think so, there being | Associa’ 


such a difference between them, indeed the former must be 
overcome before the latter can come into operation. 

Mr. Airy’s calculations give a concave form of slope, 
while “ plasticity’’ demands ao convex one, and thus we 
reach the happy mean of a straight one for the original 
form, leaving it to nature (or weathering) to give the ulti- 
mate form ; the cost of her labours m year to 

ear in the maintenance account. Nature abhors an 
‘arris,’’ and the sharper it is the more averse is she to it, 
ope ie eenay wil she got rid of it, clearly deciding against 
iry slope. 
_ What the curve has really proved, or rather confirmed, 
is, that the slopes of a shallow cutting may be steeper than 
those of a deep one, a very common rule of practice. This 
would indicate that the correct application of the curve to 
a Mt wale te dye aay seeded gi 
h of the cutting for which the slope is required, 
tangent would give it; but this is an engineering re- 
finement that is all but wholly inapplicable to rail cut- 


concrete wall prove perm: nently efficacions ; 
= prevent for a little while a her the first 
lower outcrop of the back is very near the 
The slips referred to in review, which 
leave the smooth curved surface, ote the firat kind, and 
are the “abomination of desolation” to a contractor, for 
nothing will stop them, and removed they must be, while 
ue tration - all haste by some other ma- 
preference) in order to keep what is left in 

place. The other classes of slip give to the 


indications (su 
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slope, of . eg allowing timely 
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Those | he overlooks the important fact, fully 
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and the ing at the 


entered against it, engineer on discovering 
final measurement that there are furlongs. where he bad 
= may feel inclined, mal y penser ; but this is hardly 

ir to the contractor, who knows, as a matter of fact, 
yeneel enna & is, that drains mike yey peer 
them, w are , they mus 
be frequent and a Ee effect of slope drains is, that 
in forming them, the masses of clay between, which was 
formerly part of the slope, are converted into so many but- 
tresses, or counterforts, of ‘‘ dried” clay ; and where this 
is the object the drains should be cut from formation right 
up and out at the top of the slope, of generous dimensions, 
not filled too soon, so as to allow of the drying action of 
the weather; they should be filled with largish stones, 
thrown in at {random, so as to allow of the circulation of 
air. These drains are suitable where the clay from top to 
bottom of the cutting is of a uniform texture having a ten- 
dency to bulge. There is another kind of drain necessary 
where a firm clay overlies a softer and more plastic layer or 
stratum. These should be cut, from formation to the 
lower bed of the firm clay, and filled immediately with 
hand-set flat-bedded stones, so as to form of themselves 
strong drystone counterforts. ' 

All slope drains should be cut in summer weather if pos- 
sible, straight up the slope, and never on any account 


a Yours faithfull 
Sim ; BERTSON. 


Glasgow, December 10, 1879. 








RAIL SPECIFICATIONS. 7 
To Tue Eptror oF ENGINEERING. 

Sr1r,—The length to which Continental railway com- 
panies will go in the, one may almost say, idiotic conditions 
of their specifications for is beautifully illustrated by 
the following paragraph in the conditions of the Main 
Neckar Railway Com , dated November 29, 1879, viz. : 

‘** The rails to be delivered in May, 1880; their manufac- 
ture aay not be proceeded with during the coldest winter 
months.” 

I think any addition would spoil the effect of this 
splendid idea, which no doubt will afford amusement to 


many of your readers. 
Yours truly, 


Henry Simon. 
7, St. Peter’s-square, Manchester, December 15, 1879. 








BOILER INSURANCE AND INSPECTION. 
To Tae Epitor oF ENGINEERING. 

S1r,—Permit me as one practically interested in boiler 
insurance, to refer through your columns to the monthly 
report of the Steam Users’ iation, a digest of which, 
under the head of ‘‘ Boiler Insurance v. Inspection,” 
appeared in your last issue. 

t me first correct what I cannot but regard as an 
inadvertence on your own part. A misapprehension is 
conveyed by the heading of the report above referred to, 
that boiler insurance is antagonistic to inspection. It is 
now well known and thoroughly understood that the 
former entirely covers the latter, and I may further add 
that public opinion has almost removed the subject from 
the region of discussion by practically yor * 
d iation represented by Mr. Fletcher as against boi 
insurance. 

Notwithstanding this Association was first established 
for the inspection of steam boilers, and has now been in 
existence twenty-five years, during which time it has not 
failed to use every effort both ordinary and extraordinary 
to extend its operations, it is one of the smallest companies 
e in this branch of engineering. 

r. Fletcher’s statements, however, while being of a 
very specious character, are so utterly fallacious, that it is 
only necessary in the interests, as well of the public as the 
insurance companies, to let in a little light on his 
expression to prove this. Mr. Fletcher against in- 
surance companies that from the nature of their organisa- 
tion as joint-stock concerns, and the expensive character of 
the duties which they undertake to perform, they are 
ne, tempted to sacrifice all their commercial obli 
tions for the sake of increasing dividends, and although 
does not say absolutely that this is done, the process of 
reasoning is almost tantamount to an assertion, though it 
by no means proves the truth of his assumption. In 
to establish case he states that the cost of every 


thorough examination, including all expenses, is on an 
a not less t 


han 20s., while the risk of i 

be put down at 1s., andas 1 out of about ev B00 eollens 

ex aie sane. is more ae cry eg or epee 

com es y for an explosion than to incur the cost 

9000 thorongh examinations . In this calculation, however, 
established by the 


rts of the various insurance companies, that if it 
t for the action of such companies the number of 
ne ies SS a ee i 1 
a which, while completely upsetting Mr. Filetcher’s 
reasoning, goes to prove the very opposite of his concla- 
sions, viz., that it would not the insurance compani 
to neglect efficient i i allow boilers to 


explode. 
The pros of the Steam Users’ Association states 
that all Detlore enrolled receive a i examination 


annual 
were no 


influenced by a variety of circumstances, but under 
conditions a h examination should not 
oceupy at the most a longer time than from two to three 


hours, while a working = ion will an my oe 
from twenty minutes to an hour. Now it is to ob- 
served that with this exception all the other expenses of the 
oa saiione Se8, dealing a the report at 4 
office, advising thereupon, -, are exactl. e 
same, and it would be interesting to know how the y Pome 
ciation, after paying 20s. out of their annual fee of member- 
ship of 31s. 6d., make the two other examinations for the 


a my Pg 6d. 

While Mr. Fletcher in effect charges the insurance com - 
i tg ae ~ pee in the — of — 
inspection, is exceedingly careful no repeat in 
connexion that in ninety-nine cases out of hundred, 
explosions are attributable to the disregard of the insured 
themselves to the advice and in many instances even re- 
monstrances which are offered to them, and in the very 
case at Halifax, to which Mr. Fletcher in his monthly 
report more especially referred, the jury in their verdict 
said that “‘ It is a matter of extreme regret to the jury that 
the repeated wrgency of the insurance company did not 
in essrs. e ani rite repare their 
induce M Balm d Pritchard to pi thei 
boilers for a thorough examination for so long a period as 
four and a quarter years,’’ though this was accompanied 
by the paradoxical remark that ‘‘ We would also express 
our regret that the insurance company, while continuing 
to insure these boilers, did not insist upon their more 
frequent and thorough examination,’ reminding one of 
the old comparison that ‘‘ Pompey and Cmsar are very 
much alike especially Pompey.” 

That matter above all others about which the insurance 
companies concern themselves (I speak more particularly 
with reference to that with which I am personally con- 
nected) is an annual thorough examination of the boilers 
under their care, but as frequently explained in their 
ee the urgency of their requests is in many cases 
allowed to go unheeded, and the difficulty of obtaining a 
thorough examination of some boilers must be as well 
known to Mr. Fletcher as to the insurance companies. 

In his philanthropic efforts, Mr. Fletcher ignores one 
little consideration which makes the difference between his 
Association and the insurance companies one only of degree, 
viz., that after a very small proportion of the income has 
been expended in experiments or investigations, an action 
common to both, the proceeds of the former go to increase 
the salaries of the officials of which Mr. tcher is the 
head, while in the latter they are divided between the 
officials and the shareholders. 

The principle of insurance is sound and well established, 
and one of the most remarkable characteristics of the 
Association is, that while it is unsparing in its efforts to 

the insurance companies it has practically conceded 
the whole principle of insurance by issuing “‘ a 
to its members of the value of 5001., the term ‘‘ guarantee’’ 
being only another name for policy. : 

Mr. Fietcher’s antagonism to the insurance companies is 
by no means new, and its periodical revival while it fuar- 
nishes a pedestal on which he poses as philanthropist, 
serves only to confirm the public judgment on the respective 
merits of the Association which he represents and the boiler 
insurance companies, for which, to put it mildly, he 
certainly has no very great affection. The Association’s 
want of success is to be ascribed to its intense officialism, 
the immediate effect of which is most felt by the steam user 
in its limiting pressure for boilers at considerably below that 
at which they are qualified to work with safety, an action 
a to say the merest tyro in engineering is 


eq to. 

r. Fletcher would lose nothing in reputation as an 
engineer if he would leave the pathetic and sentimental to 
othae ont mane suelie subjects, ane tern bie otnaticn to 
@ more compre ve of thorough-going engineering, 
but under the circumstances it is gt feared this will 
never take B , even though, with the introduction of a 
new order of things, he were elected as Chief Controller of 
the _— Boiler Department for Her Majesty’s Govern- 
ment. 

Borer INsPECIOR. 


To THE oe or ber ey wed ‘ 

a boiler insurance 
company Semel eer’ what Mr. Pletcher calls joint stock 
inci Ty istinction to the pnp Rees 
protest against his sweeping charge! it is our interes 
to let the boilers burst ; that by paying the amount insured 


Ph, corns She cont of the we are in pocket ; 
** to let boilers burst and’’ what Mr. Fletcher says, 


murder, in order, as he puts it, to make a profit. 
within your remembrance that a similar 
railway companies u) their adoption 
. It was con by some persons, 
quail ay tke: paeny epee’ pay 
companies to pa 
bes of the dead and maimed, 
in order to 
believe 

















Dec. 19, 1879.] 


ENGINEERING. 








would 
prose- 


expended in inspection.’”” The Home Secretar: 
— hand the matter over to some able. pul 


Caring the 25 ears Mr. Fletcher’s Association has been | g 
in existence they have ever had more than between 
3000 and 4000 boilers on their books a a Dany brilliant 
po mag pee Although originally formed for Gone mo ip 

it came to pass somehow —— in _—< of —— 
to to the contrary this philanth: 
to give a money tee + the fidelity ‘of | its > a 
taking. Can Mr. Fletcher or any pues else point out to me 
any other association in E to be philan- 
thropic which gives a — then may the faithful 
ye of its undertakings ? 

But (who would believe it) Mr. Fletcher’s philanthropic 
Association actually makes a profit (Mr. Fletcher is sure to 
have another name for it). The gentlemen who came for- 
ward in the first instance as guarantors are no longer | in 
needed as such, income over expenditure having resulted 
—_—e so many years in the accumulation of a good round 


- but Mr. Fletcher does not divide this. money 
amongst shareholders. What is done with it? It is in- 
ves' Happy Mr. Fletcher! Whereupon he founds a 
miserable yet serious charge, which if proved to be true 
would amount to a crime, based solely upon this difference, 
thata joint stock company pays away some of the profits to 
the shareholders or capital finders, whilst the other invests 
perhaps in debenture stock. 

No, Mr. Fletcher, you are wrong, grievously wrong. 
Please note 

1. That the men who put down 10,0001. to work any 
business, of however a serious nature, are as much entitled 

to fair interest on that capital as you are to your salary. 

2. That it is not owr interest, and I doubt it to be the 
interest of any other joint stock company, to allow the 
boilers to burst and pay compensation. 

3. That I know of one joint stock company that is so 
thoroughly imbued with the desirability of one ‘‘ thorough” 
examination per year for each boiler as you are, and that 
its manager and directors have so far endeavoured faith: 
fully to carry this out by making about 90 per cent. of such 
examinations for years past. 

4. That before you made such a wholesale, malicious, and 
defamatory charge as that contained in your as you 
were bound, as a Christian and as a gentleman, to _ 
yourself in possession of all the facts Sf « each particular 
joint stock boiler insurance company. 

5. That the fact of a compan: based upon joint 
stock principles, does not debar that company from giving 
as good inspections to the boilers, as reliable information 
to its members, and in case of accidents, paying with as 
ae money as that of your Association, or that of one 

ounded —_ on philanthropic ——- 

remain yours 0 a 
Joun WAuvuGH, 

r of the ae Boiler 


Chief Engineer and M: 
sers’ Co., 0 


Insurance‘and Steam 
December 16, 1879. 





To THE EDITOR OF ENGINEERING. 

S1r,—In considering the comparative merits of boiler in- 
spection, with and without insurance, it will be well to see 
what results have been achieved. From a r read by 
Mr. D. P. Morrison before the North of ngland In- 
stitute of Mining and Mechanical Engineers, I find that 
poe Manchester Steam Users’ Association has under its in- 

tion at the present time about 3500 boilers, while under 
the inspection of the various boiler insutance companies, 
thene are in the aggregate about 38,000. Now the Man- 
chester Steam Users’ Association has been in existence 
some four or five years longer than the oldest insurance 
company, and if there be any advantage to be — from 
notoriety it has it, for in one way or another Fletcher 
takes good care to keep its name before the public ; ; while 
on the other hand the insurance companies are om 
heard of except by the users of steam power 

It may, therefore, be taken for granted that boiler 
owners are as well aware of the existence and operations 
of the Manchester Steam Users’ Association as of those 
of the various insurance companies ; and as it is hardly 
— that the collective good sense of such a large 

y of men would lead them to risk their property and 
lives by entrusting their boilers to the care of a company in 
the value of whose inspection they had no faith, it may be 
assumed that the inspection of the insurance companies 
does fairly ‘‘ meet the requirements of public safety,” or 
at least that it does as well as the inspection of the Man- 
chester Steam Users’ Association. 

The information as to the average rate of ex losion 
among boilers inspected and insured, and] among;boilers in- 
spectedionly, is scanty, but it was shown i in a pamp pub- 
lished about the time when the Select Committee on Boiler 
Explosions was sitting, that the annual rate of explosion 
among boilers inspected by the Manchester Steam Users’ 
Association was 1 in 2333, and among boilers insured by the 
Boiler Insurance and Steam Power Company 1 in 
rom the last annual report of the same company, the 

ee annual rate would appear to be still lower, and 

ibly the Manchester Steam Users ’ Association also 
can aon show a better result, but 
the total number of boilers inspected v the two systems, 
it is clear that the insurance nan competes aed have done consider 


pa | more than the Manchester ion 


towards the prevention of oe Bp Fong and the con-| has 
property. 


sequent destruction of life and 
I remain, Sir, your obedient serv: 
December 17, 1879. BorLER Inepnoron No. 2). 


Sr. ery Ts merce of St. pvale lave organised 

a movement for the erection of a spacious and permanent 

exhibition building like the corresponding structures of 
Louisville, and Cincinnati. 











IMPROVED PORTABLE a 
St In describing tee "aa! = Smithfield Club 
B,— e 
Show last week, you remark fiat ft 7 Seah 
noe! Colchester, show rtable 
special notice. 


— a “new 
ithout to detract from any merit due to pp eco 
Davey eo and Oo., yet in A pny to ee Toe 
the” . new t ”” subs own ; if, indeed, the 
engine and boiler in ween | ilt to a own speci- 
fication (excepting the form of “yo would ppm 
The engine (as a ge by tana to be a 
close approximation to Me's — 
engine, as described in your agg a Rl pawn ago 
illustrations (see ENGINEERING, April 16, 1869, a vit, 
page 251), and on subsequent occasions, thus: The 
engine complete in itself, so that it can be manufactured 
lent of the boiler, and can be worked either on or 
off the boiler, as Messrs. E. R. and F. Turner now con- 
toy their “ Gippeswyk”’ engine. The wrought-iron 
frame, 120 lb. pressure, igher pat piston speed, and automatic 
expansion, piston and boiler smaller for the same nominal 
power, &c., all are there described in general terms, while 
the exact dimensions for an 8-horse power portable engine 
are given in ENGINEERING, June 28, 1872, vol. xiii., 
page 427, with illustrations, and a tabular comparison 
with the then and present ordinary Skene power — 
engine. 


5 meh 


he reason for this sudden adoption of Pon A ong the indi 
to ms 


readily explained. Last summer it was represen 

that fuel was excessively dear at the South African 
Diamond Fields ; that an ordinary 8-horse power engine was 
costing from 201. to 301. per week ; that fuel was getting 
scarcer, and that a better engine, using less fuel, would be 
a very great boon to the miners. 

It appeared that ramours of the success of my governor 
had reached hee but that inquiries for automatic ex- 
ee , and of the engines then 

ing built and rede (including one a Messrs. om 
Paxman, and Co.), not one was furnished withany fu 
saving appparatus, beyond what is ordinarily to be found 
in the best type of Lincoln engines. As it must not be 
supposed that the manufacturers applied to were un 
to meet the urgent wants of such excellent customers, ii 
seems reasonable to conclude that they did not well fanw 
how to do so previous to last autumn. 

I pointed out that since the Cardiff engine trials all the 
8-horse power e of Messrs. E.R. and F. be oe 
were fitted with nell’s automatic expansion governor, 
and that it had been found in practice, that water’ the ordi- 
nary conditions of working, such gear saved about one- 
third of the fuel and water before required. 

It was also represented to me that the cost of transport | to 
was excessive, = from 2d. to 3d. per pound, so that a 
lighter e: id bea tatherbien.” 1 showed that this 
might be hp soa LA a as + lb. to 140 lb. pres- 
sure, and that my portab described in my letter 
to ENGINEERING, June oe 1872, po their requirements. 

As no such engine had yet been built (Messrs. E. R. and 
F. Turner having only ly my plans), I sup- 
— my opinion by reference to, and extracts from, your 

Senoription, April 16,1869, and my letter of June 28, 1872 ; 
by ae my published just before the 
Cardiff engine trials at 80 lb. pressure (ENGINEERING, 
July 5, 1872, vol. xiv., page 16) with the actual results of 
those trials (July 19, 1872, vol. xiv., ont nioynee 43), and also 


with the actual f the “ Yor engines, which 
it was known were in the first — alt to my specifica- 
tion and order (but with Scott’s patent boilers) for Captain 
Scott for India and Burmah. 

I specified the engine already alluded to, 6 in. cylinder, 
9 in. stroke, fa revolutions per minute; to weigh about 


ae thirds of the ordinary 8-horse power ‘cova engine, 
cate three times the — — power, and require 
fvecighthe of the fuel ; steel boiler, heating surface 96 
square ae iz boiler y rene which Messrs. Turner 
undertook to a’ e orse power portable 
price. I seem to have succeeded in making it clear fist 
such an engine was quite practicable and might save s0ol, 
» etalon tines h as Clayton and 

ut no automatic expansion gear, be as 
Shuttleworth’s, Ransomes, Sims, and Head’s, Marshall’s, 
or Turner's (if indeed any of their onside had been seen 
there. The introduction of a new engine by a new maker, 
saving 51. per week for fuel, could poo conducive to 
all interests, however much iit might benefit the miners. 

Hence, when my proposals were known, there were not 
wanting disparagements of the whole scheme. A go- 
vernor and Messrs. Turner’s engine were successfully kept 
out, but my information, my opinions, and my plans, 
which not only promised a grea‘ annual saving on each 
—_ a, Leg! had had a pecuniary guarantee, t 

rentl; priated. Finally, last autumn, I 

heard ¢ ‘ard that on ra. Davey, Bg on per and Co. were going 
to build such an ‘oadine as I had specified, but with their 
own cu gear. 

Hence, I justly claim this advance in portable en; 
and any benefit arising therefrom at the Diamond valde 

or elsewhere, as my own work, and this engine as due to 
my inspiration. It is all that is left for me to claim, for 
hitherto mn! an whole I have received no p benefit 
from 4 ¢ governor and ge ble en- 
gines, the first such governor put on a portable 
engine = at Cardiff a silver medal; and more recently it 
been considered worthy of a silver medal and diploma 
by the maay ee Jury of the Paris Exhibition of 1878, 
and although i success has been such as to give 
it a unique ition to the present day, viz., the only au- 
iomnlis expansion gor tees Se ay ae on all their 


portable engines 

Ten years haye elapsed without my vs portable 
being on my part, 
not means to manufacture and introduce it myself. 


roo fd 





essrs. abe ts 


them original. pens that I have applied 

. not identical, gear to » and Pog speak of it 

on bp noe pl tevertoa felzty wel, — no means 

in my opinion 
It wag as wall be aaided that na that the we al type of 

— been built to my specification, excepting the 


This is higher type of &-oroe power this size 
tested by me at 140 lb. peace = will run 
steadily at at 400 ee per minute. This, too, it is 


anticipated, will distinguish itself by great economy of fuel, 
and in addition by its simplicity of ot const Srediies, steady 
running, and durability. 


WILson Harnett. 
December 15, 1879. 


INDICATING STEAM ENGINES. 
To THE EDITOR oF ENGINEERING. 

Srr,—Your recent illustrations of indicator gears of ap- 
proved forms, as Mr. Charles T. Porter’s and others, seem 
to me to be defective in that the crosshead describing the 
chord of the angle of vibration of the communicating » 
cator receives the arc of the angle. Imagine the 
extreme case of the communicating lever being only one- 
half the stroke of piston, and the connecting link of infinite 
length ; in that case the crosshead will describe the dia- 
er of a circle while the indicator receives the reduced 
semicircle. Yours very 


Providence, R.I., December 4, 1879. 


WHEELS OF PORTABLE ENGINES, 
To THE EDITOR OF ENGINEERING. 
S1m,—By referring to your valuable journal, vol. xx., 
page 471, you will see Messrs. Robey and Co., Lincoln, 
manufactured wheels of the Seccrierian 9 mentioned in your 
last week’s Smithfield notice as being of a pattern new to 








A. F: Naauz. 





you. 
Yours truly, 
South Park, Lincoln, Dec. 17, 1879. J. CoaTss. 
(Mr. Coates is ht, we had forgotten the driving 


wheels of Messrs. bey’ 8 traction engine exhibited in 

1875. Messrs. Robey’s wheel, however, differed slightly 

from that exhibited by Mr. Humphries last week in that 

the central plate from which the arms spring was rivetted 
to the boss.—Ep. E.] 


Westingh Saree ey ae AIR Brake. fe agp roe of the 
es ouse Air Brake Company’s works is progressing 
i. When completed, t' iy A ity of these works 
about one-third. They have Sacieah ben 

order to equip the trains of the New York and Philadel hia 
new line with an automatic air brake. The Central Hail- 
road of New Jersey, which owns the New York end of the 
line, has hitherto used the vacuum brake. 


Socizty or ENGINgERS.—A party of the members of 
this Society and their friends met at dinner last Wednesday 
night at the Guildhall Tavern. Robert Paulson 
Selce, OL, poeaihenhs an ta’ tho chaie, cao by 

r. J. is emer president-elect for 1880 ; Mr. C. Reedy’; ; 
Mr. Williams, honorary secre ; mel Cowan ; 
Froenor Gther, FES.) ; Mr. Li 3 — 

ursey ; Elgan. 8 eature 
of the occasion was the Maes s fh of gi 
address, a piece of plate, A. asum of 150/., to Mr. Perry 
Fairfax pera ex-secretary, and for many years intimately 
identified with the progress of eon + Mee 

, made a most feeling appreciative 

The testimonial is one which is most 

deserved, and we are gied that Mr. Nursey’s 

labours in connexion with the ety have been thus 
wledged. 











MovasLe Fire Brigapr Stations.—At a_ recent 
of the Metropolitan Boards, the Fire Brigade 
Committee recom that the United Wards Club of 
the City of London be informed that the Board, looking to 
the high Teepe ates ot paid for a site for a 
= fire brigade station in the western part of the 
ity, is of opinion that itis desirable, at all events for the 
er ge to give such protection from fire as the neighbour- 
ood needs by means of movable stations. The re; -” 
further stated | that the committee were of opinion that fo 


hese | additional gp gw stations should be established in dif. 


ferent a of London, similar to that at Ludgate Ean 
and that ee aes plant should be purchased at a cost 
for the whole of about 10001. It was stated aa the 
discussion that the movable station at _be has, 
since its establishment, been of ys The four 
new spots where it was p the ne 

stations were near St. —_ Dane’ ° Church, the Royal 
Mint, near the Duke of yy son 8 statue, and: at Vanxhall 
Cross. A further vibe of e committee stated that 
their attention had been called to the necessity of improving 
the hic communication between some of the fire 


stations. and inconvenience arose from the fact that 
some of the stations not in communi- 
cation with the office of the district. It was resolved 
that ae 


steps, at a cost of 2251., be taken for the 
the difficulty. During the present 
monk we may nots that house ia ae 
was completely uring a foggy 
large fie tation was within » mile ot it. 
ever, was attached to the authorities of the latter, as they 
There | had no notice until all the mischief was done. 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that we have appointed Mr. Lenox 
Smith, 46, Pine-street, New York, the sole agent for ENGI- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
Smith is also prepared to receive advertisements for ENGI- 
NEERING, and will afford full information as_ to terms, &c., on 
application. The annual subscription for EnGINEERING de- 
livered post free in the United States is 10 dols. U.S, currency 
payable in advance. 








NOTICE OF MEETING. 
INSTITUTION OF O1vIL ENGINEERS,—Tuesday, December 23rd, at 
8p.m. The Annual General Meeting. 
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TELEGRAPH CABLE REPAIRING 
SHIPS. 

Durine the projection and laying of our first 
submarine lines, it was frequently set forth that 
when the cables were once laid they would last 
for ever, and consequently no attempt was made to 
provide the means of repairing the cable promptly 
when broken. By degrees, first in the case of 
shallow water cables, and afterwards in the case of 
deep sea cables, it was seen that it was necessary to 
have a ship properly fitted ready to attempt the 
repair of the cable when damaged. This has now 
become such a well-established and acknowledged 
fact that all large companies having telegraph 
cables have their own repairing ship. Yet few, if 
any, have been built for the purpose, and we doubt 
whether any ee have as perfect a ship for the 
purpose in general arrangement as might be obtained. 
Indeed the subject is one which wilkallow of con- 
siderable discussion, In considering the requirements 
for a cable ship, the first thing to be noticed is the 
question of control over the direction of the ship’s 
head. In a ship employed merely in navigating, 
the helm is gencrally sufficient for this purpose, as 
she can in nearly all circumstances be given sufficient 
way to cause the helm to act. Avcable ship is, how- 
ever, constantly in circumstances which require more 
than the helm, for she is often steaming up to buoys, 
when if she happens to miss the buoy a large detour 
has to be made to make another attempt, whereas 
could she suddenly screw her head round, she could 
save considerable time. Again, when grappling, it 








often happens the wind may be blowing in such a 
direction as regards the stream and the line of cable 
as to cause the ship to lie in such a position as to be 
very difficult to make her on the proper line, 
and yet no motion of engines or helm can help her. 
Again, when picking up, i.c., winding in cable, if 
the wind is driving the ship in the direction of the 
course of the cable, she will very likely lie broadside 
to the wind, and she may drift faster than the cable 
can be wound in, causing the bight of the cable 
to sweep over the ground, and perhaps catch a rock 
or lay akink in. Yet she cannot alter her speed 
over the ground, for going ahead or astern will onl 
be at right angles to the cable and thus carry her o 
it. To get her round in the right direction by her 
helm would uire way, which means going a 
certain distance from the line of cable; thus some- 
times it is necessary to pay out cable, and take a 
sweep round to get her head in the right direction 
for commanding her rate of drift over the ground. 
Again, she may be lying with the cable at the bows, 
whilst splicing cable on board, and the wind way have 
a tendency to cause her to fall off so as not to have 
her head pointing towards the cable. But the 
worst time is perhaps when the ship is hanging on 
to two ends of cable during the making of the 
final splice. There the slightest sheer too much 
one way to ease the strain on one cable may bring 
a heavy strain on the other, and any drift at right 
angles to the line of cable will of course absorb the 
slack and make the cables grow tighter on each side, 
and if the ship falls off from a direction opposite to 
the resultant of wind and stream, there is no means 
of getting her head round again, as no way can be 
put on, for she cannot move ahead or astern without 
putting a strain on the cables. If she had discon- 
necting paddles or twin screws all these difficulties 
of course disappear, as she could be turned by mov- 
ing one screw or paddle ahead, whilst the other was 
turned astern. In the Great Eastern the paddles 
were altered to disconnect, but the plan generally 
employed in handling was to turn her paddle engines 
astern and keep the screw going ahead; the two 
propelling powers thus balanced one another, but 
the backwater from the screw acted on the rudder, 
and thus gave the means of altering the direction of 
the ship’s head. In the Faraday not only are twin 
screws adopted, but the screw shafts converge on a 
point astern, and thus give a greater leverage for 
turning the ship at the expense of theoretically a 
minute diminution of speed when the engines are 
used in the ordinary way. In the Hooper another 
mode was adopted to give command over the ship. 
This was to place a small screw in the dead wood of 
the ship near the stern and working at right angles 
to the ordinary screw. This was worked by means 
of a small engine with which it was connected by a 
wire rope. When the ship had to be turned head 
to re the screw was turned so as to drive her 
stern to leeward. Thus the ship although bringing 
her head to the wind must have gone to some extent 
bodily to leeward. If the screw were placed in the 
dead wood forward this objection would not hold, 
as when the screw was moved to get her head to 
wind, it would be tending to move her bodily to 
windward, thus counteracting instead of assisting the 
general effect of the wind on the ship. 

The steamer designed some years ago by Mr. 
Ritchie for Her Majesty’s Post Office, but which 
has never been constructed, was to have had a pair 
of engines to each paddle-wheel, so that when dis- 
connected each paddle could be moved without any 
fear of the engine sticking on the centre. 

Both paddles and screws have their disadvantages 
in cable work, as there is always some fear of getting 
the cable foul of them when changing the cable from 
the bow sheave (after splicing on the cable in the sea 
to that on board) to the stern sheave for paying out. 
In this case a two-bladed single screw runs the 
minimum danger, as it can be placed vertically 
previous to the operation. But the most perfect 
arrangement for a cable ship would be the hydraulic 

rinciple used in the Waterwitch, for not only there 
is no projection presenting the dangers of a paddle 
or screw, but the motive power can be suddenly re- 
versed on either or both sides without stopping the 
engines by simply reversing the nozzles. Unfortu- 
nately at present the principle is too wasteful as 
regards relation of power to speed. Ifa ship has 
only a single screw a good mizen placed well aft is 
of t advantage in keeping her head to wind. — 
ext to the question of control over the ship in 
im ce comes that of cable tanks and decks. A 
cable ship should have plenty of cable tanks, and 
also plenty of room below for the numerous 





staff and stores which she has at times to carry. 
For this the class of ship known as a spar deck 
is the most suited, The tanks being all placed below 
the main deck leaves that deck clear for extra 
cabin, foremen’s mess, and store rooms, besides 
— to splice cag pen 3 n : in bad weather. 

o repairing ship sho ave less than four tanks, 
but indeed ie more the better, as in repairing, in 
the first seg one is required for picking up into 
and one for cable ready to pay out, on one for 
condemned cable, so that three is the least possible 
to work properly with. But it may frequently 
happen that it is well to separate some of the cable 
that is being picked up, and for this another tank to 
change to is required. This is without taking notice 
of the question of different types of cable, and 
when we consider that in most long lengths of cable 
there are some three or four types, it is evident that 
some of these, even with four tanks, mast be buried 
wane others if a stock of several types is carried on 


In the question of centres there is much to be 
said. A permanent iron cone has the advantage of 
being the safest as support to the coil in bad weather, 
and the best guide when paying out for preventing 
kinks and facilitating paying out, but it has some 
disadvantages which are insisted on by those who 
advocate the skeleton telescopic arrangement used in 
Telegraph Construction Company's ships. It pre- 
vents the foreman from getting such a fair view of 
all the men, as in the case of the telescopic arrange- 
ment, and it precludes the pee of cutting the 
cable low down in the coil for any testing purpose. 
No doubt it would bea great advan sometimes if 
it were possible to be able to cut the cable low down 
in certain cases, but this would be of infinitely 
greater use if it could be done on the outside of the 
coil with the means of getting at a short length of 
one of the cut ends. If a slot in the tank of about 
5 ft. or 6 ft. wide were made throughout its depth 
and communicating with a water-tight recess, not 
only could the cable be cut at any flake and a lead 
wire attached, but perp ry up bights could now 
and then be laid out of sufticient length for splicing the 
cable in another tank without incumbering the sides 
of the tank itself; this would be a great advantage 
at times, 

The bow sheaves are another important point. 
At least three should be provided, so that when the 
cable is hanging from the grapnel by the grapnel 
rope over the centre sheave, a rope can be caeee 
over the sheaves on each side to the cable before 
cutting. This is only one of the instances where it 
is convenient to have several sheaves, for with one, if 
more than one rope is in it, they are liable to jam, 
peotenety where Y sheaves are used, and, indeed, 

t-bottoms sheaves are the best for bow work, asthey 
do not cause ropes to jam so much as the Y sheaves. 
The shields to prevent the cable from slipping out 
of the sheaves should be so arranged that the edge 
of the sheave is countersunk into the casting. This 
prevents all possibility of the ropes getting between 
the casting and the edge of the sheave. The pease | 
should be rounded to a good bold radius and carri 
up high enough to prevent all possibility of the 
cable getting out of them, thus dispensing with the 
necessity of any arched cross casting which has been 


employed in some cases, but which is very incon- 
venient. In the Faraday and other ships fitted by 
Mr. Siemens the bow sheave has been e to swing, 


so that it can be adjusted to the best angle to keep 
the grapnel rope from grinding and chafing against 
the cheek castings. This is a great advantage when 
dredging, but inconvenient when slipping a bight of 
cable after a final splice, as both parts must pass 


through a very confined space. A kind of crane 
porary 2 e bow sheaves may be placed with 
advantage 


or lifting in mushroom anchors, grapnels, 
&c, The question of picking-up gear and paying- 
out gear is one that might be separately treated. 





THE TRIALS OF THE 38-TON GUN. 

Tue long-expected experiments on the surviving 
38-ton gun of the Thunderer were commenced at the 
proof butts at Woolwich on the 9th ot December, 
and continued on the 10th, 15th, and 16th. After 
the rounds fired on the 10th it was found on taking 
an impression of the bore, that the gun wanted a 
new vent, and after the trials on the 16th, which 
concluded the experiments on the effects of air spaces, 
the Committee determined to adjourn for about a 
fortnight, in order to recover several of the projectiles 
which were lost in the butts, and also in order that 
the position of the gun, in the cell constructed to 
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safety in case the 
sequent trials, e@ ex ts will consequently 
hardly be renewed before the new year. 

The gun is contained in a cell constructed of 
baulks of timber of strength, overlaid with pig 
iron, and several feet of concrete, the whole being sur- 
mounted and surrounded by a vast heap of and 
grayel. The ‘“‘ bay” into which the shots are fired is 
constructed in a similar manner, and is filled from 
front to end, a distance of nearly 50 ft., with fine 
sand, which stands to a height of some 10 ft., leav- 
ing a vacant space of about 9 ft, between the top of 


tion of their having been to blame for the disaster 
should if possible be removed. We ought further 
to state that two rounds appear to us to be insuffi- 
cient to Cesena: test Sir W. Palliser's theories, 
for he has found during his experiments that a jam 
takes place on the average only once in every five 
reunds, 

The annexed Table will be found to contain full 

articulars of the fourteen rounds which have been 
fired up to date, and it will be seen that they fully 
confirm the results of previous experiments 




















’ . Powder Pressure 
in a = 
| Charge . Square Inch. 
| aber? Velocit , 
S|, Projectile—Nature and Position of Projectile. yee Recoil. 
| Pebble Weight of, Second 
& prowee: "| Os On 
Base of | Base of 
a | Bore. | Shot. 
Ib. ft. ft. in. 
1 85. |Common shell, 587 lb. ...|Rammed home 1440 20.2 
2 110. Palliser, 703 lb. ... +++| Ditto “46 e the «| 1408 21.8 
3 85 |Common shell, 587 lb. .-|Air space=1 ft. between charge 
and projectile ... owe coo], 1272 12.4 
a 110 /|Palliser, 703 1b. ... ...| Ditto en & “ne | 1811 15.2 
5 85 |Common shell, 586 lb. ..|Air space—2 ft. between charge 
projectile ... oe v| 1174 9.9 3 1 
6 110 |Palliser, 697 lb. 9 oz. ... | Ditto - ot obs «| 1223 12.7 3 8 
7 85 {Common shell, 586 Ib. .. |Air si =4 ft. between charge 
and projectile ... sam te 941 + sas 28 
8 110 /|Palliser, 7041b. ... ...| Ditto ie oan aa | 1018 12.6 8.9 3 4 
v9 85 {Common shell, 592 lb. ..|Air space=6 ft. between ‘charge 
and projectile ... x es 730 2.2 1.7 2 3 
10 110 |Palliser, 705% Ib. ... ...| Ditto ode ave ide nde 876 8.9 6.4 3 14 
ll 85 (Common shell, 592 lb. .. |Air space=8 ft. between charge 
and projectile ... ‘de | 664 1.5 eee 2 0 
12 110 /|Palliser, 701 lb. ... ...| Ditto eee a Bess | 754 7.4 6.4 210 
18 110 |Palliser, 698 Ib. ... ...|Air space—=10 ft. between charge] 
and projectile ... tes | +582 6.1 2 5 
14 85 |Common shell ..| Ditto " 536 0.5 1 5 


























the sand and the underside of the roof of the ‘‘bay.” 
The roof is formed of strong baulks of timber laid 
horizontally, the whole of the under surface being 
lined with boiler plates; above the timber con- 
struction come several feet of concrete, which latter 

in is covered by a mound-of sand and gravel. 

e experiments proved how necessary were these 

recautions, for nothing could exceed the erratic be- 
viour of the pointed projectiles which were used 
throughout the trials ; some of them on striking the 
sand curved downwards, and buried themselves deep 
in the clay subsoil, while others took the opposite 
course, and rising upwards got clear of the sand, 
and strack the roof of the “ bay,” knocking off the 
boiler plates ; while two successive projectiles, strik- 
ing the roof in the same spot, not only knocked off 
the plating, but made a roe hole in the concrete 
above. e trials were conducted with the greatest 
care'and precision by Captain Morley, R.A., under 
the instructions of the president of the new com- 
mittee on heavy ordnance, General Gordon, C.B. 
In each round the weight of the projectile was mea- 
sured accurately, its position in the bore fixed 
exactly ; the pressures on the bases of the bore and 
the projectile ascertained by means of the Wool- 
wich crusher eyes very simple and useful mo- 
dification of the origi Rodman instrument, and 
oné which has been found to give remarkably accu- 
rate and consistent results—the velocities were mea- 
sured by Le Boulengé’s apparatus. [t was of course 
not always possible to ascertain the pressures on 
the base of the projectiles, for several of these 
latter have not yet been recovered. 

The programme of the trials was: Ist. To test 
the strength of the powder by firingan ordinary and 
a battering charge under imilar service 
conditions. 2nd. To fire a series of charges, with 
gradually increasing air spaces, 3rd. To fire two 
charges with the shot rammed home, but with the 





wad withdrawn to some 5 ft. from the point of the 
shell, and left in that position in as attitude, 
so as to test the correctness of Sir W. Palliser’s sup- 


tions re; g@ the cause of the explosion. 
4th. If the gun survives so far, to fire a double — 
consisting of an ordinary charge and common shell, 
a cay | charge, and Palliser shell, The first two 
ions of the trials have now been completed ; but 
with regard to the two latter and more important 
coattions ve bg Panes 04 — k that their 
ons ought to vi , for it is v im- 
probable that the will survive the effects of a 
carefully contrived jam, so that the effects of double 
loading may perhaps never be tested at all; which 


elsewhere, viz., that air spacing diminishes the pres- 
sure on @ gun, when no resistance but the inertia of 
the projectile has to be overcome, and when the 
powder is of the slow-burning description. Further, 
the greater the air space, and the less the resistance 
offered by the projectile, the less will be the powder 
pressure. In fact, it may reasonably be assumed 
that the cushion of air behind it, moves the projectile 
out of the gun, long before the charge has fully ex- 
ploded ; and the effective length of bore is virtually 
diminished by at least the amount of the air space. 





ELECTRIC LIGHTING, 

A FURTHER extension of the Jablochkoff system of 
electric lighting has this week been made from the 
central station at Charing Cross on the Thames 
Embankment, It will be remembered that rather 
more than twelve months ago that part of the Em- 
bankment between Westminster and Waterloo 
Bridges was lighted by 20 Jablochkoff lamps supplied 
by two Gramme machines, the motive power being 
one of Messrs, Ransomes, Sims, and Head’s portable 
engines of 20 nominal horse power. After some 
months, an extension was made to Blackfriars 
Bridge, the number of lamps being increased to 
40, and still more recently Waterloo Bridge was 
illuminated by ten lamps, which with five others 
fitted up in the board-room of the Board of Works, 
made the total number of lamps driven from the 
centre of Charing Cross no less than 55, and the 
length of conducting wires of over 18 miles. The 
latest addition was made on Monday last, on the after- 
noon of which day ten lamps, which had been fitted 
up in the Victoria Station of the Metropolitan Rail- 
way, were lighted. The space illuminated is 300 ft. 
long, 50 ft. wide, and 40 ft. high, The ten lights are 
distributed as follows: Over the down platform there 
are five lamps placed at equal distances apart; over 
the + ma there are four alternating with them, 
and there is one placed centrally against the bridge 
crossing the station ; all of these lamps are placed at 
a height of 13 ft, above the ground. The arrange- 
ment of the lamps is the same as that employed on 
the Embankment, and the candles are enclosed in 
opal globes 16in. in diameter. The ten lights are 
worked on the two spare circuits of the machines 
employed for illuminating Waterloo Bridge.. In 
brilliancy and steadiness the light within the station 
leaves little to be desired, although the pulsations 
and changes of colour, which hitherto have been in- 
separable from the are mt here as 
elsewhere. Of course any comparison between the 





which has been prevalent since. the experiment 
began seems rather to diffuse than to obscure the 
ligat. This is the first océasion, in connexion with 
the Embankment experiment, that the system has 
been seen to its full advantage. Un the Embank- 
ment and Waterloo Bridge a very large proportion 


of the light produced is lost by di ion, but within 
the Victoria Station almost the whole of it is 
utilised. 


One feature of remarkable interest connected 


madg | with these protracted trials is that the distance 


through which the current is transmitted appears to 
affect but little either, the power = to pro- 
duce the light, or its brilliancy, The engine at 
Charing Cross is now supplying power for sixty 
lights, and does not appear to be approaching the 
limits of its actual power. Indeed, a fourth battery 
of 20-light Gramme machines is now being _ up 
at the centre station, and will be in operation shortly, 
so that the engine will then be working 80 lights, 
and still a further addition is contemplated. With 
regard to the length of circuits, The distance from 
Charing Cross Station to Victoria Station is 2383 
yards, and the length of wire‘and connexions is 1.65 
miles, which may be taken as. the radius of a circle 
within which it has been shown to be easy to 
supply the currents from one centre; this must not 
be assumed however to represent the limit, and the 
experiment will shortly be made of lighting the 
Sloane-square Station of the Metropolitan District 
Railway. The wires for this last installation are 
similar to those used on the Tham@és Embankment, 
namely, acable of seven strands of copper wire of 
19 B.W.G. This cable is fixed along the side of 
the tunnel, and, as above stated, its length is 1.65 
miles, making the whole circuit 3.30 mileslong. The 
Société Générale d’Electricité, acting through their 
engineer, Mr. J, A. Berly, deserve much credit for 
the enterprise and ability shown in conducting these 
prolonged and constantly extending experiments, 
inaugurated hy the Metropolitan Board of Works. 


INSTITUTION OF CIVIL ENGINEERS. 

THE annual general meeting of the Institution of 
Civil Engineers, for the election of Council and 
officers for the ensuing year, will be held on 
Tuesday evening next, the 23rd inst. This will be 
the first election that has taken place since the im- 
portant change was effected in the constitution of 
the Institution, and a new class of members evolved 
out of the heterogeneous mass which had gradually 
accumulated under the title of Associates. Whether 
the change then made, was the best one possible, 
under the somewhat troubled state in which the 
Society found itself, and whether it will afford satis- 
faction to those most interested in the matter—the 
members themselves—remains to be proved by 
time. .One thing, however, appears abundantly 
clear, that there exists at present an element of dis- 
content, some expression of which is found elsewhere 
in our columns. We think we may fairly assume 
that hitherto this discontent has been chiefly confined 
to the hybrid class of members, the Associates with 
corporate rights. We maysay at once we consider that 
discontent on their part is to a great extent if not 
wholly, unjust, and that the only grievance a large 
proportion of the class has, is that it has been allowed 
to come within the Institution at all. By careless- 
ness or from some. mistaken policy, many persons 
were allowed to come within the present corporate 
rights who should legally have been kept outside 
the pale of the Institution, and these by the 
changes sanctioned last year were necessarily re- 
legated to their present position, unless they chose 
the possibly better course of retiring altogether 
and being received as Associates proper. It is 
fortunate possibly in the interests of the Institu- 
tion that this class isin a minority, though its 
leaven of discontent may very easily affect the most 
numerous of all the classes—that of Associate 
Members, One good result at all events comes from 
the changes effected last year, the Associates were re- 
legated as near as was possible to the position origi- 
nally intended for them, whereas had the wider, and 
we think more wholesome reforms so strongly urged 
been carried, they would have been insidentally 
endowed with the plumes of full membership. 

A more substantial grievance, however, does 
exist with reference to the nomination of the 
Council for each year. As is known, it is the cus- 
tom for the Council to prepare a list of names from 
which it is assumed the new Members of Council 











will be elected at the meeting, personal voting only 
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being recognised. Twenty-four'of the names on 
this list refer to general Members of Council, and of 
these fifteen are to be returned.- A large number 
of these names are those of Members of Council of 


long standing, the remainder being selected in some’ 


manner not explained, though rumour has it that 
resource is had to the same expedient which some- 
times relieves a puzzled jury in arriving at a verdict. 
The practical result of this arrangement is that year 
after year the majority of gentlemen returned are 
those of long standing in the Council, gaps made*by 
the retiring Presidents, or by deaths being in 
by outsiders. 


This mode of inspiring the election constitutes, e Th 


it appears, a real and very wide-spread gri 
amongst the members, and this grievance is 
all the more decided on the 


because the most numerous class of the Institution— 


that of Associate Members—is wholly unrepresented | Wiee 
on the house list. This grievance does not. fairly | Boat 


apply to the Assuciates with corporate rights for the 
reason we have above explained ; but it does ap) 

to us, and to a large body of the Institution, that 
the refusal to allow any representation of the Asso- 
ciate Members, is both unwise and unjust. Unjust 
for. obvious reasons, and unwise since it is already 
bearing fruit of an unwholesome kind. We are in- 
formed that an active movement has been set on 
foot to express the general disapproval of the house 
list, by ‘‘ running in” a member whose nanie 
is not on this list. Whatever value this movement 
may have as a practical expression of protest, it 
appeers to us that it may form a very dangerous 
and debasing prectdent, for supposing the effort to 
be successful, and the highly eligible gentleman 
now so earnest in vindicating a principle, to be 
elected, the future annual inl meetings -will 
probably be preceded by unblushing canvassing, 
which will reflect disgrace upon the Institution, 

We do not imagine that this effort will be suc- 
cessful, and we are heartily glad it has been set on 
foot, since it will doubtless awaken the Council to 
the reality of the risk to. which they are exposing 
the welfare of the Institution, 

In previous articles upom'this subject we pointed: 
outthe necessity of a reforniin thearrangement of the 
house list, and strongly adyiséll that the nomination 
of any member should be Jegalised by the bye-laws. 
All that would be necessary for such a nomination 
would be that the name of an 
election on the Council, submitted a certain time 
before the date of the annual meeting, and sup- 
posted by the signature of a given number. of mem- 

ers, should be placed on the house list, By adopt- 
ing such a course, a really tative Council 
would in time be formed, foe 3 ie. st: of in- 
discriminate touting for office avoided. If the 
members of the Institution have the true interest 
of their Society at heart they will quickly and 
effectually avert this danger, and secure the reform 
so urgently needed. 

In conclusion, we may repeat that we consider the 
experiment of forcing members into the Council, 
to be tried next Tuesday, is a dangerous one, 
dangerous to the Institution if it succeed, and to the 
gallant vindicator of principle himself if it fail. In 
this latter case, however, he will doubtless find 
consolation in the thought that his name will be 
enrolled on the long list of martyrs to reform. 








PRIVATE BILLS FOR SESSION 1880. 
TRAMWAY AND Gas BILLs. 

THE Lords’ report of last session upon tramways 
has doubtless brought that kind of undertaking to 
the front with many engineers whose business in 
other respects has lately been waning, and the 
result has been another considerable crop of those 
projects, but the number applied for last year had 
so cut the ground from under further competitors 
that little room was left for invention to play in, 
It may, however, now be assumed that-such of the 
55 applications for the ensuing session as affect 
new districts have swept the country clean throtigh- 
out, and all that is left for future irants will be 
local extensions, and the invention of some mode of 
dealing with the obstinate outstanding local 
authorities more effectual than any yet’ tried. It 
may, however, be pointed out to those bodies that if 

ways are to form the street travelling of the 
future, they had better make up their minds to 
select a route while the field is open to them, rather 
than have tramways thrust upon them willy-nilly 
by Parliament as in the case of ralhwig. e now 
continue our task, ing with metropolitan 


pa occasion, | ing jt 
‘ 


candidate for | j 


undertakings, The London Tramway Company ad- 
vertise a Bill for doubling several of their present 
single lines and mee ep | various away and con- 
nexions in parts of their existing system ; the routes 
afoot are the Borough-road, Lambeth-road, 
Londe , Westminster Bridge-road, Upper Ken- 














ningte@m-lane, High-street Vauxhall, Harleyford- 
peKennington Oval, Camberwell New-road, 
Brixtom-road, Canterbury-road, Camberwell-road, 


u , and High-street Peck- 
p+ {Lhe Act is also to contain provisions for alter- 
egulating the existing capital of the com- 


North Metropolitan Tramway Company’s Bill 
ipower the company to lay new lines in con- 
Wath various parts of their system and form- 
ions with existing tramways in Theobald’s- 
, High-street Islington, High-street Shoreditch, 
‘ic 4» Park-road, Cassland-road, Seven Sisters’- 
‘Burdett-road and High-street Leytonstone. The 
Act is to authorise the use of steam power, and to 
imable the company to purchase or take in lease the 
indertaking of the London Street Tramway Com- 
bany oF part thereof, and also to increase their capital. 

he South London Tramways Extension Bill is 
; D thorise the construction of twenty distinct 















bus besides a retinue of a’s and b’s describing 
ngs anc passing places which attend each separate 
number. e works are to commence in the 
ueen’s-road Battersea, near the entrance gates to 
ersea Park, and pass along that road and ter- 
at its junction with Wandsworth-road. 
ion starts from near the Wandsworth- 

road Station of the Brighton and Chatham and 
Dover Railway, ene along Wandsworth-road, 
Lavender,Hill, St. ’s Hill, and East Hill, where 
it terminates opposite Alma-road. Another begins 
again in Falcon-lane at the foot of Lavender 
Hill, 8 slang: Keocnnes and terminates by a 
i on. with company's authorised line in 

attersea, Park-road. 

a junction with the company’s authorised line in 
Battersea Park-road, p: along i 
ting in Bridge-road, near’ Bat 
further line starts from the com 
line near Plough-lane Battersea, 
Bat and 






er 


andsworth, 
terminates at the junction of that street with High- 
street, Wandsworth. seems to he the most 
comprehénsive scheme’ of' the ensuing session re- 
lating to-metropolitan tramways; we reckon the 
distance covered cannot be less from five to six 
tniles, ‘The North-East MetropolitanTramways Pro- 
visional Order is to authorise the construction of 
works commencing near Betts’ Brandy Distillery in 
St. John-street, Clerkenwell, passing along St. John- 
street and St. John Street-road, Pentonville-road, 
Penton-street, Barnsbury-road, Richmond-road, 
Hemingford-road, the Roman-road, and over the 
North London Railway, St. James’s-road, crossin 
the North Metropolitan tramways in LiverpotLsted, 
running down Palmer-place, and crossing the same 
tramway in Holloway-road, passing along Drayton 
Park, the Benwell-road, under the Great Northern 
Railway arch, along the Hornsey-road, the Isledon- 
road, crossing the Seven Sisters’-road and the North 
Metropolitan tramway to Fonthill-road, again from 
Drayton Park over the Great Northern Railway 
along the Gillespie-road, Blackstock-road, Seven 
Sisters’-road, over the New River Company’s bridge, 
and under the Tottenham and Hamps Junction 
and Great Eastern Railways, along and terminating 
in Green Lanes, ‘Tottenham. 

The St. Pancras Tramways undertaking is a very 
modest affair, although, like its brethren, the descrip. 
tion of the works is divided into sections. The first 
portion commences at King’s Cross, opposite Liver- 
pool-street, by forming junctions with the southern 
and northern rails of the London Street Tramways 
there, and passes thence, in conjunction with sub- 
cae hea along the Gray’s Inn-road, to and along 
Theobald’s-road, in which it is to terminate. The 
second portion is to form similar junctions with the 
London Street Tramways at their termination in the 
Hampstead-road, passing thence along Enston-road, 
and Teme, he connexion with the rails of the 
London Street ‘T ways, nea the entrance gates 
to — ae Northern King’s Cress omy 
notice i es running powers 8 
over the North Metropolitan and London Street 
Tramways. The order is also to enable the pro. 





sidings and places 
The Holdenfeld Corto 


moters to form junctions in Theobald’s-road with 
any other tramways that may be authorised there in 
‘the ensuing session, which seems rather an unde- 
finable and novel provision. 

The Bayswater, Marylebone. King’s Cross, and 
Islington Bill is te incorporate a company, and 
authorise the construction of thirteen ons of 
tramway, which commence in Pentonville-road, 
Clerkenwell, join the North Metropolitan line in 
High-street, Islin , and the London Street Tram- 
ways in Pentonville-road, pe along Euston-road, 
Marylebone -road, form 0’ junctions with the 
London company in and pass along Ham 
road. Other sections aré to be laid in Penton- 
— King’s Cross-road, Swinton-street, Gray’s- 

-lane, ecby -sireet, Argyle -square —t 
grave-street, Manchester-street, + vmetane 
sections forming two junctions with she ecbaons 
in Euston-road. Others traverse Edgeware-road, 
Paddington Green-road, Harrow-road, Queen’s-road, 
Bayswater, Bishop’s-road, Eastbourne-terrace, and 
Praed-street, from whence there is a line to Chapel- 
street. 

The Edgware-road Grooveless Tramways Pro- 
visional Order is to authorise the construction of 
works which commence at the junction of Edgeware- 
road with Uxbridge-road and Oxford-street, and 

roceed thence along and terminate in the 

ware-road at the station of the Hamp- 
stead Junction Railway. This project stands alone 
among metropolitan tramways in three respects : 
First, it is a straight line from end to end; 
secondly, throughout its route the tramway is no- 
where within the prescribed distance of the foot- 
path ; and, thirdly, the rails to be used profess to 
avoid all interference with other vehicular traffic, 

The Brentford and Isleworth Company, who ex- 


perienced considerable difficulty in carrying their 
Act of last year for so much of the then — 
, te ill to 


tramways as they got, have given notice for 
extend the authorised lines to Heston, Isleworth, 
and Twickenham, which seems practically to effect 
much the same ends as the rejected portions of 
last session would have done. The Bridge, 
Leyton, and Walthamstow Bill is to incorporate 
& company and authorise tramways from a point 
in the Claptdasroad adjoining the Lea Bridge 
branch of the North Metropolitan Tramway Com- 
pany through parts of the a of St, John, 
ackney, Leyton, and Walti tow, to a t in 
the latter parish near the Rising Sun public- , 

The tramways to be sanctioned by the Woolwich 
and Plums Provisional Order consist of two 
main sections; No. 1 is to commence at the north- 
western end of Beresford-street, Woolwich, 
along that street and across Beresford-square into 
and terminate at a point in Plumstead-road near 
St. Nicholas Church, and No. 2 begins near the 
north-western corner of Hare-street, Woolwich, 
passes along Powis-street, and forms a connexion 
with No. 1 in Beresford-square. 

We now leave the metropolis for the manufac- 
turing districts, beginning with Manchester, from 
whence the Manchester Carriage Company, Limited, 
and the Manchester Suburban Tramway Company 
are applying for an Act to amalgamate the undertak- 
ings of those companies, with powers to the united 
companies or (failing amalgamation) the tramway 
oe construct further lines, 

The Liverpool Tramways Bill is to give effect to 
an agreement between the Liverpool United Tram- 
ways and Omnibus Company and the Corporation of 
Liverpool for the purchase of the company’s lines of 
tramway, and the subsequent leasing of them by 
the corporation to the company; the Act is also to 
oe all the tramways, > ee aa of the — 
orporation Tramway er, 1879, as to Pp 
for labouring classes, to authorise the use of: 
steam power and the construction of new tram- 
The 

Birmingham and Aston Tramways Pro- 
visional Order is to authorise lines along Dale End, 
Stafford-street, Aston-street, Gosta-green, Coleshill- 
street, row, Woodcock-street, Aston-road, 
Wilton-road, Bevington-road, Trinity-road, and 
Queen's road, in the es of Birmingham and 
Aston. The Bristol Company are applying to the 
Board of Trade for extensions in tol and the 
use of steam power. Bradford Corporation Provi- 
sional Order is to authorise iy yamine including 

in , 
ration tender a Bill for the 
construction of tramways to be worked by’ 





this Bill besides also extending to matters affecting 
the general seerctementel the baron The under- 
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taking to be sanctioned by the North Stafford- 
shire Tramways Provisional Order is about eight 
miles in length, and connects the towns of 
Hanley, Burslem, ‘Tunstall, Wolstanton, and 
Longton together by that means, and to be worked 
by steam power. e Sunderland Tramway Pro- 
visional Order is merely to authorise the use of 
steam power on the company’s lines authorised by 
the Order of 1878. eee 

The Derby Company are also making a similar 
application with reference to lines authorised in the 
present year, The Staffordshire Company's appli- 
cation for the same purpose includes running 
powers over other lines, and the sale, lease, or 
transfer of their undertaking to the Wolverhampton 
company. 

Applications are being made to the Board of Trade 

for authority to supply the county towns of Here- 
ford, Worcester, a teed while the Cambridge 
company, having got the upper hand of their 
opponents last year, are now applying to extend 
their lines over the grave of the other undertaking. 
The recreation towns included in the present list 
are Bath, Cheltenham, Folkestone, Sandgate, and 
Hythe and Hastings, while the Ramsgate and 
Margate Company are applying for deviations and 
extensions of their authorised lines. 
The other towns and places affected 3’ 
way appliations are, Alford and Sutton, Burton-on- 
Trent, ton district, Blackpool, St. Anne’s-on- 
the-Sea and Lytham, Birkdale and Southport, 
Coventry and Nuneaton, Croydon, Cardiff district 
and Penarth Harbour, Carlisle district, Dudley, 
Sedgley and Wolverhampton, Gateshead and 
South Shields, Ipswich, sms Merthyr, North- 
ampton, Preston, Peushenone®, South Shields, 
Stockton-on-Tees, Withington, Walton-on-the-Hill, 
Warrington and Walsall and district. 

In passing from the tramway schemes we would 
point out that their success depends more upon the 
consent of the local authoritiesgoverning the districts 
affected, than upon the tribunal whose sanction the 
promoters apply for, the Board of Trade being 
powerless, and Parliament obdurate, as to anything 
adverse upon that point. 

The next applications in order of precedence are 
those relating to gas and water; we will deal with 
gas first. The notice headed “ Gaslight and Coke 
Company” is not as mig ht, naturally be expected 
from its title, on be of that company, on the 
contrary it is against them,’and at the instance of the 
Corporation of London, the object being the alter. 
ing or repealing existing provisions of the company’s 
Acts as to testing and testing places, and to make 
more effectual provision for testing the purity, 
pressure, and illuminating power of gas supplied 
within the City, and also to impose new penalties 
for deficiencies in those respects, 

The notice relating to the Chartered Company, 
the Commercial Company, and the South Metro- 
politan Company is promoted in the same interest 
as the last, and the Bill is to alter, and if need be 
repeal the Metropolis Gas Act, 1860, and the 
City of London Gas Act, 1868, and to alter 
the confirmed scheme of 1 agree relating to 
those three companies. It is also to contain special 
powers and provisions in relation to illuminating 
power, pressure, and purity, and the testing of the 
same, and to alter the existing state of things as to 
penalties and forfeitures. Both these notices are 
signed by the City Remembrancer. The London 
Gaslight Company seek power to purchase or 
hire, and to use, let, and sell gas and gas fittin 
engines, stoves, pipes, and other appliances for 
warming, lighting, and ventilating houses, cooking 
food, motive power, &c., in accordance with the 
precedent now generally established among gas 
companies. 

The South Metropolitan Company's Bill is to 
enable them to purchase some land at Greenwich, 
and to erect further works thereon. The Phonix 
Company are making a similar application for land 
in the same parish. The other Bills and Orders 
applied for affecting gas relate to Ackworth, 

eartherstone, Purston and Thurleston, the British 
Company, Conway, Chester, Chichester, Denton 
and Haughton, Dartford, Eastbourne, Garstang 


Hyde, Holywell (British a Company) 
Hinckley, Halstead, iverpool United 
Company, Longeaton, Lincoln, Malton, Maidstone, 
Prescot, Reading, Trowbridge, the Wandsworth 
and Putney Company, and the Yeadon and Guiseley 


the tram- 


The consideration of Water and Sewage Bills we 
must postpone until next week. ° 


: naval officers, but 


THE TURRET OF THE 








THE “HUASCAR.” 
ublished last week an interesting engraving 
uascar, showing the injuries she received in 
her recent battle with the Chilians, taken from a 


WE 
of the 


well-drawn sketch made by a Chilian officer. On 
the same day a contemporary published an engrav- 
ing of the same side of the vessel, professing to 
have been supplied by Captain S. B. Luce, United 
States Navy, to the United States Army and Navy 
Journa!, 

The contrast between these two sketches is very 
striking and amusing, and a comparison of the two 
will show at once that one or other of them must 
be due to a lively imagination. In our engraving 
the Huascar is shown damaged by a number of shot 
or shell holes—seriouslyit is truae—but pot tosuch an 
extent as to prevent her being easily got ready for 
service again. In that of our contemporary the 
case is entirely different. The turret instead of 
being ag tay wry in a couple of places is 
shown to be shot away, other shot holes are of 
enormously exaggerated size, and all the upper 
works at the after part of the vessel are shown as it 
were nibbled away in a manner that is as absurd as 
it is inaccurate. 

We have no right perhaps to set up mere assertion 
of the substantial accuracy of our own engraving 
against that of Captain Luce, when both came from 

yond the evidence of absurdity 
it carries on the face of it, we have a positive proof 
of the incorrectness of the sketch copied by The 
Engineer from the United States Army and Navy 


Journal on the authority of Captain Luce, 
United States Navy. That sketch shows the turret 
half shot away. e happen to have a photograph 





of the turret taken after the action showing the 





IRONCLAD “HUASCAR.” 























guns and one of the shot holes, and it proves con- 
clusively, if proof were needed, that nothing like 
the destruction indicated by our contemporary has 
taken place. We annex an engraving carefully made 
from the photograph, We have felt bound to draw 
attention to this contrast between two engravings 
professing to show the same thing as a curiosity in 
periodical literature seldom equalled. 

The Illustrated London News has also published a 
sketch of the Huascar after the action, which so far 
as-it goes strongly corroborates and confirms our 
own. We should be sorry to have to believe that 
the unarmoured of a ship could be cleared off 
wholesale as shown in Captain Luce’s sketch. It far 
surpasses the worst apprehensions of those who dis- 
believe in the safety of the Inflexible. 





THE AMERICAN “NEEDLE.” 

WE learn from Alexandria that the Americans 

have completed the first step in what the local 
style ‘‘the act of Vandalism of removing the 
tely standing ‘ Cleopatra’s Needle.’ ” 

The apparatus adopted for bringing the needle 
into a horizontal position was identical in principle, 
but different in detail, with that contrived by Mr 
John Dixon and Mr. B. Baker for erecting the 
English needle. In both cases the jacket and 
trunnion principle was adopted, but the materials 
and. the strength diff widely. Thus, the 
English engineers used a wrought-iron jacket of 
such a length that the irreplaceable stone would not 
be subjected to a greater transverse bending stress 
from its own weight than about one-fourth of the 
estimated breaking stress, whilst the Americans used 
a short cast-iron jacket with a consequent strain of 
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BRIDGE OVER THE ZWARTKOPS RIVER, SOUTH AFRICA. 
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DRUM GUARD FOR THRASHING 





MACHINES. 


CONSTRUCTED BY MESSRS. CLAYTON AND SHUTTLEWORTH, ENGINEERS, LINCOLN, 








nearly double the 


monolith. 


amount upon the granite 
Again, the wrought-iron jacket itself 
was strained to little more than one-third of the 


ultimate strength, whilst apparently the stress upon 
the other was dangerously near it, as one of the cast- 
iron plates broke when the needle came over. 

It is stated that in consequence of an error in 
estimating the position of the centre of gravity, the 
needle swung round by the run, and carrying away 
the two back tackles provided to control, it was only 
checked by a platform of planks which had been 
built up crosswise to receive it. No harm, however, 
was done, though a serious accident at the moment 
appeared inevitable. 

_ Lo prevent the needle from sliding in the jacket, 
eight tie-rods connected the latter with four small 
rolled joists passed under the obelisk. As these 
joists were placed flatwise they bent much under the 
weight, and there was a good deal of trouble in 
clearing the needle of the pedestal. 

_ It is understood, but we have no certain informa- 
tion of the fact, that a wooden caisson will be built 
around the needle, and that the whole will be 
launched on slips in the usual way, and be towed 














round to Alexandria Harbour, there to be put on 
board a steamer for transit to America. A Cairo 
paper states that an old Egyptian steamer has been 
purchased for the purpose for the sum of 6500/. 


THRASHING MACHINE DRUM GUARD. 

We publish above an illustration of Messrs. Clayton 
and Shuttleworth’s drum guard for thrashing ma- 
chines, one of which was exhibited at the recent Smith- 
field Show. The hood covering the feeding hopper is 
held in position by the pressure exerted on one of its 
bearings by the spiral spring behind it, the tension on 
which may be varied by means of the thumbscrew. The 
hood is connected by a rod to a folding feeding board, 
and slots in this rod allow of an adjustment in the angle 
of the hood, and of the width of the feeding board, 
which can be raised higher or lower, the jointed castings 
on which it rests being provided with slots. Any pres- 
sure on the back or side of the drum hood, or on the 
feed board, will cause the hood to fall, and cover the 
feeding mouth. Small platforms are also placed at each 
end, so connected with the feeding board that any one 
stepping or falling on them will trip the hood, and cause 
it to shut. When closed, the feed board is locked fast, so 
that the hood cannot be raised accidentally, but must be 
lifted by hand. 





BRIDGE OVER THE ZWARTKOPS RIVER. 

Tuts bridge, of which we annex an illustration, and 
which was opened for traffic on the 27th of September 
of this year, is on the main road between Port Eliza- 
beth and Grahamstown. It crossés the Zwartkops 
River about seven miles from Port Elizabeth, the 
mercantile centre of the eastern province of the Cape 
Colony. It has been built to replace Rawson’s Bridge, 
an old wooden structure which collapsed some years 
ago, The superstructure consists of three spans of 
wrought-iron lattice girders each of 100 ft. from centre 
to centre of cylinders, about 11 ft. deep and placed 16 ft. 
apart in the clear, with wrought-iron cross girders and 
runners carrying a platform of teak 6 in. thick, on which 
are placed wrought-iron track plates to guide the wheels 
of the bullock wagons. A light hand-rail of T-iron up- 
rights fixed to the lattices of the main girders and to the 
timber platform, and connected longitudinal bars, pro- 
tects the sides. 

The foundations, which have demanded great care and 
attention owing to the nature of the bed of the river, are 
composed of wrought-iron cylinders 5 ft. in diameter 
filled with cement concrete, two to each pier and abut- 
ment, The cylinders were sunk by means of divers, and 
were heavily loaded before the main girders were placed 
in position. 

The main girders were erected on a temporary stage 
built on the south beach of the river, then floated out, 
each on three barges built for the purpose, and finally 
raised into position by means of the tide. These operations 
were successfully conducted without any hitch pr 
accident. 

The designs and working drawings were prepared in 
the colony for the Public Works Department, of which 
Mr. Fforde is the much esteemed chief inspector, by Mr. 
W. M. Grier, the engineering assistant to the department. 
On wag Grier also devolved the task of carrying out the 
works. . 

The ironwork was constructed in England by Messrs. 
Westwood, Baillie, and Co., under the superintendence of 
Mr. G, Berkley, the consulting engineer of the Public 
Works Department of the Cape of Good Hope. 





NORTHERN IRON TRADE IN 1879. 

Wiru the close of the year the facts usually accumulate 
which enable a judgment to be formed as to the output 
of the different iron-producing districts, and as to none 
is there more interest than that of the North of England, 
which is the largest of the crude iron-producing districts, 
and which still takes high rank amongst the manu- 
factured iron producers of the country. The year 1879 
has been one of the most varied years that the iron trade 
of the North has known in its short but eventful history. 
There has been no year in which so great a change has 
been known in both the crude and finished branches of 
the trade; and none which has commenced with greater 
gloom or ends with more hopeful prospects. It is true 
that have been brought about in part by a disuse 
of the facilities of production; and that the fall in the 
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prices has most materially assisted to bring about first 
that disuse and next the revived demand. It is satis- 
factory to find that the fi of output and of export 
show that the cure has apparently effectual, and 
that production having been brought below the level of 
the output, there has been a reduction of the output 
which has materially contributed to the restoral of con- 
fidence and to the more nngerae state of the affairs of 
the trade that the figures we shall present show to have 
been brought about. 

There is a very la nge falling off in the production of 
crude iron in the North of England, it is already evident, 
and that falling off it is probable will be to the extent of 
800,000 sian, teat! is to say, the output may be expected 
to be at least that amount less than that of the output 
for last year. The output, it may be said, was for 1870, 
1,695,877 tons ; and it rose year by year, reaching in 1877 
the maximum of 2,138,378 tons. The output for 1878 
showed a falling off to 2,023,177 tons, and that for the 
present year may be expected, according to the monthly 
returns of the ironmasters, to show a reduction such as 
we have above indicated. That reduction was of course 
contributed to by the strike of the Durham coalminers, 
but that strike commenced the declension in the stocks 
of pig iron in the hands of the makers which had risen 
oe tons in 1872 to 337,337 tons at the end of 

878, with a farther large increase in the early months 
of the present year. The large increase in the stocks 
of pig iron, and the gloomy prospects of the trade in these 
early months, brought about such a reduction in the out- 
put that a rece as ee stocks was bd wane for the 

roduction was consumption. It may be added 
thatlast year the shipments of pig iron’were on a very high 
scale—the quantity sent from port being 

782,886 tons. But large as were these shipments they 
are being exceeded by those for the present dy a 
in part to the for the U States. Last 
the Middlesbrough af pig iron were ro 
those to Se with 554 tons; with 58,740 tons to 
Wales; whilst of the foreign customers 96,801 tons were 
sent to Germany ; 72,280 tons to Holland; 61,297 tons 
to France, and smaller quantities to other countries 
up the coastwise s' 
foreign to 337,559 tons. During the year 1879, the ship- 
ments to Scotland have fallen off, though not very 
seriously, but there has been a marked advance in the 
exports of iron, partly in consequence of the shipments 
to the United States. Already the total shipments of 
pig iron from Middlesbrough are 40,000 tons in excess 
of those for last year, and a slight further addition will 
be made. During the early months of the year the 
German shipments were much above their average, and 
recently those to the United States have more than 
counterbalanced the German loss, 

Looking at the shipments of crude iron from Cleveland, 
it is noticeable that the decrease in stocks has been most 
marked in the months in which there has been an in- 
crease in the shipments—the three abnormal months 
during the period of the miners’ strike being exceptions. 
Hence the conclusion may be drawn that the cons 
tion of iron for local malleable purposes has been pres 
—steady, that is, in comparison to the output. As fete 
were laid idle the yivbenten of crude iron was also 
lessened ; and in the later months as the forges are being 

ut into operation the number of furnaces in blast is 
boing increased. Gradually the total production of iron 
in the north-eastern district is being raised, of Cleveland 
pig, of hematite, and of finished iron; and there is not 
any marked poy ear baer in the increase of the three 
classes. As to the price of pig iron, itis generally known 
that from the low average of last year, and from the 
price attained at the beginning of the present, the rate 
for No. 8 Cleveland pig declined until it fell to about 
32s. 6d. per ton—a price hitherto unknown, and though 
the strike caused a temporary rise, after the resumption 
ofs»work there was a retreat to that low figure. The 
American demand sent up prices rapidly, until 50s. per ton 
was reached, but the sw 
itself, prices fell, and though tne tendency is now up- 
wards, it is through a more legitimate channel, for the 
cost of production is rising, and the local demand is 
much greater than it was. 

In finished iron there have been tolerably similar 
movements. Prices continued to fall from the beginning 
of the year, and the lowest ebb was reached just after 
the close of the Durham miners’ strike; but recently so 

= and so large an improvement has set in that the 
ce of plates is more than 3/, per ton above what it was 
y the middle of the year, whilst the, prices of other 
classes of manufactured iron have risen in proportion. 
And this is not solely because of the enlarged demand, 
but also in part because of the lessened competition in 
the trade. There has been only a very slight increase 
in the cost of production during the increase 
wholly re ted by the addition to the Price of pig, so 
that it may be said that the manufactured iron trade 
with present prices and present cost is an eminently 


profitable one. Indeed, one of the main changes which a 


the later months of the year have witnessed, is the 
changing of the whole iron trade of the North from an 
unprofitable and frequently a losing one to one that at 


the worst allows a moderate profit, and frequently allows } 


a very large profit. There has been only o very slight 


fluence having spent | }, 





increase in the cost of wages—raw materials are shown 
to be at the lowest ebb in prices, and to be only now 
rising; and all other items in the cost of production 
have been similarly low. It is true that the cost of pro- 
duction may now be expected to rise; and it is also true 
that in some instances where long contracts have been the 
rule, the coalowner or ironmaster has not yet reaped 
much benefit from the high rates that now rule; but 
every day removes some of the contracts at the old and 
low prices; and the position of the employer is growing 
better. Hence in these respects the northern iron trade 
has known a marked benefit during the year, the cost of 
production and the ratio of the output to the consump- 
tion were each brought to the level; and now that 
demand from sevoral quarters has shown itself there 
is the need for an enlargement of the area of production. 

The prospect before the iron trades of the North is 
certainly greatly improved. Whether or not the demand 
from the United States will continue for another year it 
is impossible to say, but the probabilities are that it will, 
though it is possible that the form or the extent of the 
demand, or both, may be changed. _ But it is certain that 
orders have beetr pasta which at the least will materially 
further reduce the stocks of crude iron in the North, or 
make an extended output possible. There are also con- 
tracts for vessels placed which will most materially swell 
for months to come the demand for shipbuilding iron, 
and keep the plate mills busy,. And briskness in the 
shipbuilding trades means much, for 75 per cent. of the 
finished iron produced by the associated makers of the 
North of Eng’ takes the form of plates and angles, and 
hence for local malleable purposes there will be a 
demand for crude iron. And with the briskness in the 
subsidiary trades of the North, there should be a fuller 
demand for bar iron, so that the manufactured iron trade 
will know a season of comparative prosperity, and with 
it there will be a fuller demand on the crude iron trade. 
Beyond this it is impossible to glance at the prospects, | usual. 
for the future only can reveal its lineaments. 

Something has been done in the Neg faring 3009. to 
make successful the QOleveland stéel ~t0, 80lve 
the metallurgical of the age. have been, 
it is well known, slight mechanical difficulties interposed, 
which have prevented the complete success that had 
been hoped for, or, perhaps more properly speaking, de- 
layed it. It is certain that those who have seen the 
method adopted, and those who have judged of the pro- 
duct, have concluded that that product—that the metal 
produced by the Thomas-Gilchrist process, is in every 
respect satisfactory, and it seems to be concluded 
that not only has scientific, but financial success been at- 
tained. When the mechanical difficulties we have alluded 
to are overcome, and we have the full details of cost, &., 
we shall be better able to estimate the probable results 
of the solution of the problem on the iron trade of the 
North in the future. pes cat it is satisfactory to no- 
tice that in the year of the deepest depression something 
has been done towards its removal in this method. The 
year 1879 has been marked in the northern iron trade by 
heavy failures of some of the firms that had been thought 
the most stable, and the effect of the failure of Lloyd 
and Co., Hopkins, Gilkes, and Co., and the Skerne Iron 
Company, will be long remembered, But it is satis- 
factory to find that now that the worst has passed, there 
is a probability of the revival of two of these companies ; 
and that the furnaces of the third, with others of the 
closed works of the North, have been purchased, and will 
soon be placed amongst the operative works of the North 
again. It is possible, and perhaps probable, that the iron 
trade may not have a prolonged lease of vigorous life for 
its manufactured branch, but whilst it has its present pros- 
perity, the North will largely benefit by it. 





LIABILITIES OF EMPLOYERS TO THEIR WORKMEN.— 
A conference has been recently held in Southwark to 
consider the best means for successfully carrying through 
Parliament a Bill to amend the laws relating to the ane 
of —— for as oe in respect to injuries sustai 

y their servants the chairman, u: that 
on the oe ate dane ad LO of an oe wor! men 
ress on the dates 

pre ae a of the 3 "He polated out that, in both 
Houses of ue of the a self interest of mine, coal, and manu- 
facturing proprietors ‘would cause great opposition to any 
measure in favour of the operator or miner. On the 
Continent, and even in Scotland to a very recent date, a 
workman could recover compensation, and it was only in 
England that the working man was deprived of his legal 
eon A committee was formed to carry out the objects 
of the conten’, and a resolution was passed to the effect 


that = ae law, which exempts sie Oy tote —s 

iat al njarien gen cnet ere 

- &.. unj employed, 

judicial ie best interests of the em and Pre 

frecting fa itself to use all legitimate means 

to obtain its repeal, and at the same time to use all 

eatery wage wap Bi ays yr for election to 
liament to secure the objects of the resolution. It is 


are employed, the general result of the next election will 
epend tly on the attitude of the candidates in re- 
ference to the question of the liability of the emplo to 
the employed. In our last volume we wath tnaiode @ 
the various measures to settle peg pee th 
the late session, Meith qunorel reutatis on its 
important aspects 


good noone have not profited by 





THE INSTITUTION OF CIVIL ENGINEERS. 
To tue Eprror or ENGINEERING. 

S1r,—I would ask the third and fourth class members of 

the Institution of Civil Engineers to consider whether it 

is to their interest to allow the handful of men com 


the Council to continue carrying everything their own way. 

am what they are pleased to dub an Associate with ssapease 
rights, or, in other words, a fowrth-classmember. Former! rly, 
that is, before the days members, I was a thi 

class member, and the rights of such were not then 
— Yet three o that class were returned yearly 
as Members of Now, when it is clear the Council 


ht, legally speaking, be com entirely of associates 
wit corporate rights, those in my set up their backs 
and are entirely excluding all but what they call Members 
from the house list. 

I consider this radical ¢ not only unjust, but also 
arrogant and undignified. wish it understood I have 
never asked to be transferred from the class I have been 
a: in, nor haveI ever been a candidate for the Council. 

herefore, Iam, so far, quite disinterested. But when 1 
ae how shan ey men are kept down by a so- 

dy in whose election not more than 
er Sne-tenth oft he members of all classes ever take part, 
| bre seems to me the time has arrived when some change for the 
= at pesagnally be attempted, by i new blood 


P.S.—The electi ae Jxoronarr. 
—— on uw an at- 
tendance of voters is needful. . 


December 17, 1879. 





To Tue Epiror or ENGINEzEER ING. 
Sir, ~That the or of the Institution of Civil Engi- 
ed yh lr the oeting of 

wy Ser e Vv e mee 0! 
Toon t was ae the nomination 
list wo i'n inelude the name of wy, at a of those who 
have endeavoured to introduce a more liberal —_ into the 
sigh = Heeegy of the Institution, bu t in this, as 


bon Sot 
gover ut y_undertiby the “cory om 


to inceea ee election of new members, 
two wee) ae names eal ——* returned. 
Tam, Sir, yours obediently, 
December 18, 1879. PROGRESS. 


—_ 


To THE EpIToR or ENGINEERING. 
Sr1r,—If any there dg m5 — a year ago failed to realise 
the force of what ~ and so strenuous) 
urged in your leading = as to the direction whic 
should be given to the efforts for or = adminis- 
tration of the affairs of the Institution, I a glance 
at the “house list,” which has just been issued, must ~ 

serve to convince them, of the soundness of the 
views you _ throughout expressed in regard to this 


important matter. 

There is pe the fact that there exists at present 
a very general and feeling of dissatisfaction 
and annoyance amongst Members (I use the word Membe rs 
of course in its corporate sense) to find the principle of a 
fair and true representation of the > 80 
utterly dis in selection of names to be met with-in 
the present “ house list.’’ 

It would be easy to show that it is not fairly representative 
of even the uppermost class of members, but what as 
regards the multitude of other subordinate classes which 
recent c ve into the Associate 
Member, the Corporate Associate, and that most Goede 
and unsubstantial of all classes, the Incorporate Associate ? 
Where do we find them represented on the present Council 
list ? Where for instance, on the Co , is there now 
the fitting equivalent for the valuable services heretofore 
rendered by the leading railway managers and adminis- 
trators of our time, whese varied and valuable e eee 
and enlightened and go-ahead views were so 
- udgingly given, in furtherance of the true pe Brn 

objects which the Institution was intended to serve ? 
Where on the Council are the representatives of the 
ability and genius of the yo and rising generation 
of engineers to whom we must look to carry on the future 
of our profession. From a reference to the ‘‘ house list’ 
it will be seen _ they are <- oS fact simply conspicuous 


by their absen ow it will be said by those already 
serving on the Council, that they represent all classes of 
the profession! I however demur entirely to the justness 


of this view; depend upon it, to make the Institution 
what it ought to be, what it was intended to be, and what 
it must be in fact, if it is to hold its true place amongst 
other institutions of the kind in this country, our Council 
must be fairly and truly a 0 ae doo one, and not be 
drawn solely from one class. It must con- 
stantly have new blood ee Pe into i it, and further, it should 
not be, as it is now, | ed upon as the final goal and 
} aoe refuge for all hee grey-headed members of the pro- 
ession. 

In the Council, along with the age and experience of the, 
elders of the rofession, we ought to have : substantial 
embodiment of all the vigour, jr h, and ability we 
possess eonensy cue stag Galea ion of engineers. ’ 

Most of all should we avoid the perpetuation of these 
engineering cliques, yeh would confine the selection of 
the Council within the narrow family circle of Great 


this real and growing 


but that which 
ve throughout Lo 4 and that is fo modify 
wean of the ‘* house list.” : 
In the case of the AB an dng Henge J 
to cliqueism in an attempt whic 
is being made to introduce into the another of the , 
already numerous family of the busy ‘‘B’s,”” who certainly © 
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lose no opportunity of improving the shining hours that 
pont ve other always seem to fall to the lot of Members 
f Council. 
: In all seriousness, however, it behoves those who have the 
true interests of the Institution at heart to put an end to 
what, if not at once checked, must, from jts tendency to 
increase the existing action amongst the different 
classes, inevitably result in a total break up of the Insti- 
tution. 
I am, Sir, your obedient servant, 


Westminster, December 18, 1879. 


NOTES FROM THE NORTH. 
Guaseow, Wednesday. 
Glasgow Pig-[ron Market.—Last Thursday’s wae 
market was somewhat excited over the appearances of ber 
meeting of the miners held on the previous day, an 
a considerable amount of business was done on Rowe 
lation as to the results of the same. Prices rose in 
the early part of the day from 58s. 9d. fourteen 
days to 59s. 6d. cash, buyers over at the close at 
the higher figures and at 59s. 9d. one month, and sellers 
asking 14d. per ton over. There was a slight weakness in 
the afternoon, and prices declined from 59s. 6d. to 59s. = 
cash, and from 59s. 9d. to 59s. 6d. one month ; and bu 
the close offering 59s. 3d. cash and 59s. 6d. one month, 
sellers 13d. over, being an advance of 9d. over Wednesday’s 
close. The market opened very firm on gee asthe appear- 
ance of the dispute in the mining trade, coupled with the fact 
of the men being still idle, caused considerable fears of a com- 
plication in theirontrade. There were transactions during 
the forenoon at from 60s. to 59s. 9d. cash, and at 60s. 3d. 
one month, the market closing with buyers at 59s. 103d. 
cash and 60s. 1d. one montii, and sellers near. a 
noon from 59s. 10}d. to 59s. 9d. cash and from 60s. 3d. 
60s. 14d. one month were the quotations. Sellers - a 
at 59s. 9d. cash and 60s. one month, and buyers were near, 
these prices being 44d. under the previous day’s closing 
rates, and an advance of 6d. per ton over the week. The 
opening was quiet on Monday, and a reduction of 3d. per 
ton was made early, but there was an improvement sub- 
sequently to the extent of 6d., which, however, was again 
lost, res f the final quotation was 3d. "under Friday’s close. 
There was a pretty general suspension of coal mining on 
Monday, but some of the men signified their intention to 
return to work on the on wa day, and the a 
of that fact slightly weakened the market towards t 
close. Business was done during the forenoon at from 
59s. 6d. to 60s. cash, and from 60s. to 60s. 44d. one month, 
but the market closed with sellers at 59s. 10}d. cash, and 
at 60s. 3d. one month, and buyers offered 14d. per ton 
less. In the afternoon from 59s. 9d. cash and 60s 
59s. 9d. one month were the quotations, and the close 
was—buyers, 59s. 6d. cash ety 59s. 9d. one month, and 
sellers 14d. over. Yesterday’s market opened somewhat 
duller at 6d. per ton of decline, but subsequently improved. 
After touching 44d.above Monday’s close, that sum was lost, 
and prices closed the same as on the age ae In the 
forenoon business was done at from 6d. cash, 
and from 59s. 44d. to 59s. 9d. one month, closing sellers at 
the higher figures, and buyers near. The aren gaged in the 
afternoon were from 59s. 103d, to 59s. 6d. h, and from 
60s. 1éd. to 59s. 10}d. one month, sellers at ¢ the close ask- 
ing 59s. 9d. cash and 60s. one month, and ;buyers offering 
59s. 6d. and 59s. 9d. cash and one aoe respectively. 
There was a quiet market this for , and was 
done at 59s. 74d., from which there was a gradual improve- 
ment to 60s. fourteen days, and the close was 60s. cas — 
and rather buyers over. Business was opened in the 
noon at 60s. 3d. cash end of year and 60s. 2d. prompt, "7 
the price steadily improved to 60s. 74d. cash ona 60s. 104d. 
one month, closing buyers, and sellers asking 1}d. per ton 
more. A steady evelopment is still continuing to show 
itself in the home trade, and there is a good general demand. 
During the week or ten days a much larger inquiry has 
been made on behalf of America, and a fair amount of 
business has resulted. Prospects for the immediate future 
are good, one evidence of which is that freights are a 
= considerable quantity of shipping has recently been 
ed to carry pig iron to the United States. Makers’ 
peloes for qos brands are unchanged, but there is plenty 
of iron in dealers’ hands at pricés somewhat under the 
official quotatious, a good deal ae been bought freely 
in anticipation of a good spring Large quantities of 
pig iron continue to be pegs hed y a the ers’ stocks 
to Messrs. Connal and Co.’s warrant stores, and the total 
in the latter up till last Frida night amounted to 404,344 
tons, the increase for the week being 6699 tons. There are 
now 100 blast furnaces in operation as compared 
with 92 at this time last year. Last week’s shipments of 
Pig iron from all Scotch ports amounted to tons as 
porwee 6205 ine oe corresponding week of _ year, 
increase for the ent year, however ing u 
wardsof 154,000 tons. ee = 


The Forth Bri dge.—It is stated that negotiations which 
have been progress in London for the last two or three 
weeks have now been so far com leted that it may be ex- 
fe connesion with this underioking. "Tie neste 

mnexion wi' ° e » which is 
expected to amount to 1,250,0001., will, ‘tis belicwea, bear 
5 per cent. interest d the progress of the works, and 
} ins ery after the is & guarantee to 
given to valiioribere the Great Northern, 
var we mer hago ow British tish Companies. 
ving in n arrangement, has been 
shareholders of the North British Railway 





om 





Mids Nort 
circular, 
issued to fie 
Company to-day. 

Remarkable Passage a A ad Oost .— News has been re- 
e, 


announcing that 
fag Vinee out from Plymonth, 
days 22 hours, the distance 


ceived in Glasgow 
the steamer Orient bes i 
inaluling ull sae pe wbenng ‘a 37 
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barra “resins near 


of over 14 knots pér oe 
unequalled in the annals of steam na: 
shows that a great stride has now — ve- 
pes of our communication with mo Restle colonies. 
be remembered that the Orient was built and en- 

rind y Messrs. John Elder and Co, for the Orient Steam- 

p Company. 

New Sewage Steamer.—Messrs. William Simons and Co., 
shipbuilders, Renfrew, who have attained a world-wide re- 


_ NOTES FROM SOUTH hahaa 9° 


‘Mineral Rates on the North-Eastern p Wiheeg — is 
reported a the North-Eastern ae Company will add 


5 per cent. to their mineral rates at the commencement of 
the new year, affother 5 cent. on the Ist of July, and a 
farther gimilar rise be enforced in January, 1881 


making 15 Pees 7 advance. The charges will then’ stand’ 
the same en ee 
cent. occurred. 


Hull Borough Asylwm.—Some months 


putation as constructors of dredging p plant, have almost were tects 

completed a sewage steamer for the Corporation of Liver- the 1 te oa pot ey oi Hall and to snl of hae ty 0b, 

pool. For twelve @ years Messrs. Simons and Co. have | and 251. were tered for the best designs. sets 

advocated the use of specially adapted vessels for tem of plans were sent in, — recently the local j 

the sewage and refuse of large towns in deep six of them as most deserving ion in the final 

oes a rary ye cay a Liverpool | award. Since then three of the designs have been gheemn 
possess the a fleet of vesse materially order named. they rbmitted 

assist in the disposal of t the refuse of pt ma st de sy — om on met = 





Liverpool is removed from the w.. ‘in carts, but by the 
use of steamers specially des ~ — > Ps @ con- 
siderable amount of ; memes he new vessel, 
which is named the Li scldites externally an 
ordinary steamer. The h and the deck are built of 
iron, bat in the construction of the fedgnel ee cavities steel 
is used. The vessel has been carry a dead- 
—_— < 350 tons, and her speed will be ae knots | 

our er arrangements for of sewage an 
refuse are simple but effective, Ha ny Sl those in use 
in hopper Instead of one large hold, she has ten 
compartments or “cavities, and these are perpendicular in 
shape so as to admit of the contents f: readily into the 
water. Along the centre of the line of cavities is a set of 
gearing by which the doors at the bottom are opened and 
shut, and by means of strong iron rods the doors are kept 
open "until all the refuse has been emptied, while by revers- 
ing the action of the gearing the compartments are closed 
again. The whole arrangements are well calculated to 
attain the object in view, and the experiment about to be 
made by the Corporation of Li 1 will be watched with 
interest by the municipal authorities of other large towns. 
The Liverpool was launched on Monday. 


Royal Scottish Society of Arts.—The Edinburgh and 
Leith ee oe nae ceased last ~— to have a 
existence, and it now appears as the engineering 
csstion of the above-named Society. The opening meeting 
of the section took place this night week, under the presi- 
any of Mr. R. Carstairs Reid, when an ina’ ons 
elivered by Mr. Allan Macdougall, C.E., who took a 
survey of the advance by science in recent years in 
various departments, including meteorology, electricity, 
Ford others, predicting no less marked advancement in t ¢ 
uture. 


Large Anchors.—For the new Cunard liner, which is now 
building on the Clyde (and which is to be called the Servia 
instead of the Sahara), there have just been ordered by the 
owners two of Smith’s anchors, weighing a 5 tons roc 
piece. They will be fixed at the Cunard Com 
nent moorings in the ,Mersey, so that they be wniaite 
also for the company’s other vessels. These anchors 
are robably the largest hitherto made for the mercantile 
marine. 

Death of Mr. James R. Napier, ene We regret to 
record the death at the early age of fift ht years of this 


well-known marine and ship We must 
postpone until next Be pe notice of Me Napier’ 8 career. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
5 a pete neal, Weenoniay 
The Oleveland Iron Market. — erday there was a 
much larger attendance on’ than usual. There was 
really very little alteration in the condition of pe 
Following in the track of G@ oom the market — a shade 
weaker, being based on No. 3 selling at 43s. 9d. 
merchants for prompt delivery. In accordance with th 
Cored of the last few weeks makers adhered to 45s. fst | el 
‘or immediate cy tee Pope 6d., 48s., and in some cases 50s. 
for delivery over the six months of next year. It was 
found that Messrs. Connal and Co., the warrant store- 
keepers of Middlesbrough and Glasgow, had a stock at the 
former place amounting to 96,750 
as much as 406,550 tons. At Middlesbrough they are re- 
ceiving about 200 tons per day and delivering so 


like 
100 tons, while at Glasgow they are receiving no fewer than | tions 


1200 tons daily, 


The Finished Iron Trade.—There continues to be an 
improvement in this branch of industry. In a short time 
there will be very few works idle in the North of land. 
Prices are main and orders are coming to hand in a 
satisfactory manner. 

The Wages Question.—The wages question as applying 
to the meena & is practically se’ A time bargain 
has been provisional , and next Ee pees 
ing of the Board of Arbitration will be held to discuss the 
matter and a sliding scale will be referred to arbitration. 


The Steel Trade.—Messrs. Bolckow, Vi parents. 
are exceedingly busy at their Eston Steel 


sais Saath tea) bette 
or twe thay sare ae ee ee oe converters 
in operation, and will proceed he of steel 
trent Oléveland ison. Romer eg ier het 
Senet Comgany-ene hit wantte ton process. 
Reconstruction.—It is sa paliatactins “Sat he Yee i se 
rs ent ponent, pt In addition to the 

Maine S0-G TENGE, A RENOIR 
Sotelo retckstredl tee ankeiatings 2 essrs. Jack- 


son, Gill, and Co. 


50 tons, and at the latter | diminished, 





oP per Argus,” Messrs. 
Smith and Brodrick, Hall ; .”” Mesars. Giles, 
Gough, and Bell, "London; ‘ cidus ordo,”’ Messrs - 
Jasob and Bohn, Hall. 
of Oost i Yorkshire to London.—During 
teat ahaa larger tonnage of coal was forwarded to 
London b sail ah than was sent d the 
month of year, but the prot gaily by consumers were 
att ra Yorkshire collieri . — 
or’ co) es avery im- 
portant part. = the southern of the coalfield directly 
connected with the Midland, A in Nene sent to 
London 150,000 tons of coal, or one-fourth of all hy 
entered within the scope of "the City lines by rail 
considerable tonnage was also taken by the ea 
South and Net hon Yorkshire The Great Northern carried 


a fair Sars at Bale from ‘from South York York- 
shire. to yy * J Colliery a much less 
ie, of Silkstone passed co! 8 line last 
month. Half a 


ages Ros only tormented about 
15,000 tons. The New Sharlstone Colliery (West York- 
shire) has of late been sup 2000 tons per week, and 
St. John{Colliery about 1 ns weekly. 


Opening of a New Branch Railway at York.—Traffic 
has now been opened on a4 new line of rail as the 
Foss Islands, or Cattle Market Branch, at York. athe 


line has constructed by 

Company. Its length from end to end is 1 mile Xp cholen. 
Commencing by a junction with the Scar Hull 
Hoe os Shoah 19 city terminating te ate 
1 e@ outside 0; > at 

Islands, about 135 yards north i and eastward of Walm- 


gate Sez, wear pevviien Dt Bown ad forte er 
cattle, e en are ve 
light. Sis betiges have taf arte denatrucel. hand 
Askern Sewerage.—Mr. 8. J. eer ony 
of the Local Government 
te ‘Local Board t0 


borrow 000 for sewerage Mr, T. 8. ich 
TTOW ‘or r. 
clerk of the Board, gave a 
<a at he propane ineer, be- 
fore the inspec nan of esti- 


i 
pogo oA 
er expenses mink ER Es 
ratepayer, who ecw. gr ned that the Board ted not con- 
sulted the ratepayers before taking 
The Sliding Scale.— After a series of 
minonrasm saw corny Figg agp eB 
on a “ scale” of wages w in operation 
for at least two . It is hoped this will be the means 
of ending a number of disputes which were existing in the 





base . Woy F seria Company aig Pod 
ryt in Sass vo Pa 


more freely ; and should 
anor ete the results of the 
able 


year 
Spanish Iron Ore.—So geet nthe demand for i 
Phage 4 many would-be buyers are daappointod and 
in 


ment. 

ensuing booked at prices, The demand 
for px Sponchrmy supply. however, is_not likely 
to continue, as consumers will soon have provided them- 
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scarcity of steam ton’ The steel and iron trade con- 


tinnes brisk. The works are busy and the demand is 
ood, with a slight advance in Orders in the market 
or ton for New York, Beltinore, and Philadelphia in 


old rails are not yet filled up. The tin-plate 
still busy ; orders are co: in, but prices have 
fallen, with every ey ability of further abatement. 
Manufacturers must be careful not to allow the sup y ” 
exceed the demand. The new tin works at Clydac 

working satisfactcrily, = those in the Vale of Neath, 


paw J are 


near the Clyne Colliery, will shortly be commenced. 
Rhymney.—Another furnace is to be blown in, and alte- 
rations carried out forthwith at the other furnaces. eeem, 


elevating them, and thus saving something like 4 cwt. o 
coke per ton of iron. Business is brisk, and such is the 
consumption of we fee iron that enough “cannot be made 


on the premises, an quantities are bought at Tre- 
forest. 

Cyfarthfa.—On Monday there was a stop of work 

wy a peat pane pA =, but it is Roped that 
Wis ouly of dy aye nature. dispute has arisen 
with the ee | as wages paid them on Saturday 
night, the men that oa been paid at a a 
much below that seeing work in the district, and at less 
rate than their employers were justified in offering them. 

Wages at Dowlais.—The Dowlais Company have in- 
creased the wages of all the men i San ee 
ing at their works 10 per cent. i was given 
unsolicited, and took effect on Saturday sight, The w 
of the steel workers remain the same as before. The 
works continue in full activity, and for the present the 


whole energies of the staff are bent u — the o: make 
et Pad bar, tin bar, iron steel rails ; and we 
¢ the company have closed their books against any 


more orders for pig iron for the preseut. 


South Wales Coal and Iron.—The South Wales foreign 
bene psn of coal and iron for np eae were again ‘ 





Swansea shipped 400 tons of coke, 369 tons of iron, and 
5832 tons of patent fuel. 

The Ynysfach Works.—The first casting of pig iron at 
the Ynysfach blast furnaces took place on Tuesday after- 
noon, the furnace a? “— about three o’clock. The 
operation was success! t only one furnace at 

nysfach is in use, but a oma is in course of preparation. 


The Welsh Rail Trade.—As regards the price of rails it 
is difficult to get a quotation, and one cannot —_, a 
given nearer 10s. to the real price. Probabl 
nearest price for steel at present would be 71. 5s., an fe 
6l. 10s. All the works hold good orders, and i inquiries are 
numerous, but the rule is to make as aoe as possible and 
sell as little as possible, prices eviden ron, Myon. § on the 
advance. The new make of iron is quant ly 

Cardiff. —ahe demand for steam coal at this port during 
the past week has been , and one or two contracts 
have been booked for forward delivery at rather low rates. 
House coal are not so numerous as me gah be expected, 
but still a fair trade has been done, although prices are not 


so firm. The total amount of coal foreignwise last 
week was 84,710 tons, a t 83,577 tons in the previous 
week. The exportation iron from the last week was 


not so good as in the previous week. rge cargoes are, 
however, lying on the quay ready for loading for America. 
The amount cleared last week was 1058 tons of bars and 
bundle to Salonica, 300 tons of rails to Genoa, and 310 tons 
of bars to Sm , total 1668 tons. There were also sent 
to Bilbao 84 iron trucks by the Dowlais Iron Company, 
who have others to follow. ‘ihe patent fuel trade is in an 
unsatisfactory condition. 

The Forest of Dean.—The continuance of severe weather 
is beneficially affecting the district house coal trade, and 
orders are as plentiful as at any time since the reaction in 
this industry manifested itself. Prices are from 10s. 6d. 
to 11s. best, into trucks at the collieries. Some —— 
statistics of coal exports at Lydney for the month 
November will serve to show a steady increase of trade at 
this : 1870, 16,882 tons; 1871, 14,943 tons; 1872, 
15,513 tons ; 1873, 20,748 tons; 1874, 15,191 tons; 1875, 
9, tons ; 1878, 


458 tons ; 1876, 19,766 tons ; 1877, 15,526 
=e 1879, 32, ws, gt Cinderford 
: | November, ie These etustics do not include coal — 


vid Lydbrook on the orem, or coal per Great Wes 
Railway from pig iron trade has been busy 


a shaw the 
_ rot Odeber, 


-- 1466 tons for November, 1878 1878 The tinplate mills are 
Ste oo and platemaking has been commenced at 


.gas burners, scra 





FOREIGN AND COLONIAL NOTES. 
Steel Rails on the Troy and Boston Railroad.—Some 
750 tons of steel rails have been distributed along the line 
of the x hg Boston Railroad at various points east of 
Valley F: When these rails are placed in position, the 
Troy and Boston will be an all-steel railroad from Troy to 
the State line. 
African Engineering.—Mr. Newry, C.E., succeeds Mr. 
new Woodford, as resident engineer at the Orange river 
he | tekige works, Aliwal North. Mr. Woodford, the late engi- 
neer, leaves on a trip to America. Mr. Woodford has only 
been at Aliwal North 18 months, but he has made a favour- 


ab le impression. 

Public Works in — .—A_ contract for the 
second section of the North trunk-line railway, from 
Townsville to Charters Towers, has been taken by Messrs. 
O’ Rourke and M‘Sharry, the contractors for the firstsection 
at 22151. per mile. The work of constructing the Towns- 
ville b ter, or jetty, is to be discontinued, no pro- 
vision having been made for it in the loan estimates. 

Canadian Pacific Railway.—Mr. Sandford Fleming, 
chief engineer of the Canadian Government, has left Ottawa 
for Manitoba, to inspect the public works in that district, 
and the prospective route of the Winnipeg branch of the 
Canadian Pacific Railroad. 

sonagivonie Coal. — The aggregate production of 
anthracite and bituminous coal in Pennsylvania to No- 
vember 8th this year was 25,248,993 tons, as compared 
with 17,002,650 tons in the corresponding ggg of 1878, 
showing an increase of 8,246,343 tons this y 

The Broussa Marshes.—Mr. Karico is A to 
have applied for a concession for draining the Broussa 
marshes. Sir Alfred Sandison, who has considerable 
property in the neighbourhood, supports the application. 


An American Gas Well.—The owners of the gas well at 
Murraysville, near Manor Station, Pennsylvania, which 
produces 60, 600 cubic feet of gas per hour, are about to 
erect an apparatus for making carbon or lamp-black, the 

for which will cost 5000 dols. It consists of 
some 25 tons of castings, adel eee tecten ye 
carriage opera’ levice, an 
as it issues the well will 
‘frame building, 300 ft. by 175 ft. Four 
omg of 2 in. in diameter extend nearly the 
~= lag of th building—250 ft.—and parallel to — 
senpel diag cagestte ia ot ‘be diem shove, 7 
ite si e pipe, a a 
wrote. page al pen plates, eee which a light « 
track placed, and a carriage with a scraper 
will ren eyery ten minutes and scrape off the lamp-black. 


other accessories. 
paekino be 
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CANADIAN RAILWAYS.—No, XXVIIL 
- - Mipianp Rartwar or CanaDA; , 


THERE seems a strange badluck about some names, 
however respectable the source from which 
are derived, and Midland for an American railway 
is a striking illustration. When the singular series 
of successes of the Midland in England culminated 
in its becoming a leading metropolitan line, there 
were no end of namesakes in America, anxious to 
secure at least some similarity to the great English 
corporation, but the same name did not carry the 
same success, and the after career of most of 
these lines was unfortunate in the extreme. The 
New York and Oswego Midland was and is a terrible 
failure. The New Jersey Midland became bank- 
rupt, the Midland Pacific and Kansas Midland were 
both insolvent when swallowed by other companies, 
and the Midland of Canada has had just as hard 
a time, and been surrounded by the same financial 


they | the 





about 14 miles to the north of it, and 364 ft. above 
it.) \The tiver ru into this from the north is 
the Otonabee, and this a 
of lakes, the first of which is north of Rice Lake and 

others in a string west and north-west of this, 
the furthest and most distant being Balsam Lake, 
155 miles by the course of the Trent waters to its 
mouth on the Bay of Quinté, and 589 ft. above its 
level, Thence by a short canal and the Talbot 
river it was proposed to descend 118 ft. into Lake 
Simcoe, and thence by its outlet the Severn into Lake 
Huron at its extreme south-east angle. As a branch 
line. to this by a single lock at Lindsay, the 
River Scugog could be made navigable to the lake 
of the same name, at the head of which Port Perry 
is only 30 miles to Toronto and 18 miles to Lake 
Ontario, but 570 ft. in elevation above that lake. 
Of the 257 miles from Port Perry to Kingston, 
220 miles is in its natural state navigable for vessels 
of the Rideau Canal standard, but the line was 
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struggles under its very respectable name, as when 
it was the less pretentious but more honest Port 
Hope, Lindsay, and Beaverton, which described’ 
exactly its position, and indicated the local cha- 
racter of its business. Big namés and little perform- 
ances are the rule here as elsewhere. The Eur 

and North American, for instance, has been the 
swell name of three differént railways, none of 
which were guilty of paying their way; one was 
absorbed, the second is in the hands of a receiver, the 
third failed. ‘There never was but one bigger name 
than this, that was the American Central, but the 
name was too much for it, and after a short in- 
glorious existence it was merged as an insignificant 
branch in the Chicago, Burlington, and Quincy. 

At an early date in the ase’ of public works 
in Canada before railways were thought of, a water 
communication was suggested from Kingston, where 
the Rideau Canal from Montreal terminated on Lake 
Ontario, through the heart of the country to Lake 
Huron, which, with the Rideau, would open up an 
internal line of communication direct from the sea 
at Montreal to the Upper Lakeé, far from the inter- 
national boundary, and avoiding altogether the 
rough waters of the larger Lakes Erie, Ontario, and 
Huron, for the navigation of which the craft‘suitable 
for the interior canal waters were not adapted. The 
line as suggested would have been about 700 miles 
in length, but would have served every important 
military or naval station in Canada, without being 
itself exposed to any hostile control, and by its means 
the military supplies of Quebec and Montreal could 
be distributed to Ottawa, Kingston, Toronto, Niagara, 
and the distant Penitanguishene by a back road safe 
from attack. Kingston, besides being’ at the foot 
of Lake Ontario, is approachable also from the west 
by a long crooked atm of the lake known as the 
Bay of Quinté, which is 67 miles long from it com- 
mencement in Kingston Harbour to the outlet of the 
Trent river at its western extremity. “The Trent is 
a larger river than its namesake England, and 
drains nearly all the district to the north of Lake 


Ontario for 130 miles, its affluent rising’ in’ the 
height of land which stretches parallel to'the lake, 
and seldom more than nine miles distant. Ascend- 
ing the Trent 60 miles is Rice Lake, about’30 miles 
long and three miles wide, lying parallel to Ontario 








crooked and circuitous, and the summits to be over- 
come were a serious drawback. A straight line 
drawn between the mouths of ‘the Severn and Trent 
is only 112 miles, by the proposed toute it would be’ 
235 miles. Still it compares favourably with the 
line that has actually been adopted , the large 
lakes, which from Kingston to theStraits Mackinaw, 
the entrance of Lake Michigan, is 785 miles by the 
Welland Canal and Lakes Erie and Huron, i 
567 miles by the waters of the Midland district, 
In 18388 the works on’ this navigation were com- 
menced, but the e iture was limited’ to the 
section between Rice Lake and Lake Scugog, ‘and in 
that length only where the longest reaches could 
be connected by the least expenditure, the remainder 
of the route being cleared out only for the passage 
of rafts of timber. Tle scale of navigation adopted 
was the same as the Rideau Canal to the east of 
Kingston ; the locks being of cut stone 134 ft. in 
length by 34 ft. wide, with 5 ft. depth of water on 
the sills, and 6ft. on the canals and intermediate 
river reaches. On these dimensions the communi- 
cation was complete from the dam at Heeley’s Falls, 
30 miles from the mouth of the Trent, to the town 
of Peterborough, a distance of 60 miles, and from 
Chemung, Buckhorn, and Pigeon lakes, which are 
all on a level to the head: of e Sougeg- These 
works were all complete before the rebellion of 1837, 
which ised the finances of the country, and 
put an end for the time to all works of public im- 
provement. On the union of the provinces in 1841, 
the subject of this incomplete Trent navigation was 
brought up and y reported upon, and the 
conclusién arrived at was that the sections nearly 
completed ‘should be finished and maintained as 
] works, and that the main scheme should be for 
the present abandoned. ‘The immediate result of 
this was to concentrate the traffic Soe i 
sections of country permanently upon Lindsay an 
Peterborough, the evigation hae opened to them 
being, as it were, simply feeders for their business, 
atid both these towns ‘have pri y this decision 
of the Government to thank for much of their busi- 
ess ‘position, Besides’ these locks and dams, the 
whole of the river had been provided, from the 
northern lakes to the mouth of the Trent, with dams 
and slides for passing timber, ‘These upper lakes 


in is the outlet of a series | pi 


river afforded ample water 
ture. There existed oon Pag dl Mera 
i i ipally fre ‘ other 
western Base on the Takes, “for what were 
known in the trade as’ “‘ tally boards,” that is, a 

board 12 ft. long; 9 in. or 9} in. wide, and | in. thick, 
and in otie F ip 1854, no than 350 millions of 
superficial feet of tally boards went from Canada 
to yon gare So completely is the trade from 
oe detent eps ees hee 

of t in NOW ug’ 

the ‘Wi Cenak Chieage a ves ‘its lumber 
—— entirely from the north and west of its own 
and neighbouring states, and Canadian lumber from 
Lake Ontario ports is all shipped to the south and 
east. However, twenty-five years since the trade of 
Peterborough was to the west, and tally boards for 
that market were at the bottom of the railway 
enterprise, which, since develéped into new channels, 
is meer * upon Lindsay and Peterborough a 
series of different, linés, which will always have to 
look upon lumber as one of their main dependencies, 

Peterborough was singularly well situated for the 
trade in sawn lumber. It is at the foot of a nitie- 
mile rapid on the Otonabee river,'a stream as large 
asthe Thames at’ Reatling, and the descent’ of which 
in this nine miles is not less than 200 ‘ft., so uni- 
formly divided that a double row of mills, one on 
each side of the river, may bé placed as closely 
as they can comfortably be worked, and without 
any very ‘expensive hydraulic arrangements may 
use ‘the same water over and over again in its 
convenient descent, whilst the large lakes above 
this rapid afford ample storage for the logs of the 
different establishments, which can be held here 
out of the current and sent down to the different 
mills as required. From the town bridge, at the 
foot of this rapid, the sawn products could either be 
taken forward by steamers to the south side of Rice 
Lake, or rafted down the river to the lake schooners 
lying atthe mouth of the Trent. ‘Phe higher priced 
timber and boards were as a rule teamed across from 
Rice Lake to the port of Cobourg, 15 miles, over a 

lank road, whilst the square timber and cheaper 
oatds were rafted down the river; nor was the 
transport over land much more expensive than the 
rafting, for besides the cost of towing, the waste 
and delay, the depreciation on sawn pine from the 
discoloration due to its long immersion in the water, 
was from | dol. to 1} dols. per thousand feet, which 
paid the labour of its haulage to Cobourg. 

As soon as this trade began’to assume important 
dimensions a railway became a desideratum, and in 
December, 1846, the Peterborough and Port H 
Railway was incorporated with a capital of 100,000/. 
in 10/. shares provincial currency. It was to start 
at the mills on the Otanabee, and passing rouad 
the head of Rice Lake to strike Lake Ontario at Port 
Hope, a distance of 30 miles. The means, however, 
to pense this undertaking were not forthcoming, 
and six years elapsed without any work being com- 
menced, In the meantime Cobourg, seven miles east 
of Port Hope, worse situated because Rice Lake was 
interposed between its harbour and Peterborough, 
but more enterprising, anxious to retain. the trade 
which was the prin feeder to the town, com- 
menced the construction of a railway, which boldl 
spanning the lake was completed to Peterboroug 
in December, 1854. There had always existed a 
great rivalry between Port Hope and Cobourg, onl 
seven miles a similarly situated on the 
shore of Lake Ontario, each the shire town of a 
county, without any marked advantage in one 
locality over the other, each hoped to become the 
entrepét of the rich country to the north of them. 
Coburg, as having the concentrated traffic of Rice 
Lake and the navigation of which it was the centre, 
and to which she had constructed a plank road only 
15 miles in length, and Port Hope, as being clear of 
the lake and having free access to a still larger back 
country, without any obstruction to interfere with 
the extensive system of gravel roads which radiated 
from the town, and to the construction of which 
both as a town and county it was largely committed. 
Peterborough having failed to assist in the creation 
of the railway to either place, Port Hope now turned 
her attention to Lindsay, and with the prospect of 
being entirely cut off from the Rice Lake and Peter- 
borough district, adopted the same financial ex- 
pedient as her rival, and ultimately voted no less 
than 680,000 dols. under the Municipal Act for the 


and ‘their northern aiffiefits were then fich in a . 
magnificent’ fe a le best of white 
ne predominate ‘and rapids of the 








construction of the railway to Lindsay, to which 
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” , 43 miles distant, it was completed December 

, 1857. So much of the old location to Peter. 
h was, however, retained as to make the first 
les common to both routes, should the exten- 
sion become desirable, 

The troubles of the Cobourg line, however, soon 
began. The first winter after its completion the 
long weak bridge over Rice Lake was so 
by the ice that it was necessary to stop the trains 
from running over it, and when this was repaired in 
the spring the finances of the company were in con- 
fusion, and the stop of the road was inevitable. 
For a year or two the existence of the bridge, on 
which the vitality of the road nded, was 
doubtful, and when the affairs of the road became 
desperate, in the spring of 1857, the municipalit 
of Peterborough, finding their communication wit 
Cobourg useless to them, voted 30,000/. currency 
towards the construction of a branch from the Port 
Hope line, 13} miles long, which was completed 
October 18, 1858. This comprised all the original 
schemes, and the receipts from the 57 miles now 
opened amounted to nearly as much as they have 
ever done since from a mileage of double the 
extent, and from a population of over double the 
number served by the shorter railway twenty years 
since, 

Port Hope isa town of 5000 inhabitants, 102 miles 
west of Kingston, and 66 east of Toronto. A small 
river known as Smith’s Creek here falls into the lake 
from the high lands ten or twelve miles to the north, 
affording a water power, the mill on which was the 
nucleus of the ori village. The harbour consists 
of two parallel lines of wooden cribs floated out 
and sunk in the lake on each side of the estuary of 
this stream. These piers were originally 600 ft. long 
on one side, 480 ft. on the other, and 104 ft. apart, 
enclosing nearly three acres of water, which were 
dredged out toa minimum depth of 12 ft. This work 
was commenced in 1829 by a private company, 

assisted afterwards by a loan from the Government 
of Upper Canada. Early in 1852 this was sold to 
the town council for about 10,000/. sterling. By an 
arrangement intended to assist the railway, this 
harbour, which had cost the town over 58,000 dols., 
was transferred to the railway for the company’s 
bonds, and in 1868 the town council was further 
authorised to transfer to the railway sterling de- 
bentures of the Port Hope Harbour to the extent of 
30,000/. to guarantee the completion of the railway 
to Beaverton, which by this assistance was opened 
in January, 1871. In 1874 the Dominion Govern- 
ment expended 20,000 dols. in the improvement of 
the harbour, the money being principally applied to 
the extension into the lake of the west pier 150 ft. 
by 30 ft. wide, and the east pier 120 ft. by 40 ft. 
wide, and the erection of a lighthouse at the outer 
end to guide vessels in making the harbour, which 
is now equal to any requirement of the lake traffic. 
The town of Port Hope lies principally in the broad 
valley of Smith’s Creek, and the higher land on 
each side. ‘The Grand Trank Railway, which here 
approaches close to the lake shore, crosses the valley, 
a the works and terminus of the Midland Railway, 
by a long iron viaduct, which formerly stood on 
brick piers, but these it was found necessary to take 
down and rebuild of stone; one of the lessons in 
railway construction a learnt from the ex- 
perience of the Grand Trunk being the unsuitability 
of brick for the external work of bridges and culverts 
in the climate of Canada, and the necessity of using 
stone alone for this purpose. 

By an Act dated Trecemabee 24, 1869, the name of 
the company was changed from the Port Hope, 
Lindsay, and Beaverton to the Midland of a 
the capital was reorganised, and authority was 

iven to extend it from Beaverton on Lake Simcoe to 

e Severn river, and also toextend the Peterborough 
branch along the river to Lakefield, its present 
eastern terminus. Since then several Acts have 
been passed, the principal object of which has been 
to extend it to the harbour of Midland on Lake 
Huron, and to bolster up the finances of the com- 
pany which have never been in a healthy condition. 
Of late years all the efforts of the management have 
been directed to complete this north-western con- 
nexion to Lake Huron, and to secure this ever 
financial scheme has been adopted, and in whi 
extension the earnings of the road have really been 
absorbed. The ambition of the Midland has always 
been in excess of its means, and the misapplica- 
tion of the net earnings of the road to a purpose 
different from their legitimate purpose has been a 
fatal error in the experience of the past manage- 
ment, has steeped the line in constant pecuniary em- 
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CONDENSERS AT THE REMINGTON QUICKSILVER WORKS. 
(For Description, see Page 484.) 
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barrassment, and so hopelessly mixed up revenue 
and capital that any reconstruction of the Midland 
accounts must be with a new set of books and on 
an entirely new system. 

The or commences immediately upon the 
harbour, its sidings going down each side of the piers, 
and accommodating every pe of the wharves, 
whence passing under the Grand Trunk viaduct, 
the very poor and inadequate terminal buildings are 
encountered, and the platform which does duty as 
a passenger station. ‘The Grand Trunk Station at 
Port Hope is at the west end of the viaduct, where the 
road again strikes the level, on the high land over- 
looking the lake. A sidiog from the Midland main 
line joins the passenger station of the Grand Trunk, 
and the trains principally starting from this, pick up 
the local ngers and the freight cars at the 
Midland Station at the lower junction. Running 
up the valley of the creek the height of land is 
crossed in ten miles from the lake, and three miles 
beyond this the Peterborough line turns off to the 
right, whilst the main line changes its direction from 
north to north-west or west, and passing over an 
excellent farming country reaches Lindsay in 
43 miles from Port Hope. Lindsay, as previously 
described, is on the same chain of inland communica- 
tion that Peterborough is, but as the nine-mile rapid 
above the latter place was never canalled, no direct 
communication was established between them. 
Lindsay is about half way along the Scugog river, 
and at the point where originally was the only rapid. 
A lock was built here to do away with this, which 
after being once taken down has now been rebuilt, 
and steamers ply ly in connexion with the 
trains to the beautiful lakes tothe north. The town 
stands on a flat level space, and there is really little 
here to make a place, but the indomitable of 
its inhabitants. Since 1864 this enterprising » 
which numbers bee be _ a as 
bonuses, principally to railways, 5 » Te. 
quiring for interest and sinking fund 17,416 dols. to 
be raised annually, which is a liberal sum for a town 
of this size, and with a trate of taxation of 
23 mills on the dollar, or 234 of taxes to pay for 





every 1000/. value of property owned. But heavy 





8s is not an unmixed 


taxation for municipal 
evil, and many of the most heavily taxed communities 
are really the most prosperous, Lindsay bids fair 
by its energy to place itself in the centre of five or 
six converging lines of railways, and as one of these 


has assumed the name of the catenins English 
tailway, so this place.in the middle of it hopes to be 
the Derby of the Canadian Midland, as the point 
where most of the different members of this system 
concentrate. Itis at present the northern terminus 
of the Whitby and Port Perry Railway, and the 
southern end of the Victoria, a connexion a mile 
long between the two crossing Midland in the 
town, as it hopes to become the point where the 
Toronto and Ottawa will cross both these railways 
and the Midland. It is situated in the centre of a 
good agricultural district, and the water communica- 
tion from it makes a long von, of Lake Shore and 
numerous isolated villages and settlements on their 
borders tributary to this market, The town is an 
excellent position for manufactories, and like some 
other. go-ahead places, the corporation advertises 
its willingness to assist in the establishment of any 
industrial enterprise, either by exemption from taxes, 
gift of land, or even in some cases a bonus in money 
where a number of men are to be ently 
cmpeerets and form a definite increase in the popu- 
tion. 

Leaving Lindsay, and passing through a magnifi- 
cent pis , in 20 miles the railway reaches the 
shores of Lake Simcoe, at the newly-established town 
of Beaverton, thence turning north it follows the 

in of the lake to the narrows between Lakes 
Simcoe and Couchiching, which it crosses south of 
the Northern Railway Company’s bridge to Orillia, 
where the two railways cross each other on the 
level. From this place, which is a great 
resort for pleasure seekers in the summer, the rail- 
way enters the Laurentian formation, which forms 
the eastern shore of Georgian Bay to the peninsula, 
which, amidst rocky isles and deeply indented bays, 
juts out into the Huron waters as a natural wharf at 
its south-eastern extremity. There are a nuniber of 
good harbours here clustered , and the 
terminus of this railway, named after it, Midland 
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PFLEIDERER’S MIXING AND KNEADING MACHINES. 
(For Description, see Page 485.) 
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City, is said to be the best. For some years the 
railway has been opened to within six miles of the 
place to an inferior harbour called Waubashene, and 
the completion to Midland City is only lately accom- 

lished, whilst the wharves and usual appliances 
lor directing and controlling the business are still 
wanting. ‘The distance from Midland City to Port 
Hope is about 110 miles, and this line forms un- 
doubtedly the most direct and the best route for 
securing that business which for forty years Ca- 
nadians have Jooked upon as the most desirable 
for their country, the great|traffic of the Upper Lakes 
across the Midland district to Lake Ontario. Few 
of the Canadian railways have really such inherent 
meritsas the Midland, but it wants money to develop 
it, capital and connexions to utilise the short land 
service which it offers, and without a very much 
more powerful backing than it has yet received, all 
temporary expedients and partial assistance are 
worse than useless, Its past history has been so 
unfortunate, and its present condition is so inferior, 
that it must be a very bold combination and a very 
comprehensive policy that will enable it to become 
a successful undertaking. 

From its very inception this railway has been in 
financial embarrassment. It was commenced by the 
enterprising but scheming contractor Zimmerman, 
who expected to make out of the municipalities, 
and probably did, in cash, rather more than he put 
into the concern, and to take a large bonus in ad- 
dition in bonds, which should be a perpetual mort. 
gage upon the property. He left the line unfinished, 
penniless, and in debt, after 920,000 dols. had been 
secured from the municipalities, a great proportion 
of which had been paid in cash from the Govern- 
ment into his bank under the curious system of 
finance which then prevailed, and which he had a 
great hand in introducing. A further subscription 
of municipal means, and money advanced on bonds, 
extricated the road from its condition of uselessness 
and set the trains running, maturing obligations were 
renewed, coupons seldom paid were capitalised, or 
left as floating debt, to be incorporated into other 
mortgage bonds in the periodical reconstructions of 
the company. By an Act of the Ontario Legislature 
of February, 1871, it was recited that there were 
110,000/. sterling first mortgage bonds, and 125,000/. 
second mo bonds, besides 100,000/. more 


bonds authorised but not issued, and for all these it’ 


was enacted that 335,000 new bonds should be issued, 
as a first lien on the road, the length completed 
then being 80 miles. For the four preceding 
years, 1867 to 1870 inclusive, the gross earnings 
had been altogether 187,000/, and from the net 
revenue out of this nearly 62,000/. had been taken 
to extend and improve the line, leaving practically 
no surplus. 

In January, 1871, the line was extended from 
Lindsay to Beaverton, and later, in the same 

ear, from Peterborough to Lakefield, nine miles. 
Tn 1872 a further 21 miles was opened on the 
main line to Orillia, and in 1875 this was ex- 
tended 20 miles to Waubashene, which has till lately 
been the terminus, and it is astonishing how very 
little these successive additions, and apparently 
valuable extensions, appear to assist the financial 
position of the road, or even to add to its gross 
revenue, which is reaily very little more, with a total 
mileage of 142 miles, than it was with the original 
57 miles. 

‘The explanation of this is that it is overwhelmed 
with a large floating debt, the tponement and 
manipulation of which absorbs the whole energies 
of the management, and prevents all economy in the 
details of the working, or any attempts to enlarge 
the scope ofits operations. ‘The line is poorly 
equipped, its rails and rolling stock are defective, 
and for want of tools and appliances everything is 
done to the worst advantage. From the first a 
series of patching up of embarrassments without any 

neral policy has postponed but never removed 
difficulties, and the enterprise has been chronically 
im ous. 

n February, 1879, the difficulties of the road 
seemed to culminate in a general strike of the em- 
loyés, some of whom had not received their wages 
or four or five months. No one could blame the 
men who had borne with patience for years, delays 
and annoyances which had kept them poor and in 
misery, and to whom at least some consideration 
was due, As explained at the general meeting 


which this state of things brought about, by a recent 
Act powers had been obtained to consolidate the 
previous debt by an issue of 525,000/. of sterling 
Of this the first mortgage bondhol lers were 


onds, 





to receive the same amount in new bonds, and the 
second mortgage bonds were to receive 30 per cent, 
of their amount in the new security. This arrange- 
ment when complete would leave 80,000/. to settle 
with the unsecured debtors, whose claims amounted 
to over 120,000/. Besides this the Act gave power 
to issue 100,000/. of preference bonds to have a first 
lien, which it was proposed to float in England, and 
which was necessary to put the road in fair working 
condition and to provide new rails and rolling stock. 
This will make a tctal bonded indebtedness of 
625,000/., and an annual interest charge of 37,5002, 
on a road whose total receipts are not much io 
excess of this, and which the president, Mr. Cox, 
stated at a meeting held on the 9th of March last, 
had not paid its working expenses since he had taken 
the control on the 18th of October previously. 
Subsequently to this, however, a scheme of partial 
reconstruction has been devised, and at the time of 
writing, steel rails sufficient to relay the greater part 
of the main line are being delivered. 








TREATMENT OF MERCURY IN NORTH 
CALIFORNIA. 
By T. Eaueston, Ph. D. 
(Concluded from page 466.) 
CALIFORNIA WORKS. 

Tue objection to masonry condensers is gene- 
rally the penetrating power of the mercury, which 
is so great that it not only impregnates the vertical 
stone or brick walls of the chambers, but infiltrates 
into the ground to such an extent that in taking up 
the foundations of some old furnaces at New 
Almaden in 1863, the mercury was found to have 

netrated into the foundations and into the clay 
Caneais it to the bed rock, a depth of 25 ft. or 30 ft. 
Over 2000 flasks were recovered in a single year 
from the foundations of two furnaces. This loss is 
now prevented by building the condensing chambers 
with double arches into which plates of iron are 
built so as to cut off the flow of mercury, and turn 
it towards an iron basin into which it may be seen 
to flow in intermittent streams every few minutes. 
In the year 1874 a large shaft 30 ft. deep was dug 
beside one of the furnaces, and at this depth it was 
still found profitable to wash the dirt in order to 
collect the mercury from it. In the same year 
sufficient mercury was obtained from a brick ore 
chamber and three condensing chambers of a fur- 
nace, and from the dirt around the structure, to 
pay for a new shaft furhace and condensers. 

For the construction of condensers, bricks, 
though porous, are much preferable to, and I think 
less porous than the sandstone used at the Reding- 
ton Mine. Whenever repairs to the condensers at 
these works have been made with bricks, they have 
all stood, while the sandstone next to the brick has 
been worn away. It is evident that what is re- 
quired is some substance which is impervious to 
mercury. Brick is notso. Every brick or piece of 
sandstone taken out of the condenser must be con- 
sidered and treated as a very rich ore, for when- 
ever it is broken, myriads of globules of mercury 
are seen scattered through it. Iron is better than 
brick, in that it does not absorb mercury, but it is 
rapidly corroded by the acid vapours. At the Sul- 
phur Bank Mine the amount of iron eaten away in 
1875 by these waters amounted to three tons per 
month. Wood is much cheaper than brick, but it 
cannot be used near the furnace on account of the 
heat. Ata certain distance from it, it is more or 
less rapidly acted upon by the acid vapours. It is 
kept from shrinking by the condensed moisture, but 
requires watching. If such condensers were used 
where the mercury condenses in any considerable 
quantity, there would be danger of a small loss 
from absorption in the pores of the wood; or, if 
they were not carefully watched, from cracks. When 
they require to be renewed, all the wood should 
be put into the furnace, though the mercury so 
collected would not be very large in amount. 

It seems perfectly practicable to make such a 
combination of wood and glass that it will stand at 
a certain distance from the furnace; or by placing 
brick condensers near the furnace, and cutting them 
up into small structures so that they should re- 
tain the heat; or by substituting iron condensers, 
with water cooling arrangements, in connexion with 
wooden condensers, to make a condensing apparatus 
very nearly perfect. By using, for instance, the 
Knox condensers near the furnace, with a wood or 





a wood and glass arrangement at the point where 


there is no danger from heat, a considerable amount 
of expense might be saved ; such condensers, Figs. 15, 
16, 17, and 18, page 482, have been used at the Re- 
dington Mine made of sound red wood 1} in. thick, 
nearly double the size, but of the same shape as the 
iron ones, that are found to last equally well, and 
are far cheaper. In any case a few large compart- 
ments are not so effective as the same volume dis- 
tributed among a number of small ones. To effect 
a perfect condensation, surface is more nece 
than volume, and more especially sudden an 
frequent changes of the direction of the current of 
the volatilised mercury. With a furnace having 
only a natural draught this is impracticable ; but with 
a furnace working with an exhaust fan, the theo- 
retical limit of obstruction is the power of the engine 
which produces the draught. There is, however, a 
practical limit of obstruction which cannot be over- 
stepped. 

There seems to be a decided advantage in using 
artificial fuel where it can be had. European ex- 
perience has pronounced in favour of it. At New 
Almaden experiments were made in 1873 and 1874 
with coke and charcoal, and a mixture of both, 
which were very satisfactory. It would even seem 
advantageous under certain circumstances to mix a 
certain amount of fuel with the ore, especially when 
large amounts of fine ore not made into adobes must 
be charged. Itis evident that the fuel which contains 
the least amount of moisture if it is not friable, will 
prevent the formation of a certain quantity of soot, 
and as artificial generally contains less moisture 
than natural fuel, there will probably be less acid 
condensed. There are places, however, where the 
cost of making artificial fuel would more than 
counterbalance the advantage gained. 

Itis very difficult to get any idea of the loss in 
these furnaces since assays are not usually made, 
The idea of sampling the ore does not seem formerly 
to have entered into the calculations of many of the 
most intelligent managers, and this is natural 
enough. The enormous profits made when mercur 
ruled at from 1.50 dols. to 1.75 dols. per pound, 
rendered it entirely unnecessary to look after such 
small matters of detail. It is necessary, however, 
now, and will becomemore so in the future, for the 
hosts of patentees of the *‘ best and cheapest quick- 
silver furnaces,” with mercury about 0.40 dols., to 
substantiate their claims on something better than 
assumption or newspaper advertisements. ‘Lhe 
losses at Idria in Austria are reported to have been, 
for 1870, 6.9 per cent.; for 1871, 9 per cent. ; for 
1870, 10.6 per cent. There seems to be a doubt about 
their method of sampling. At New Almaden, after 
taking a an from each car-load for 39 days, they 
report their loss to be 7.29 per cent. The difficulty 
of sampling ores of mercury, and the probability of 
getting too low rather than too high an average, 
makes the loss probably much lower than it really is. 

According to the best California authorities, the 
loss in the best constructed furnaces, as near as can 
be approximated, is not less than 15 to 20 per cent. ; 
and in many of the works the loss will probably 
amount to double that. In the best works it would 


poobebiy cost more to save the 15 or 20 per cent. 


ost than it is worth; and the works which are not 

well managed probably could not save it at all. 
There are undoubtedly many works which have 
failed financially, who could ‘have declared a 
dividend on what they might have saved. The 
reign of economy and of true metallurgical work 
must come with the era of low prices. 

Every system which has been used, and some even 
after failure, have their supporters. When the date 
of the discovery of these deposits in California is 
taken into consideration, it must be confessed that 
more oe have been made in the metallurgy 
of quicksilver there than in Europe. ‘here is, 
however, much still remaining to be done. So little 
is known of what is done, and the prices of the 
metal have been subject to such frequent fluctua- 
tions, that except in the case of the wealthy com- 
panies, there has been but little encouragement to 
experiment. When the price of quicksilver in San 
Francisco ranged from 1.50 dols. to 1.75 dols., every 
_— where any trace of mercury could be found, 

ecame a mine, and reducing works, more or less ex- 
tensive, were erected, With the fall in price, most 
of these companies disappeared entirely. In former 
years the price has fallen as low as 0.35 dols., and 
with the price of 0.43 dols, to 0.65 dols., as it ruled 
in 1876, few of such small works can compete. 

The fluctuations in price in 1876 were frequent, 
as will be seen from the annexed extract from the 








account sales, Under the circumstances shown by 























Dec. 26, 1879.] 
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Recuipts ror 1876. Exports BY SEA. Prices, 1876. Sav ts toon dine ame "eo ssi ~ 
“ Ri 1 and 2 are two sectional views of a —— in 
. which one end and a part of the bottom are mounted on 
Name of Mine | Flasks. Country. | Flasks. | S8# Hrancisco per| == New York | London per Flask, | a0 axis, and can be lowered as shown for the purpose of 
2 nad : emptying. In this arrangement one of the compartments 
: ots. on. £ g.| 18 lower than the other, and the blades are actuated by 
New Almaden ...| 20,631 |China .«-{24,526 |Deo. 81, 1875, 623|Jan. 1, 1876, 75 |Dec. 30, 1875,11 0 | Searing from the shafta. These blades are driven by 
Redington ... | 9,183 |Mexico ...  ..| 7,400 |Jam. 3, 1876, 65 | ,, 28, ,, 65 |Jan. 4, 1876,10 10 | and coupled with the driving wheels by means of bushes 
Sulphur Banks ...| 8,732 |South America 3,599 | ,, » yy © 60 |Feb. 25, ,, 67 ,, 15, ., 10 ©| with square holes in which the pins d fit. It will be noticed 
Guadalupe... «| 7,381 - |New York... 3,094: |Feb. 3,  ,, _ 62})/Mar.24, ,, 64 |Feb. 1, ,, 11 0/| that these pins can be easily withdrawn, and the blades 
New Idria ... 7,272 |Australia ... 793 »  .5y. 5, ~ 65 |Apr.,28, ,,61t062} ,, 7, ,, 11 11] removed without interf with the gearing. The 
Great Western... <a on a eee = Ge >» oi ” 4 band = a6 70 | » 19, ” 5 A. mode of driving is shown in Fig. 2 by the t modifica- 
Oceanic... see) By apan eee ase Oo: 99 s 9 ” » tion of combined pulleys and clutch designed by Mr. 
Oakland '| 25150 |New Zealand :..| 410 |, 20, 4, 54 [July 28, 5,50,,52| ° 24, », 10 0|Paiderer, and which bas been already referred toby us 
St. John 2,085 Central America ... 205 ” 25, ” 524 Aug. 25, ” 50 |Mar. 15, ” 10 10 (see page 343 of our last volume). The arrangement con- 
Altona .| 2,000 | British Columbia... 86. |June 5, ,,  514|/Sep. 29, ,,46to048| ,, 17, », 10 0) cists in the combination of two loose pulleys on = shaft, 
Sunderland . 1,570 Total by sea o 41,140 9 9 ” 50 |Oct. 27, ” 50 |June 3, ” 9 10 ee 8 — by ports. cow strap, and e other 
Abbott... “| 1,496 | New York by raiil 7698 [July 15, ;, 45 |Nov.24, ;, 624] ,, 10, °, 9 10| by # crossed strap, with friction or other clutches, by mov~ 
California ... 1,184 aa os s » » 43 |Dec.29, ,, 55| ,, 28, ,, 8 15] img which clutches as required either of the two loose 
pulleys can be made fast and motion transmitted or re- 
Cloversdale +»! 1,028 Total, 1876 .../48,883 |Ang. 4, ,,. 45 », 24, ,, 8 10| versed with facility and certainty. The clutches are 
Manhattan ‘ 976 a 3 » 7, » 4 July 1, ,, 8 0] formed of projections, one on each side of a disc secured 
Oat Hill 582 - » 15, » 4 » 21, ,, 8 10) on the shaft between the two pulleys, so as to be capable 
Buckeye 407 ee »» 26, 5, 44 »» 26, 5, 8 0) of sliding on the shaft; each of these projections can, 
Phoenix... 300 “ Sept. 1, » 4 Aug. 11, ,, 8 10) py moving the disc on the shaft, be caused to 
Bella Union 271 oe ” 11, ” 44 ” 14, ” 8 0 with corres in eith ull 
American ... 250 me. 45 16, ;, 810 roe e Lape Bag es Fh prone. Phe. 
Great Bastern and ae i The disc is mo on the shaft, as required, by means 
er ee ® »~ > os. a » 31, , 8 0} ate hand-wheel, which also mee dy disc in any 
Kentuck ... 54 : a ce: & oe Nov. 3, ,, 8 10|Tequired position thereon. For stopping the machine, 
Wall-street 74 » 30, » 50 sa » 9 » 9 0| the hand-wheel has simply to be held fast, while for 
Various 447 Nov. 3, 4, 52} se » 21, 4, 8 10) starting it has to be turned in the direction in which the 
»  O- %- 5S - machine is to be worked. fe 
Dec. 12,- 5, 50 ove Jan. 1,18778 0] From the foregoing it will be seen that the arrange- 
» 31, 5, 50 ment consists, essentially, of two loose pulleys with an 
open and a crossed strap, combined with friction clutches, 
75,074 which are moved into and out of gear with either pulley. 
as required; in order to fix it on the shaft and release it, 


these variations in price the small companies will be 
obliged to wait to benefit by the - ow and 
experience of the larger companies, if they are not 





entirely ruined by the fluctuations before they have 
the opportunity. The extract is subjoined : 
cents cents. 
Jan. 3 . 6 | Aug. 7 t 44 
eR A ge eae 45 
o a oe 60 » 26 * 44 
Feb. 3 eo» 624 | Sept. 1 ove . 6 
ao: 65 os. oe ose . 
» 8 59 | Oct. 1 eve . 
May 1 58 aS ee M4 
» 20 54 » 14 ee . 
9 2 523 » 30 eee 50 
June 5 514 | Nov. 3 eee . 52) 
a 50 s 8 7 . 5 
July 15 45 | Dec. 12 J 50 
99 43 » Bl 50 
Aug. 4 45 








Opening 65 cents. per pound equal to 49.725 dols. per flask. 
losing 50 ” 25 ” 
Range 15 11.475 


The following Table taken from the New Almaden 
report for 1876 gives the production of mercury for 


the last twenty-seven years: 




















Year For the whole | At New Almaden 
United States. and Enriquetta. 
Flasks. Flasks. 
1850 25,424% 7,723 
1851 24,000 or vibe 
1852 20,000 15,901 
1853 19,000 22,284: 
1854 27,000 30, 
1855 33,000 29,142 
1856 30,000 27,138 
1857 28,000 28,204. 
1858 31,000 25,761 
1859 12,000 1,294 
1860 10,000 7,061 
1861 35,000 34,429 
1862 42,000 39,671 
1863 40,531 32,803 
1864 47,489 42,489 
1865 53,000 47,194 
1866 46,550 35,150 
1867 37,000 24,461 
1868 37,000 25,628 
1869 33,713 16,898 
1870 29,546 14,423 
1871 31,881 18,568 
1872 30,306 18,574 
1873 28,600 11,042 
1874 $4,254 9,084 
1875 53,706 13,648 
1876 75,074 549 
915,074 626,902 
the whole previous ‘from 6. 
* Includi he whol ious period from 177 


+ From 1st of July, 1850. 

There is evidently some mistakes in these figures. 
For eleven months. 
New Almaden Mine closed by injunction, 


The Table above from the same source gives 
the production, distribution, and price of quick- 
silver in the various markets in 1876. 

Mr. Raymond’s statement of product for 1850 
and previously, is evidently incorrect, as the total 
product of New Almaden before July 1, 1850, was 
not over 500 flasks. 

In conclusion, I beg to express my warmest thanks 
to Messrs, C. E. Livermore and J. W. Hall of the 
Redington Mine, and also to Mr. R, F. Knox, of 
San Francisco, who have furnished me photographs 
and drawings, and a large amount of information 
both before and since my return from California, 
and to all the managers of the works generally, who 
were always ready to facilitate the object of my 
visit. 








PFLEIDERER’S MIXING MACHINES. 


A LaRGE demand exists for a special class of ma- 
chinery required for kneading or mixing materials, such 
as bread, biscuits, vermicelli paste, &c., as well as for the 
thorough incorporation of rubber and gutta-percha, 
colours, printing ink, and a variety of other manufactured 
articles. Of this class are the machines which we illustrate 
on page 483, designed by Mr. Paul Pfleiderer, of 37, 
Farringdon-street, London, and which possess several 
features which appear to be of considerable merit. As 
will be seen from the illustrations, the machine consists 
of a set of blades revolving at a high speed within a casing 
into which the material to be mixed is fed, and of ap- 
pliances for reversing the motion of the blades with 
facility. The following are some of the prinicpal charac- 
teristics of the machine: The blades or mixers are so 
arranged as to dispense with the central bosses for secur- 
ing them on their shafts, and motion is transmitted to 
them through radial arms, which serve also as fixed 
scrapers ; these arms extend beyond the central line of 
the axis of the blade, and are adapted in form to suit the 
required purpose, The clearance for the passage of the 
material to be mixed may be increased as required by 
taking out a large portion of the blade on one side of the 
axis, or two portions on opposite sides, retaining the 
central bosses of the blades or dispensing with them as 
desired. Two or more such blades or mixers revolving 
at different speeds may be employed with a concave 
bottom having a bridge between them. 

By another arrangement, a number of blades or mixers 
may be grouped round a common central axis, on which 
the trough in all its several portions is mounted and made 
to revolve. The troughin this case forms a kind of drum 
on the central axis. For the admission and discharge of 
the material it is provided with one or more openings, 
which can be closed as required by moans of slides or 
valves or otherwise. The trough may be tilted or lowered 
from the driving gear, or from the blades or mixers, as 
may be required for emptying or cleaning, without the 
necessity of having the axis of the driving shaft of the 
machine coinciding with the axis of the trunnions on 
which the trough can be turned. 

To effect this, either the whole trough or the bottom 
only in connexion with the ends of the trough are mounted 
on trunnions, the axis of which coincides with that of 








these clutches are moved, as required, by working the 
hand-wheel. There is a pair of rings or washers con- 
nected by distance-pieces, and so arranged on the disc 
between the two pulleys, that the latter are always kept 
at a certain distance from each other, and so that they 
cannot stick in the clutches and follow the lateral move- 
ments of the disc. In the section, Fig. 2, the whole device 
is shown in section, from which it will be seen that the dise 
A can be moved laterally on the shaft F by means of the 
hand-wheel H, which acts as a nut on the screwed 
boss of the disc A, The clutches c and c' are shown 
cast in one with the disc A, and by moving the disc as 
required either the clutch ccan be put in contact with 
the pulley B, or the clutch c' with the pulley B', by 
screwing the hand-wheel outward or inward, respectively. 
The washer E is placed between the pulley Bt and the 
hand-wheel H, to prevent any movement of the latter by 
the friction of the pulley against it; GG' are collars to 
keep the whole apparatus in position; DD' are two 
washers, which are connected by three distance-pieces 
KK, passing loosely through pegergens | holes in the 
disc A. By this ment the two eys BB' are 
prevented from moving laterally and following the disc 
when thrown out of contact. When the disc A is moved 
by a wheel with right-handed screw, the straps or driving- 
bands should be put on in such a manner that the eg oe 
are caused to revolve in directions indicated by the 
arrows, so that by merely holding fast the hand-wheel 
H the machine can, at any time be stopped, while it can be 
started by turning that wheel in the ction in whic’ 
the machine is required to work. 

Fig. 3 shows a peice view of one of these ma- 
chines, of a somewhat modified form, and Figs. 4 to 10 
are various forms of mixing blades, which vary according 
to the nature of the material to be treated. It will be 
observed that the blades are cut away in different ways, 
but that in each case a sufficient length of the periphery 
is left to sweep over the bottom of the trough at each 
revolution. The form of the recesses a also varies with 
the nature of the material to be treated. Fig. ]J isa 
perspective view, showing a simple arrangement of a 
mixing machine with two blades of the forin shown in 
Fig. 5. 

When a very hard or tough material is to be treated, 
a machine similar to that shown.in Figs, 1 and 2 may be 
used eee a pair of driving wheels are employed 
for each blade, one on each side, so as to meet the greater 
resistance offered. This arrangement of the Sriving 
wheels is of special importance for machines with two or 
more mixing blades on each strap, and it has the further 
advantage that the shafts may be made smaller, so that 
they may act as torsional springs to regulate the distri- 
bution of power in the two wheels, Such machines may be 
fitted with a double set of gearing for fast and sjow motion. 

These machines have already been tested for a variety 
of work, amongst which we may mention Messrs. Siemens 
and Co., for incorporating gutta-percha ; Messrs. Peak, 
Frean, and Co., for biscuits; the Aérated Bread Company ; 
Messrs, Crosse and Blackwell; and Messrs. Savory and 
Moore, for mixing drugs. 


Tue Szrnz.—A has been proposed for deepening 
eos drawing 9 tt. of water will be 





the Seine, by which 
enabled to reach the eastern extremity of Paris. The 
works, if carried out, will cost about 1,800,0001. 
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ENGINEERING, Decemser 26, 1879. 





HORIZONTAL COMPOUND CORLISS ENGINE. 


CONSTRUCTED BY MESSRS. DOUGLAS AND GRANT, ENGINEERS, KIRKCALDY. 


(For Description, see Page 487.) 
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THE HARBOUR IMPROVEMENT WORKS AT ANTWERP; BRIDGES OVER DOCK ENTRANCES. 
MM. HERSENT AND COUVREUX, ENGINEERS AND CONTRACTORS 


(For Description, see opposite Page.) 
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HORIZONTAL COMPOUND ENGINE. 

Some time ago (vide page 414 of our twenty-first 
volume) we published in ENGINEERING a perspective 
view of a pair of compound horizontal Corliss engines, 
of unusual size, constructed by Messrs. Douglas and 
Grant, of Kirkcaldy, for the Fleming Spinning and 
Weaving Company, of Bombay. The engines referred 
to were constructed by Messrs. Douglas and Grant from 
the specification and under the superintendence of Mr. 
George Allan, and at the time when we gave the per- 
spective view of them we promised to publish further 
illustrations explaining the details of the engines more 
fully. From reasons into which it is unnecessary to 
enter here, the publication of these further engravings 
has been delayed, but we this week somewhat tardily re- 
deem our promise by giving a two-page engraving of the 
engines in question. We hoped when publishing our 
former notice that we should have been able to accompany 
our present engravings by particulars of the working of the 
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engines ; but financial difficulties having led to the stop- 
page of the mill to which the engines were supplied, we 
are unable to do more than to state that we understand 
that the engines whilo at work gave every satisfaction. 

The engines are of the compound intermediate receiver 
type, with cranks at right angles, the cylinders being 
respectively 40 in. and 66 in. in diameter, each with 6 ft. 
stroke. With a piston speed of 440 ft. per minute, and 
with a cut-off at one-fourth stroke in the high-pressure 
cylinder, the engines were intended to develop 1000 indi- 
cated horse power, with steam at 801b. pressure, They 
were, however, proportioned for working with a higher 
steam pressure than this if necessary. 

The general arrangement of the engines will be at once 
seen from the engravings. The frames are of the usual 
Corliss type, and are each made in two castings united 
at the crank end of the guide bars, the joint being 
substantially made by strong flanges. The cylinders 
are thoroughly steam jacketted over both the barrels and 








ends, and the intermediate receiver is formed by the 
connecting pipe between the two cylinders, and by the 
passage round the low-pressure cylinder, which conducts 
the steam from the under side of that cylinder to the 
admission valves on the top. The valves are of the 
regular Corliss pattern working in cast-iron liners fitting 
bored seats, these liners being of a special mixture of 


hard and tough iron. The valves of each cylinder are 
actuated by two eccentrics, one working the steam, and 
the other the exhaust valves, the steam valves being 
fitted with an improved automatic gs 4 gear de- 
signed by Messrs. Douglas and Grant. Each engine is 
fitted with a governor acting on the releasing gear as 
usual, but in the case of the low-pressure engine 
vision is also made for working with a fixed cut-off in 
that cylinder. 

The crankshaft is of steel, and is 20 in. in diameter at 
the centre and 16 in. at the the latter be 
24 in. long. The crankshaft pedestals are fitted wit! 
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four-part brasses adjustable by wedges. The crank-pins 
are of steel with bearings 10 in, in diameter and 10 in. 
long. The piston rods are also of steel, and are 6} in. 
in diameter; they are prolonged through the, back 
covers of their respective cylinders, and are each pro- 
vided in the rear with slipper guides. The low-pressure 

ton-rod is also coupled at the rear end to the bell-crank 
ever 1% which the air pump is worked as shown in 


ay le. 2, and 4. 
the views just mentioned it will be seen that the 
air pump is vertical, and situated at the rear of the low- 
pressurecylinder, a pair of frames connecting the air pump 
with the cylinder, and carrying the for the ful- 
crumof the bell-crank lever. The condenser is placed some- 
what to one side of the low-pressure cylinder, as shown 
in Fig. 2, and itis fitted with an arrangement of distribu- 
tion plate designed by Mr. Allan to secure the exposure 
to the steam of a large area of surface of injection water. 
Thus, in the present case, within the first foot of its fall 
the injection water ex to the steam an area of 
180 square feet of sheet water. The air pump, which is 
le acting, is 46 in. in diameter with 3 ft. stroke, and it 
be seen that it and all parts of the condenser, &c., 
on arranged so as to be readily accessible, a point we 
regret to say not always kept so much in view as it 
should be in designing these details. Although of course 
intended to work normally as a condensing engine, pro- 
vision is made in the engine under notice for exhausting 
direct into the atmosphere, while either cylinder can be 
worked independently if necessary, the provision of two 
governors renderin the high and low-pressure sides each 
practically a com: plete engine. 

The power is ches off the engine by a geared fiy- 
wheel as shown, this wheel being 20 ft. in diameter and 
24 in. broad on the face. The teeth, which are shrouded 
on each side up to the pitch line, are of cast iron and are 
5} in. pitch. The rim of the wheel is built up of 
two rings (one outside the other), each consisting of 
eight segments, these segments being joggled and keyed 
together so as to break joint. There are eight arms 
turned taper at their inner ends and cottered into the 
boss, while at their outer ends they are secured to the 
inner ring of the rim of the wheel by bolts and dove- 
tailed wedges. The weight of the wheel with its shaft 
and cranks is about 53 tons. The flywheel gears into a 
pinion 6 ft. 4hin. in diameter, the rim and teeth of this 
pinion being cast together, but separate from the boss 
and arms which are turned and secured to the rim by 
dovetail keys. The second motion shaft is on a level 
with the crankshaft, and as shown in Fig. 1 the crank- 
shaft ends of the engine frames are arranged so that they 
are bolted rigidly to massive brackets carrying the bear- 
ings of the second motion shaft. The whole engine was 
finished by Messrs. Douglas and Grant in a most 
creditable manner, and it forms a good example of modern 
mill machinery, 








THE PAWTUCKET PUMPING ENGINE. 

Report of Tests of the Corliss Pumping Engine, Paw- 
tucket, Rhode Island, made Agk BENJAMIN'S 
Scientific Eapert Office of New York City. 


To the Corliss Steam Com 
Providence, Rhode Taine = 


GENTLEMEN,—The Pye Beg of trials of the 
cone oop eres = engine* at Pa Rhode Island, con- 
Richard H. Buel representing this office, 

sp en — submitted. 
trials were made on J 11 and 12, pe, sence 
tively Pend were conducted me 8 3 pespens of determining 
the duty of the engine, or of work per- 
formed by the Gonsenetion 100 Ib. of coal; and also 
to measure the efficiency of the pumps, or the proportion 
a Secemantes power of the engines that prod useful 


The trials of your engine form part of a series under- 
— by hie “— a view to o facts ane 
ormance ro- 

Sle a et a 
ments necessary for a computati t uty, i. 8 
have been taken to measure these ents Ie eeectein ond 


to avoid all allowances or assumptions. The requisite ele- 
ments for the calculation ape thet number of pounds of coal 
burned during the trial, the pressure which the 
pumps deliver — the revolutions and the dimen- 


"1 of bedaey o n 
uty trials it Satis iadiahiniaseinam 
~ in the the furnaces of the boilers in good condition, and 
to leave them in presumably the same condition at the end 
of the trial, assuming that "the coal fed into the furnaces 
in the interval ae resents the consumption. It is 
well known, ho such an assumption is usually 
fallacious ; ond'te 1 in the present trials a more accurate 
method of measurement was adopted. 
Before a trial, fires were hauled from the 
fires were re- 


E 
z 
ity 
E 
iE 
i 
BE 
if 
: 








added as soon as possible, and when the fires were in 
good condition ‘the engines were started, and 


the trial 
All fuel put into the furnaces was , and when, 
sie eaten Sens Bees fe 
° wa’ e 
rate), the trial waa ended and the fires haaled. 
——_ eked out frou the Spee toed 9 gl hed 
ou 6 ae 
caely ek between the total voal charged and 
Pah ananee teins tho enkiummeet, The coal used 
during the trials was anthracite obtained from the Cross 


Creek Colliery, Pennsylvania, screened, but wot pimeee 
The fools made by the engine the were 
od by a counter, which was set to zero at the 
ma of 8 vem i 
i the main seemed by 2 coring 
just above the level of the delivery val 
Sieee. gauge was tested, both before 


and after the rine by ee ceed with the indications of of 

a differential mercury egg am 

nected to the suetion pipe nat below the of tho oe 

ceiving —— and the ‘erence of ~— between these 

ganges as measured. The readings of both gauges were 
m at [tena intervals when the engines were running, 

= the pressure fees which the pumps delivered water 
ings of these ga h ped doe hy os ivalent 

t near oe square equi’ 

te to the L ne of easgea th water between them. 

The Sncnninas of th th nee ted seouivel tans een 
tained by careful measurement. The scales on which the 
coal was weighed were tested by my weights, oe 
found to be correct. Numerous i 
taken during the trials, and the springs of the indicators 
used were carefully tested, the springs used on the steam 
cylinders being tested under steam pressure, and \ spring 
used on the pumps under cold-water eee, 
and vacuum m gauges pane te also ly tested by — 

Description of tha Corlcas P There 
crip orliss ‘unvpin gines,— are 
twosteam cylin finders and and two ass bag the — 
the pum mp piston-rods being continuations of the steam 
piston- The pump piston-rods are continued ee 
the pump — and their front ends are connected 
crossheads working in guides. Connecting rods attached 
to these crossheads give motion to two vibrating levers, one 
of which actuates the air pump, and the other the boiler 
feed —. Two main connecting rods attached to this 
swinging lever, with a leveragetwice that at the point of 
connexion with the pump piston-rods, and connected at their 
ag ee ends to cranks, give motion to a flywheel shaft, 
bearings of which are eecured to the rec . 
shaped air vessels. The effect of this novel form of con- 
nexion is obvious. The pump connecting-rods have but 
little angular vibration, thus materially lessening the 
friction on the guides. 
The steam cylinders are arranged on the compound 
2 steam being admitted from the boilers to one 
erlinder er, and exhausted into a receiver, whence it is 
tted to the second prime wi — is —— exhausted into 
the ya ta Both cylinders ie with 
steam of boiler pressure on the sides and heads, and the 
kets are drained by a pum Sle delivers the water 
pipes 


ined from them into the 
The receiver is also drained b @ second pump, and all 
in a heater in the boiler 
flue and returned to the receiver. 


condensed steam is re-evapora 

The engines are fitted with the well-known Corliss valves 
and valve motice, the latter having the ities of .~ 
used on Corliss — furnished 
motive = in hinery the are Exhibe 
tion. e cut-off valves are controlled by a governor, 
which, however, acts ordinarily y ooly when w ‘tonal of the 
engines is unduly increased, he cut-off is ordinarily 
7 o 1 ee working — 

pumps angers 

rings. The pump valves are ane Fp 
jeg ae ie . A thin dises of p osphor-bronse, ep kept 

their seats by 8 springs of a peculiar form, 
which also serve as ony @ delivery valves can be 
examined by removing bonnets in the air chambers, and 
access to the receiving valves is obtained by removing the 
heads from the pump cylinders. 


Principal Dimensions of the Engines. 


in. 
Diameter of Righ-guemase cylinder = 
” ” ” 
ee Pam jungers eee 10.52 
: m rods oon 2.5 
Stroke of = poe ~~ 30 
Effective area of pum: np plunge .. 82.012 aq. in. 
Displacement of bo any per 
revolution . 5.6953 cub. ft. 
Diameter of air pump, vingle noting 20 in. 
Stroke pos on 
Number of valves in each pum ove 280 


Area of opening, receiving, and de- 
li ive i ~ wha h ree 122.64 sq. in. 


Capacity of air vessel ee 10.75 cub. ft. 
Diameter of force main , 20in. and 24in. 
12,300 ft. of 24 in 
in 
Length ” ” ° 7800 ft. of 30 in 
in . 
Diameter of suction pipe ... = ++» ’ in. 
ce hg in i 
a receiver ,, «+ po 16,, 
deer a or 
Diameter of condenser... we = fe 


Diameter of flywheel shaft... ... é;, 





_ Diameter of flywheel eve on 18 ft. 
of engines over all .. * oe . 
Height z “ io ae 


The Steam Boilers. — Those are of the well-known Corliss 
be boilers set i 


Principal Dimensions of the Boilers. 
boilers . 


Number of a Sa 3 
Diameter of each boiler ... ae 4 ft. 
Height , Be ae a 14,, 
Number of tubes in each boiler ... 48}, 
Outside diameter of tubes ... ee 3 in. 
Diameter of grate ... oe 5 ft. 
Total grate surfacein boilers ... 58.905 sq. ft. 
» water heating surface in 
i sco. , SER’ 5 
Total superheating “surface in 
boilers sh 508.8 ,, 
= cross-section of tube surface 
boilers 6.09 ,, 
Ratio of water heating surface to 
grate surface 29.5 
Ratio of cross-section of tube to 
grate surface aie 0.103 
Surface in receiver heater ... ..  581,3 sq. ft. 
- feed-water heater a ae ae 


The preceding description will doubtless . lain the 
reasons for the excellent results obtained in the trials, 
which are appended. Superheated steam at high pressure 
is introd into the high-pressure cylinder, and any 
moisture contained in it after passing peat _ ier 
is removed before its admission into the second — 

These conditions are bee favourable for a high grade 
ex ion, which is secured by cutting off the steam in both 

cylinders. Two separate trials were made, as panes 

On the occasion of the first test, a water plug in the main 
blew out, reducing the water pressure from 104 to 30 lb. 
per square inch. 

Results of Duty Trials of Corliss Pumping Engines. 





_ July 11,1879.) July 12, 1879. 











Duration of trial .., eve we «| 14h. 46m. | 14h. 23 m. 
Revolutions of engines 44,250 43,250 
Pounds of = put into furnaces (in- 
cluding wood 3,952 3,952 
Pounds of pane coal weighed 
back atendof trial .. ose 273 317 
Pounds of coal burned during trial |. 3,679 3,635 
Pounds of refuse (ashes a clinkers) 
withdrawn from furnaces at end of 
— a< eee ose wee pam 267.5 342.5 
ressure main, nds per square 
s inch... = pe 102.9 105 
juction are, ‘Pounds per uare 
inch... _— va 5.6 5.8 
Pressure equivalent to _literence of 
level between i oe r sqr. in. 1.6 1.6 
which —— de- : 
livered ae — ay he per square — 110.1 112.4 
Duty = rev.xwater pres. xl 1 597 | 109,679,487 
7 = —Poands of coal bersed —_ : 
Percentage of refuse... ose 7.27 9.42 
Average revolutions per minute 49.94 60.12 
Net horse power (calculated from water 
pressure as measured by gauges) ... 136.66 139.99 
Indicated horse power = "¢* horse power asi Po |: 20088 151,43 
Pounds of coal per indicated horse power 
per hour .., ove eee ove eve 1.69 1,67 
Pounds of coal per net horse power 
perhour ... ... = ooo soe 1,82 1.81 
Capacity in U.S. gallons (of 8 lb.each) in 
24 hours from disp 
3064.000 | 3074.670 


ment of pump 
Pressure in A gp 4g pounds per 
square inch 119.6 119 


—— in receiver, pounds per square 











84 8.4 
Vacuum, inches of oh ote 25.9 25.7 
Barometer ” seventy ou owe 29.760 “deg. 
Temperatare,engine-room as, ss 37 
” flue ... des eee ese 396 404 
” chimney ... one ono 232 261 
. hot well 8 ws te 103 104 
” feed water... ia ese 125 130 
° — a Cl 368 375 
A few of the indicator 3 taken d the trials 


er of their 


taken, will com ves, my at ll may be 
directed to the perfect steam distribution, che 
le the exhaust line in the high-pres- 
sure diagram, and more to the diagram from 
the pamp, which, yA» is, in 
our opinion, uneq 
Numerous 


tained from a 


< Manmales of ths indiestes diagrams from ‘Be Een: 
tucket engines were given on th e two-page engraving pub- 
lished in our number of September 5th last. 





The 
of these diagrams are appended . 


iy eal 
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Results of Calculation of Diagrams. 


in. Ib. 
Scale of high pressure diagrams by experiment : = oT 
i“ paeoll eo a 1 = 51 02 
” air pump ” ” 1 = 11.74 
lbs. per sq- in. 
Average pressure, high pressure diagrams 53.77 
‘ low Pa 15.13 
” pump ” 113.26 
, air pump ” 4.92 


During the time that these di were taken the 
average water pressure was 112.2 1b. per square inch, so 
that the power required to overcome the friction of the 
pump and lift the valves was 113.26 —112.2=1.06 lb. per 
square inch. Reducing the mean pressure on steam pistons 
to equivalent pressure on pump plunger, it is found that 
mean pressure on high-pressure faye is equivalent 
to om ss ® 


Se ° > 114.28 lb. per square inch. 
Same on low-pressure piston 
is equivalent to ... w+» 129.02 ra ” 





Mean of the two ... oss SALE gn 9» 
From which it appears that the efficiency of the pumps 


as indicated by the water pressure is ta 0.92 of 





the indicated power of the engines. 


The average revolutions per minute during the time in 
which the di ms were taken were 50.1, from which it 
is found that the mean indicated power of the air pump was 
1.46 horse power. 

Some weir measurements of the water delivered by the 

umps, made by the chief engineer of the Pawtucket Water 
orks, December 27, 1878, have been submitted to us for 
computation. ’ : 

In these experiments a Francis weir embodying some 
novel features in the details of its construction was em- 
ployed. The water delivered by the pumps was discharged 
through a slit in the delivery pipe, }in. wide and 16 ft. 
long) into the weir box, passing t, h slatted openings 
for the purpose of producing an even flow. The width of 
the weir box was Bit, and the throat of the weir was 3 ft. 
in width. The mean height on the weir, during a run of 
55 minutes, was 0.63454107 ft., from which the discharge 
in cubic feet is found to be 


3:800 x 3.33 x (0.68454107)* x 2.873091786=15,957.3663, 
to which is to be added 1.56 cubic feet of water that leaked 
through the relief valves. During the trial the engines 
made revolutions, so that the delivery, calculated from 
the plunger displacement, was 5.6953 x 2.839=16,178.8996 
cubic feet, and the actual delivery of the pumps was 


15,958.9263 _ 0.98693 of the plunger displacement. 
16,178.8996 





THE METEOROLOGICAL SOCIETY. 


THE usual monthly meeting of this Society was held on 


the 17th inst. at the Institution of Civil Engineers, Mr. C.| J 


Greaves, President, in the chair. T. Buckland and G. 
Wigner were balloted for and duly elected Fellows. 
he following papers were : Ona Sand Storm at 

Aden, July 16, 1878,” by Lient. Herbert H. Russell, 
(8th Re af 
Dines, F.M.S. This is a modification of the hygrometer 
which was first described at the British Association 
meeting in 1872. The outside dimensions of the instru- 
ment, inclusive of the woed ring, are about 10in. in length, 
3in. in breath, and 2in. in depth. The upper,part consists 
of a vessel of thin metal 6in. long, 2} in. b: , and 1} in. 
deep. Beneath this, and detached from it, but connected 
by a pipe, is a small chamber 2}in. long and 1}in. deep 
from back to front, standing about } in. more forward than 
the vessel above, and with a piece of thin black glass in 
front. Inside this chamber, parallel to the front, is a 
division which separates it into two parts. is division 
does not extend quite to the top of the chamber, and is 
slightly turned over towards the front, so as to allow water 
to pass over it, and to induce the latter to flow more 
directly to the centre of the front of the chamber. The 
upper vessel is connected with the bottom and back part of 
this chamber by a small Pipe, with a tap to it which is 
turned from the outside. e front of the chamber has a 

ipe attached to the bottom, passing upward in an inclined 
Section. and terminating at the outside in a small lip or 
spout. A thermometer, with the bulb inside and over the 
front of the chamber, passes through an india-rubber 
collar at the top of it, and is protected by a ve sunk 
in the face of the wooden case. The action of the instru- 
ment is as follows: Water, of a lower temperature than 
the dew point, is placed in the upper vessel, and on the ta 
being turned flows into the back of the small chamber, a 
thence passing over the top of the middle division flows 
downwards, cooling in its passage the thermometer and 
black glass, and eventually escapes by the small spout on 
the right side of the instrament. As soon as dew appears 
on the glass, the flow of the water is ae by means of 
the tap, and the temperature is read off by the thermometer. 
When ether is used, it is poured into the small spout, 





down the inclined pipe, and remains in the fron part | and 


passes 

of the chamber. A piece of metal tube ground so as to fit 
tightly the inclined Ri , and with an aspirator attached, 
is then inserted, and the dew point is ascertained in the 
same way as by Regnault’s hygrometer. 

The Diurnal of Atmospheric Pressure,” by R. 
Strachan, F.M.S. author has compiled a table of 
constants from thirty places in various parts of the globe, 
which su port Sir John Herschel’s remark that ‘‘ the 
diurnal tion of the barometer is a phenomenon which 
invariably makes its appearance in every part of the world 
where the alternation of day and night exists, and that 
within the Arctic circle the diurnal dies out, or rather 
merges in the annual oscillation.” 


3 ‘*On a New Form of Hygrometer,” by G. | di: 





‘* Note on a Curious Fracture of a Solar Radiation 
Thermometer,” by M. Whipple, B.Sc., F.R.A.S. 
Mr. R. H. Scott, F.R.S., exhibited and described a new 
form of sunshine recorder, which is to be used during the 
ing year at a considerable number of stations distributed 
over England. 





SHIPBUILDERS AND THE BOARD OF 
TRADE. 
To THE EpiTor oF ENGINEERING. 

Srtr,—In the dispute regarding the s.s. Pizarro, are the 
Board of Trade officials right in preferring brass to iron 
for elbow pipes? Would not the galvanic action between 
the brass pipes and the iron skin of the ship, by hastening 
the corrosion of the latter, cause a greater Trager than the 
one they seek to avoid P 

December 19, 1879. Nemo. 


IMPROVED PORTABLE ENGINES. 
To THE EDITOR oF ENGINEERING. 

Srr,—If it will be any consolation to Mr. Hartnell, allow 

me to remind him that 
‘* There’s many a flower born to bloom unseen, 
And waste its sweetness,’’ &c. ; 

that there are many besides himself whose designs and 
schemes are consigned to the limbo of disappointed hopes. 
I could show him drawings amongst others of portable 
engines with wrought-iron frames made several years ba 
In my plan I did not put the cylinder and frames on stilts 
as in Messrs. Davey, Paxman, and Company’s | e, nor 
did I make the cylinder carry the frames as in Turner’s 
and Hartnell’s, but the frames are secured to the boiler at 
one end with provision for expansion at the other, and 
carry the cylinder and engine entirely, which appears to me 
to be the proper function for frames to perform, in other 
words, it is a locomotive with the — above the boiler 
instead of underneath. I still believe that portable engines 
will be made in this manner, and also that they will soon 
cease to be classed by the stupid and valueless term of 
horse power. 





I am, Sir, yours a 
J. J. TYRRELL. 
Lincoln, December 22, 1879. 


NOTES FROM THE SOUTH-WEST. 
The Rhymney Valley Coke Trade.—It was stated about 
a fortnight since that orders had been issued to get more of 
the coke ovens at the White Rose Colliery, New Tredegar, 
ready. This has been done, and several of the ovens 
have been lighted up, as there is a brisk demand for coke. 


Cyfarthfa.—A new mill has been started at the 
Cyfarthfa Works for making nail rods. A recent wages 
dispute has terminated, the men receiving an advance. The 
settlement of this dispute has given great satisfaction in 
the district. 


New Steamer for Cardiff.—A steamer has been launched 
from the yard of Palmer’s Iron and Shipbuilding Company, 
arrow-on-Tyne, to the order of Messrs. J. and R. Bovey, 
of London and Cardiff. As she left the stocks, she was 
christened the Devonia. She has been built under special 
supervision for general trade. Her engines, which are 
supplied by the builders, are of 130 horse power; her 
imensions being—length from mdiculars 242 ft., 
breadth 33 ft., and depth of hold 20 ft. 2 in. 


Wages at Tondu and Maesteg.—Mr. W. Blackmore, 
manager, has announced to the mill and forgemen at the 
Tondu and Llynvi Works an advance of 10 per cent. to 
commence at once. 


The Severn Tunnel.—Major Ford, R.A., inspector of 
explosives, in making his report upon the circumstances 
attending a recent fatal accident in the Severn Tunnel, de- 
meee the conduct of the manager in not allowing more 


ime to intervene for ventilation. 


NOTES FROM THE NORTH. 

Gtascow, Monday. 
Glasgow Pig-Iron Market.—Last Thursday’s warrant 
market opened very firm, and the combined strike amongst 
the Motherwell “| Hamilton district coalminers, combined 
with heavier sales, said to be largely for the American and 
German markets, again sent prices considerably up. Busi- 
ness opened in the morning at an advance of 6d. per 
ton, the price paid being from 61s. 14d. to 61s. 4}d. cash, 
and from 61s. 44d. to 61s. 9d. one month, sellers over at the 
close at the higher quotations, and buyers — 14d. 
less. In theafternoon, from 61s. 14d. to 61s. 6d. cash, and 
from 61s. 6d. to 61s. 10}d. one month were the quotations, 
and the market closed with buyers at 61s. 6d. cash and 
61s. 9d. one month, and sellers wanting 14d. perton more. 
The warrant market was again strong on Friday, and 
opened at an advance of 1d. per ton, of which, however, 
dha. was lost by the close. Business opened in the forenoon 
at 62s. 6d., but the quotations to 62s. 3d. cash and 
62s. 6d. one month, buyers over at the close at the lower 
. Prices ra in the afternoon from 62s. 3d. to 
. 14d. cash, and from 62s. 8d. to 62s. 3d, one month, 
closing buyers at 62s. cash and 62s. 4}d. one month, 
sellers aski 1}d. more. There was thus an 
advance of 2s. 43d. ton over the week. This day’s 
market was exceedingly strong during the forenoon, 
when a large amount of business was done at from 63s. 6d. 
to 65s. 3d. one month, also at from 63s. 6d. to 64s. 10d. 
cash, eee over at the close at the top pricé, and sellers 
aski 4d. more per ton. The afternoon market also 
° firm, and business was done at 65s. 3d. cash in four- 
teen days and 65s. 4$d. one month, from which the price 
= ly receded to 64s. 3d. cash and 64s. 74d. A 
uyers at the close offering 64s. 4}d. cash and 64s. 9d. one 
month. There continues to be but one feeling in the 
market, which is to buy irov. Expectations of higher 
prices in the spring become every day more confirmed, and 





the belief grows stronger as the price advances. The buy- 
ing power Equite marvellous, and no matter the ently 
of warrants on sale, they are readily taken, usually leav- 
ing engst unsatisfied, Shipping iron has been in 
great demand. Makers’ prices have repeatedly ad- 
vanced all round, the total advance being in some cases 
2s. 6d. per ton, and in others up to 5s. A large quantity 
of iron continues to be sent from the makers’ yards to the 
warrant stores, where the stocks in Messrs. Connal and 
Co.’s keeping stood at 411,525 tons on Friday night, the 
increase for the week being 7181 tons. One blast furnace 
being now in at the Almond Iron Works, the total number 
in operation is now 100, as against 92 at the same 
date last year. 

Manufactured Iron.—There is an exceedingly strong 
demand for manufactured iron, and various brands have 
been advanced lately to the extent of 10s. per ton, while a 
number of the firms are so well booked ahead that = 
decline. Practically all the available furnaces and mi 
are now in full swing. 


sate emery Py ae 1 ee the 
quarterly meeting of the tees erson’s 
held tovday, the President, Mr. J. L. K. Jamieson, said he 
ly attended a meeting held in the Merchants’ 
Hall, at which there were distributed the prizes and 
certificates awarded to successful pupils in the Applied 
Mechanics’ Classes by the Science and Art Department, in 
connexion with the examinations held in May last. He 
was glad to find that these classes were progressing very 
satisfactorily. He found that at the classes of applied 
mechanics conducted in the college there were in 1876-77 
97 students on the roll while in 1879-80 the names on the 
roll numbered 235. The percentage of attendance in the 
first instance was 70, and in thé second 85. On looking at 
the returns which had been prepared he ascertained that 
for the whole United Kingdom 323 papers on various sub- 
jects were sent in prior to last examination. Of these 271 
were placed in the first or second class, 114 being in the 
first. The total number of papers worked on scientific 
subjects in the United Kingdom was 12,499. Of these 
papers, 22 per cent. were placed in the first class, 42 per 
cent. in the second, and 35 per cent. were failures. On 
comparing the results of their own classes, he found 
that 35 per cent. were placed in the first class, 48 cent. 
in the second, and only 16 per cent. were failures. That was 
‘to say, that their success were 30 per cent. more than 
the average of the whole United Kingdom, and their 
failures were only a half. He was convinced, he said, 
whatever might be the opinion of others, that with regard 
to the education in the various industries connected with 
this great city, as far as applied mechanics were concerned, 
the advantages afforded in that institution were greater 
than were to be met with in any other institution in 
Europe. And so far as mechanics were concerned, he was 
convinced they were training up a class of young men who 
would be far more useful to the next generation than any 
similar body of young men trained either in Germany or in 
the London University. He had great hopes that the class 
in that college would make as great progress in the future 
as it had done in the past. 


Shipowners’ Courtesies.—It has just been announced 
thatthe new Inman Line steamer now building at Barrow- 
in-Furness is, out of compliment to Mr. John Burns, an 
eminent Glasgow citizen, and the leading member of the 
Cunard Company, to be called by that gentleman’s name ; 
and not to be beaten in courtesy, Mr. Burnsj}has determined 
that the name of the new Cu steamer now building on 
the Clyde shall be William Inman. At first she was to have 
been called the Sahara, but about a fortnight or so ago, the 
name Servia was resolved on instead. 


A Steel Yacht.—Mr. N. B. Stewart, a well-known Clyde 
yachtsman, has just placed an order with Messrs. Cunliffe 
and Dunlop, Port-Glasgow, for a new screw steam yacht of 
600 tons, which is to be built of steel. Her engines will be 
of 500 indicated horse r. Mr. St. Clair Byrne, Liver- 
pool, is the designer of the yacht. 


The Bicycle and its Capabilities.—Last Thursday 
evening Professor J. D. Everett, F.R.S., of Queen’s 
College, Belfast, delivered an interesting lecture on this 
subject to a large and appreciative audience. Bailie 
Thompson presided, and briefly introduéed the learned 

rofessor, who referred at the outset to the benefits of 
healthful exercises on the human frame. He next enu- 
merated the advantages of the bicycle as a means of re- 
creating the frame, and stated the various speeds at which 
experts could travel—100 miles being now accomplished in 
6 hours 27 minutes. He then gave an account of his first 
trip on the bicycle from Holyhead to Bangor, illustrating 
his route with the aid of a map. During the journey he 
rode over 1000 miles, and in the euscselions year he went 
over a large portion of France. Coventry was the main 
seat of the manufacture of the bicycle, but many were 
made in Sheffield and elsewhere; and it was worthy of 
note that at the present time there were over 300 different 
kinds. The machine was a very powerful auxiliary to 


Soiieeas Tpke the Magn. ors MA Soe ea 
atigue, on a journey throug 
the beautiful towns _ villages 4 


at their own pleasure, they 
could enjoy life. Since he had taken to bicycling he had 
become strengthened in nerve and limb, was, in fact, 
in every way a better man, and he advised his audience to 
= do likewise. It may be remembered that the late 

essor Rankine gave a good deal of scientific considera- 
tion to the same instrument. 

Institution of Engineers and Shipbuilders.—The first 
annual dinner of the Graduates’ Section of the Institution 
of Engineers and Shipbuilders was held in the Royal Hotel, 
G ww, last Friday evening. r. John F. Miller, 

‘dent, occupied the chair. The toast of ‘‘ The Institu- 





la 
res: 
Fon” was replied to by Mr. Robert Mansel, the president, 
who was present as one of the guests. 
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COMPULSORY BOILER INSPECTION. 

On the 8th of August last we pointed out that 
the occurrence of so many explosions of boilers en- 
rolled in some of the inspection and insurance com- 
panies during the ten years ending December, 1878, 
is @ very serious reflection upon the manner in which 
the inspections are carried out and upon the manner 
in which the recommendations for insuring the 
safety of the boilers are enforced. If further proof 
of this were needed, it is to be found in the fact 
that three more fatal and disastrous explosions of 
insured boilers have occurred during the last five 
months. 

We have already shown that the evil arising out 
of the competition of the various boiler insurance 
companies should be met by making the independent 
and periodical inspection of boilers compulsory, 
this being required to strengthen the hands of the 
boiler a in overcoming the apathy of boiler 
owners. ‘he mere mention of compulsory inspec- 
tion produces in the minds of steam users a strong 
repugnance to having their works opened to Govern- 
ment officials armed with full power to out 
hard and fast rules and regulations for stopping and 
preparing the boilers at inconvenient times for ex- 
amination anc hydraulic testing. We may at once 
dismiss from our readers’ minds the idea that the es- 
tablishment of anysuch harsh Governmental interfe- 
rence is contemplated by us when we advocate com- 
pulsory inspection. We here repeat what we have 
already stated, that we would allow steam users to 
choose their own independent inspectors. This at 
once disposes of the objection to having the works 
of steam users visited by Government boiler in- 
spectors. Of the competence of unofficial inspectors 


be have ponte stated that me objection 
urged against comp inspection on the 
that it would “ lessen the responsibility of the steam 
user” cannot be maintained by those who 
With a view to exposing absurdity 
objection we cite the following case, which with 
many others has come under our notice, An owner 
had his boiler examined by an independent inspector 
who condemned it as being unsafe at the pressure at 
which it was worked, Two years afterwards the 
same ins r examined the beiler again and con- 
demned it a second time. His advice was still dis- 
regarded, and the result was that the boiler exploded, 
killing two men and injuring three others. At the 
inquest the jury returned a verdict of accidental 
death, and stated they considered the owner had 
committed an error of judgment in working the 
boiler at the pressure after the advice of the inde- 
pendent inspector. When the owner is not held 
responsible even in such a nt case of reckless- 
ness as this, what force can there be in the argument 
that compulsory inspection will diminish responsi- 
bility ? Tn one of the very rare cases where the 
boiler owner has been committed for manslaughter 
after an explosion, the responsibility was brought 
home to him in consequence of his working the 
boiler after having been warned of its unsafe con- 
dition by an independent inspector. In a great 
many cases, the juries have returned a verdict of 
accidental death, and held that no one was to blame, 
yet they have recommended the owners to have 
their boilers periodically inspected, or to use 
adequate boiler fittings, and other means of insuring 
the safety of the boilers. These verdicts and re- 
commendations are tantamount to saying to the 
owner “ you are innocent of the death of these per- 
sons, but take proper measures not to kill any more.” 
Hitherto the owner has, with one or two noteworthy 
exceptions, been able eventually to clear himself of 
any responsibility he may have been supposed to 
have, and it is absurd to speak of lessening his 
responsibility when experience shows that none 
practically exists, whatever the law on the subject 


may be. 

When the objection is advanced that compulsory 
inspection would lessen responsibility, it is often 
meant that the “sense of responsibility” would be 
diminished, and not that the legal responsibility 
would be removed. Wecontend, however, that the 
sense of responsibility would in most cases be in- 
creased rather than diminished by compulsory in- 
spection, The boiler owner does or does not 
possess a practical knowledge of boiler construction 
and management. If he does know anything about 
boilers practically, he must be aware that periodical 
independent inspection is only meant to supply him 
from time to time with accurate information about 
the strength: and condition of his boilers at the 
period of inspection, which information he would 
lapses.’ not so well otherwise obtain. He must 

equally well aware that this information in no- 
wise affects the care and watchfulness that should be 
used in the ordinary working of the boiler. Should 
the inspector’s report reassure the owner as to the 
strength and soundness of his boiler, no doubt his 
feeling of security will be increased, and his sense of 
responsibility will be for the time correspondingly 
diminished. Should the inspector’s report call at- 
tention to some indication of weakness due to 
corrosion or defective construction or to some neglect 
in cleaning, repairing, or working the boilers, it will 
certainly not tend to diminish the owner's sense 
of responsibilty. It is only on the supposition 
that the independent inspector is likely to be less 
competent than those previously answerable for the 
condition of the boiler that any objection against 
compulsory inspection can be raised, on the ground 
that it would tend to lessen the owner’s sense of 
responsibility. On the other hand, should the 
owner not have any practical knowledge of boilers, 
the periodical visit of the inspector followed by a 
report enumerating the defects and recommending 
necessary alterations with a view to increase the 
safety of the boiler, can only have the effect of re- 
minding the owner of his responsibility by bringing 
it more fully before him, of tending to fasten 
the responsibility upon the owner in the event of 
an explosion taking place through his neglecting 
to carry out the inspector's recommendations. 

The objection to compulsory mageapen that 
carries most weight with engineers of standing is 





that it would tend to retard progress in steam en- 
gineering. We admit that this objection would 


“of this| ast 





pelled to ne down rules for the guidance of its 
officials, who would simply have to follow these 
rules to the letter, and not be guided by their ex- 

ence and common sense in exceptional cases, and 
pring t= rules — make no allowance for novelties 
or departure from existing practice, progress in 
boiler maiaelae would inevitably ie retarded. 
But as no hard and fast rules or red-tapeism are 
contemplated in the measures for compulsory in- 
spection we have in view, this objection falls to the 


ground. 
Another objection is that compulsory inspection 
would tax steam users unnecessarily since they would 
have to bear the cost of inspection. We grant that 
most taxes are regarded as an evil, and where not 
required for the well-being of the community their 
imposition is to be resisted. It would, however, 
not be difficult to show from the verdicts returned 
ata great many inquests, that the public consider 
they have a right to be protected at the owner’s ex- 
pense from the danger of having boilers of defective 
construction or in a worn-out condition placed in 
crowded localities and oftea under the pavements of 
ublic thoroughfares. But regarding the matter 
rom an economical point of view, we hold that in 
the great majority of cases the cost of inspection, 
which need not average more than, say, 30s. a year 
for each large boiler, would be refunded to the owner 
by the saving that would result. This saving is 
effected in various ways by independent i on, 
apart from that of drawing attention to and removing 
causes of wasting and corrosion that would eventually 
lead to costly repairs or greatly shorten the life of 
the boiler. In the case of boilers having large in- 
ternal and external flues a proper preparation for in- 
spection insures the effectual cleaning of the ao ee | 
surface every time the boiler is ess Yay | examined. 
The sweeps and men usually employed for cleaning 
flues consider their duty performed when they have 
removed the bulk of the cinders, soot, and flue dirt, 
and rarely think of sweeping or scraping the furnace 
tube and shell plates. My 2 many cases the en- 
gineers who are answerable for the working of the 
boilers, are too large, both literally and figuratively 
speaking, to follow the sweeps through the flues, and 
where there is no independent inspection, the heat- 
ing surfaces are left for years A iarpecan 3 untouched 
and remain covered with a thick coating of tarry 
deposit and soot, which are more effective non-con- 
ductors of heat than the hard scale from the feed 
water, upon the removal of which the boiler cleaner’s 
energy is usually expended. Except in works where 
the boilers are exceptionally well appointed and 
the hints and i dropped by an 
intelligent inspector and the advice given in the 
report following his visit, when carried out, fre- 
quently lead to a saving of as many pounds as the 
inspection costs shillings. ‘The amount of steam 
that escapes by defective fittings and the amount 
of heat that is by radiation, defective firing, and 
from the neglected condition of the heating surface 
is enormous, and a system of compulsory boiler in- 
spection that would not unduly harass steam users 
would effect a substantial national saving. Com- 
pulsory inspection would tend in a few years to 
raise the general standard of steam generating 
throughout the country, as it would cause the ge- 
neral run of steam generators to assimilate to the 
best examples in any given district, 
It is often urged that no system of pre tore 4 
i ion would totally — boiler explosions, 
To this objection it may be replied that if it could 
have been shown that ny inspection is 
capable of preventing all boiler explosions, public 
opinion would long since have had it ied into 
effect. It must of course be conceded that as 1 
as explosions are likely to occur from shortness 0} 
water, overloading safety valves, and other forms 
of angmepens and recklessness, or in other words, 
from boiler attendants not being infallible, as we 
as from defects of material that may — the 
closest scrutiny, the entire prevention of explosions 
cannot be accomplished. But the explosions that 
are due to the above causes form only a small pro- 
— of the i that a place, and com. 
inspection will prevent the great majority 
oF explosions that are due to malconstruction, in- 
te and external corrosion, fractures, badly 
executed irs, and defective or inadequate fit- 
tings. If it can be shown, and no one with an inti- 
mate practical knowledge of the subject doubts 
that it can, that compulsory inspection will greatly 
diminish the number of boiler explosions and loss of 
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life, and that it will be a t national benefit re- 
economically as as from a humanitarian 


point of view, there is no force in the objection 
that compulsory inspection will fail to prevent all 


losions. 
t is frequently urged against the adoption of 
comp i that it would not increase 
the safety of the thousands of very small boilers 
used in the numerous minor industries all over 
the country, as owing to their small dimensions 
these boilers are not capable of being satisfactorily 
examined internally. Whatever force this objection 
may have is becoming less year by year, as small 
steam en and boilers are becoming gradually 
replaced by gas engines. Steam users are becoming 
alive to the fact that a steam engine is not the 
motor for small industries, and engineers will have 
to acknowledge this, however much their interests 
and prejudices may at present tempt them to ignore 
the fact. In a few years many small steam engines 
and boilers in all towns will be replaced by gas engines 
which are free from the danger of a boiler explosion, 
and are more and handy than steam 
engines and boilers. There will, however, always be 
a number of small boilers where steam is required for 
boiling, heating, &c., and compulsory inspection will 
be beneficial, in — that these are furnished 
with adequate fittings and are properly constructed. 
Assmall boilers can be made with a very large 
factor of safety, their internal examination in every 
a is not of so much importance as in a large 
er. 


Some eminent engineers, who however lack a 
practical experience of the working of any system 
of boiler inspection, have objected to the establish- 
ment of compulsory inspection, on the ground that a 
boiler inspector with a wage of from two to three 
pounds a week, and only a degree removed from an 
ordi workman, is not competent to decide 
whether any given boiler is safe or not at a certain 
pressure, or to dictate to boiler makers and factory 
or colliery engineers about the construction and 
management of their boilers. The engineers who 

e thus are evidently not aware that it is not 
left to the inspectors of the various ——— and 
insurance companies to say whether the boilers they 
examine are safe or not. The duty of the inspector 
is mainly to examine the boiler and give a faithful 
report of its age, construction, setting, equipment, 
and condition. ‘The duty of deciding whether the 
boiler is safe or not at the working or blowing off 
pressure, and of reporting to the owner, devolves 
upon the inspector's os gee who are, or ought to 
be, skilled mechanical engineers of considerable 
attainments and experience. Under any satisfactory 
system of compulsory inspection the same relation 
between the owner, engineer, and inspector should 
be maintained. 

Another objection frequently advanced against 
—— inspection is that it will tend to the 
esta ment and perpetuation of certain types of 
boiler to the exclusion of all others. Judging from 
the general practice of the Manchester school of 
boiler engineers in recommending internally-fired 
boilers in preference to boilers externally fired, 
without due regard to the exigencies of particular 
cases, there appears at first sight to be some force in 
this objection. But by allowing boiler owners to 
choose the approved independent engineer who shall 
inspect their boilers, no violence to the feeling in 
favour in which certain types of boilers are held in 
various districts need be apprehended. It has been 
already found by experience that an inspecting 
engineer whose field lies chiefly amongst plain 
eylindrical boilers will prefer these to boilers inter- 
nally fired, By adopting compulsory inspection on 
the basis we advocate there will be less tendency to 
reduce all boilers to one type than there is at present, 
owing to the great majority of steam users who have 
their boilers i in different parts of the 
country being under the influence of the Manchester 
boiler engineers. 


WATER BALLAST STBAMERS. 

A Great deal has been written during the last 
few weeks about the unsafety of merchant vessels 
built with double bottoms for the pu of carry- 
po Bt i ages the deter several such 
vessels employed carrying grain across the At- 
lantic. ese double bottoms are filled with water 
for ballast when the vessels are light, but in comin 
home laden with grain they are usually empty, ant 
as several of them are known to have capsized, and 
others have never been heard of, it tees Ba 
that many people should, as in the case-of H.M.S, 








Captain, connect the capsizing with the air spaces 
in the double bottom, 

The cases are, however, entirely dissimilar, as 
may easily be explained in a few words. They are 
alike only in the possession of double bottoms, and 
in coming to the same end. 


The Captain ca under canvas, and even her 
a have itted she would have been safe 
if not masted, while these merchant steamers capsize 


without a stitch of canvas, and with very little top- 
weight of masts or 

The Captain carried an enormous weight of side 
armour, turrets, and guns above deck in addition to 
heavy masts and rigging, but owing to her great 
beam she had still sufficient stiffness to stand 
up under her canvas in ordinary weather. Her 
danger lay in having a low freeboard combined with 
the above properties which made her lose stability 
and become treacherous when she got beyond about 
14 deg. inclination. 

Merchant steamers differ from war ships in this, 
that the weight they carry over and above that of 
the hull, machinery, coals, and stores goes into cargo 
which is stowed in the hold, most of it below water, 
instead of as in the war ship being devoted to armour 
and armament most of which is above water. Con- 
sequently, other things being [equal, merchant 
steamers should be much safer against capsizing than 
war ships. But other things are not equal. 

Granted the merchant steamer has much less 
beam than the war ship, which is the case and 
reasonably so, still if both vessels have equal stiff- 
ness or initial stability in still water, the merchant 
ship should, as a rule, be the safest against capsizin 
because her weights are incomparably lower ont 
her stability at large angles of heel would almost 
inevitably be greater on this account. The great 
point of difference is this: that the weights in a war 
ship are fixed secure, practically immovable at sea in 
heavy weather, whereas m t vessels are too 
often so loaded that the cargo is capable of movin 
to one side or the other at sea, and the officers fo 
crew on board have no control over it. This is es- 
pecially the case when car, of grain are carried 
in bulk, and unfortunately hundreds of steamers 
are engaged every winter in carrying grain in bulk 
to this country from the Black Sea and America. 

The loss of life and property in the winter of 
1878-4 in this trade was something appalling, and 
this winter it has, sad to say, al 'y reached an 
alarming extent. Grain in bulk is much in the con- 
dition of a semi-fiuid, and if it has a free surface— 
that is, if it does not absolutely fill the hold or com. 
partment it is stowed in—it is bound to shift when 
a vessel is rolling at-sea. It is for this reason more 
dangerous than an absolutely fluid cargo, because 
with the latter it would only be necessary to fill the 
compartments quite full, insure the air being all out 
for this purpose before starting on the voyage, and 
keep everything tight, when the ‘fluid cargo 
would be absolutely secured from any danger 
of shifting. With a grain cargo, however, the 
hold may be apparently filled right up before 
starting, and after the ship has been rolling 
about at sea for a day or two, it may be found to 
have settled down, leaving a space above for shifting 
sufficiently large to compromise the safety of the 
ship. This settling of the cargo is the point to be 
overcome or rendered innocuous if grain cargoes are 
to be carried in bulk with safety. The modern 
appliances for loading grain, however, are directly 
op to the progress of safety in this direction, 
and we consequently hear an outcry from shipowners 
themselves in favour of returning to the old 
system of carrying grain in bags instead of bulk. 

This is an intelligible cry, and one likely to do 
nfuch good indirectly if not directly. If a return is 
not made to bags) t can be little doubt that a 
greater expenditure-will have to be made on more 
efficient shifting boards, more time will have to be 
devoted in loading to insure that the cargo is 
trimmed into all the empty spaces under the beams 
and decks, and better means ey for refilling 
the holds at sea from grain carried in bags. 

In addition to this outcry against carrying grain 
in bulk, is the far less reasonable one we first alluded 
to, viz., against merchant steamers being fitted with 
double bottoms for the purpose of carrying water 
ballast; and especially against such vessels being 
en in the in trade. 

There can be little doubt that owing to the double 
bottom, the grain cannot be got quite so low 
down as in a vessel with simple floors and ceiling, 
but when we think how much lower it still is than 
the weights of a war ship, it is obvious that this alone 





cannot lead to unsafety. The simple fact is that if 
the cargo is to be lifted a little, the beam of: the 
ship should he correspondingly increased to insure 

cient stability to the vessel when so loaded, 
Doubtless a vessel loaded with grain on empty 
water-ballast tanks might be too tender—many of 
them are too tender—but the outcry should be 
against their being so narrow not against their hay- — 
— bottoms. 

anics almost invariably arise in the shipping 
world when di rs come thickly, and when di- 
rected rightly they do good. If wrongly directed 
they only tend to create unsound prejudices, and 
have no lasting beneficial influence whatever. In 
1874 prejudice ran against double bottoms in the 
merchant service so strongly, especially among un- 
derwriters, that had they not become a necessity of 
trade they would have been driven out of existence. 
It should have run against the folly which induced 
people to build deep double bottoms in new vessels 
without an adequate increase of beam to afford 
necessary stability. The small beam being itself 
the result of prejudice, or rather arising from the 
fallacious belief that a narrow midship section and 
full ends is easier driven through the water than 
a large midship section and fine ends, it would have 
been of immense benefit to the mercantile marine 
had the panic of 1874 been directed against the 
real source of mischief instead of vainly expending 
itself as it did against double bottoms, which pro- 
perly understood and applied are as much a source 
of safety as they are of profit. 

The commercial advantages of water ballast, as 
well as the different arrangements for carrying it, 
were well illustrated by Mr. Martell, the chief sur- 
veyor of Lloyd’s Register of Shipping, in the able 
and interesting paper read by him before the In- 
stitution of Naval Architects at their meetings in 
Glasgow in 1877. Among the different modes of 
constructing these double bottoms, Mr. Martell de- 
scribed that of the s.s. Fenton, built in 1876 by 
Messrs. Austin and Hunter, of Sunderland, which 
was the first merchant ship built on the longi- 
tudinal and bracket = system, one somewhat 
resembling, although different in many important 
points from the Admiralty bracket system of 


construction. We have recently been supplied 
with more complete plans of this vessel than were 
given by Mr. and we publish them, to- 


gether with a section of the s.s. Ridge Park by the 
same builders on page 490. These sketches are 
of more than ordinary interest at the present time, 
because in a modified and iuqvores form the longi- 
tudinal and bracket system of construction has been 
rapidly extending in the mercantile marine during 
the last twelve months, and bids fair to supersede 
entirely the old system of transverse floors with the 
double bottom supported on longitudinal girders 
inside the floors ol framing proper of the ship. 

The Fenton was a vessel 200 ft. long, 31 ft. 
broad, and ]4 ft. deep, and her design did not err 
on the side we have been complaining of, viz., too 
little beam. She was, as will be seen by the dimen- 
sions, by no means a large vessel, or such a one as 
would loudly call for a longitudinal system of con- 
struction, andin vessels of this size very little in the 
way of longitudinal keelsons in the bottom would 
be needed, with the bottom itself to supply ample 
longitudinal strength. In this respect, and also in 
respect to local strength, which is of more import- 
ance in small vessels that frequently load-on the 
ground, as well as in respect to transverse strength, 
the vessel appears to have been entirely satisfactory. 
And the same may be said of the Ridge Park and 
other vessels since built on the same rns. 
On page 490, Figs. 1, 2 and 5 show the Fenton as 
built. Figs. 3 and 4 show another arrangement for 
the same vessel. Fig. 6 is the midship section of 
the Ridge. Park, which was 13 ft. longer than the 
Fenton. The scantlings are shown on the sketches, 
and will be no doubt intelligible to our readers. 

In both vessels the frames and reverse frames are 
22 in. apart. Bracket plates and solid floor plates 
alternate with each other four frame spaces apart, 
and at every second frame space there are vertical 
angle-iron stiffeners to the longitudinal girders. In 
larger vessels, such as have been built by Messrs. 
Denny and other builders, the bracket frames 
are ed at every alternate frame, or about 4 ft. 
apart, the frames and reverse frames being 2 ft. apart. 
It is in large vessels that the gain from increased 
longitudinal strength is most felt, and in these Messrs. 
Denny Brothers, who have had the greatest ex- 
perience in this of construction, maintain, we 
understand, solid floor plates at intervals in addi- 
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tion to fitting the bracket plates at every alternate 
frame. 

All systems of ship construction, and this among 
the number, are so much matters of evolution and 
continual improvement, the growth in fact of many 
minds, that it would probably be impossible to 
identify it justly with any particular name. At the 
same time credit is due to builders like Messrs. 
Austin and Hunter, Messrs. ny, of Dumbarton, 
Messrs. Inglis and others, who;hawedaboured in this 
field of improvement in shipi@esigtruction, and also 
to the officers of Lloyd’s Registemjof Shipping, who 
have shown a readiness to assist: iideveloping such 
systems of construction and to takeupon themselves 

e responsibility which such @ eourse of progress 
necessarily entails. It is by such*co-operation that 
the mercantile marine of Great Britain has reached 
the proud position it now occupies, and that this 
country has come to be the almost sole producers 
of ships for the civilised world. And it is by con- 
tinuation in the same course that we can best ho 
to overcome the competition that is likely to arise in 
the future. 


LAYING THE MARSEILLES-ALGIERS 
CABLE. 

AFTER a depression lasting for several years past, 
there has been during the present year a distinct 
revival of submarine cable work on a large scale. 
The laying of the new French Atlantic, the great 
Cape cable, the duplication of the Australasian line, 
the submersion of the» new German-Norwegian 
line, and the duplication of the Marseilles to Algiers 
cable, are the most important of these operations, 
It is with the latter that we propose to deal in this 
article. 

There has always been a singular mantle of 
reserve flung over the manufacture and deposition 
of submarine cables. Contractors have been in the 
habit of guarding their processes with jealous care, 
not indeed from the public, but from the professional 
eye, as if they had their-dark. secrets to preserve ; 
and the awful mysteries of a telegraph ship have too 
frequently sat like a nightmare on the minds of all 
connected with them, We will not inquire into the 
origin of this strange feeling further than to remark 
that it. has probably .arisen. from the .searching 
scrutiny imposed upon the company’s engineers on 
the one hand, and the: occult and hazardous nature 
of the work together with the gigantic moneyinterests 
at stake on the other. The consequence: has. been, 
however, that notwithstanding the large number of 
cables made and laid, very little practical information 
concerning them has ever been published. Our best 
text-books are innocent of descriptions and illustra- 
tions of cable machinery, and the technical art of 
the subject, Even the Proceedings of the Society 
of Telegraph Engineers are almost destitute of any 
information of the kind, although the erection of 
land lines in various parts of the world has been 
treated again and again in them with monotonous 
fullness, It is matter for congratulation then that 
at last we are able to arrive at some definite and 
valuable facts connected with the practical opera- 
tions of cable laying as recently carried out on the 
Marseilles-Malta cable. For this industrial revelation 
we have to thank firstly the India-Rubber and Gutta- 
Percha Telegraph Company, of Silvertown, secondly, 
Mr. Robert Gray, the engineer of that company, 
and lastly, but particularly, Mr. E. Marsh Webb, 
electrician, for his excellent treatment of the subject 
in a paper to the Society of Telegraph Engineers at 
their recent gathering on the 10th inst. 

The first cable from Marseilles: to Algiers was 
manufactured and laid by the India-Rubber and 
Gutta-Percha Company in 1871] for ‘the French 
Government Telegraph Administration, under the 
superintendence of M. Aillhand. It consisted of two 
types only, shore end and deep sea; but of late, 

ough it has been duplexed after a method de- 
vised by M. Aillhaud and described in ENGINEERING 
(see vol. xxiv., page 74), the exigencies ‘of the traffic 
which now amounts to some 800 messages per diem, 
have necessitated the laying of a duplicate line. The 
new contract was also obtained by the India-Rubber 
‘Company, and the cable was made by them during 
last summer. The French engineers specified that 
it should have a copper resistance of not more than 
12 ohms knot ata yong wee of 75 deg. Fahr., 
the stan temperature for this:kind of measure- 
ment; an electrostatic capacity of not more than 
0.4 microfarads per knot; and an insulation resis- 


tance after one minute 0 tog. not less 
200 megohms per knot at 76 ‘deg. Fahr.) ‘It was ‘to 





of a seven-wire copper strand weighing! 





106 Ib. per knot, and insulated with three layers of 
gutta-percha weighing 139 lb. per knot, the total 
weight of the core being thus 245 1b. per knot. 
The core was suitably sheathed with hemp and iron 
wires. Fifteen No. 13 B.W.G. homogeneous wires, 
having a breaking weight of 5} tons and weight 
per knot of 1.58 tons, were used for the main or 
deep sea type, and for the intermediate, ten gal- 
vanised iron wires No. 6 B.W.G., minimum break- 
ing weight 6 tons, weight 3.16 tons, while ten 
No. 0 B.W.G. homogeneous wires, having a break- 
ing weight of 15 tons and weight of 10 tons, were used 
for the shore end. The shore end and intermediate 
types were coated with pitch in the usual way, and 

main was servéd with two layers of tape and 
then compound. The galvanising was also tested 
according to the custom of French electricians in 
four successive immersions for a minute at a time in 


a solution of one part panes of copper to five of | 


water. The cable was shipped on the 8.8. 
Dacia belonging to the India~-Rubber Company, a 
ship ially and admirably designed for cable 
work by Sir Charles Bright, and built by Messrs, 
Laird of Sunderland. She is a screw steamer of 
170 nominal horse power, with four large cable 
tanks and five small ones capable of mar, 
1500 tons of cable. On September 16 last she lai 

the shore end at Algeria by ae it on barrels 
fastened to it at regular intervals of ten fathoms 
and towing it ashore, when the fastenings of the 
barrels were cut one after another and the cable 
allowed to sink. This plan offers considerable 
advantages over the usual one of tugging a barge or 
raft laden with the cable ashore by means of the 
steam launch, under certain circumstances, such for 
example as the heavy and dangerous surf waves 
which break on the coasts of Peru and Southern 
Brazil, where even lifeboats, let alone steam 
launches, are apt to be capsized. 

The vast importance of taking soundings before- 
hand to ascertain the nature of the sea bottom on 
which such a valuable and vulnerable — as a 
submarine cable is to be laid, has been repeatedly ad- 
vocated in our’pages, and the engineers of the India. 
Rubber Company seem to have been fully alive to 
it; for ere edie cable was laid a systeniatic 
series of 143 soundings was taken on a diagonal 
track alongthe proposed route of the cable, Of this 
number 93 were taken by the Dacia night and da 
every 7 or 10 miles, the rest being, we wodewtend, 
taken by the French Administration telegraph ship 
Charente. The Dacia soundings were made by 
means of Sir W. Thomson’s pianoforte wire sound- 
ing machine, already detailed in ENGINEERING (see 
vol, xx., page 41)), but with the addition ofa novel 
self-adjusting brake, and an capes eye: of pe 
for facilitating the picking up of the wire. Figs. 1 
and 2 show the arrangement of brake, the: different 
parts being as follows : 


Fig. 2. 




















A is the drum on which the steel-sounding wire is 
wound, Bis a flange wheel (screwed on drum), and 
round which the brake strap, passes, C is a worm 
cut: in end of drum spindle, working in worm- 
wheel at end of lever D. D is the fore and aft 
shaft acting as a lever, and threaded, worked by 
worm-wheel at C. Eis a counterpoise running on 
guides, The threaded shaft D runs through it, and 


as the drum revolves works it outwards in propor- |i 


tion to the amount of wire paid out, is a 
fixed weight at end’ of lever D; it regulates 
the speed at which sinker descends,’ Gis the brake 
strap, one end fastened to shield, und after bein 
round B runs through the pulleys H H, an 
is connectéd to the lever at F. HH are pulleys 
guiding the brake strap from B on to lever.’ 
The automatic coun E for tending to keep 
the speed ‘of the d g wire uniform by ¢om- 
nsating for the added ‘weight of wire run out is, 
e think, ‘highly ingenious. “° © owt . 
"The arrangement of pulleys for furthering the 
picking up of the wire is shown in Fig. 3;where'A 





sind ho enaaaaed cee B the drum 
spindle, e on drum spindle connected 
by a band F to pulley No, 3 on level dat and D the 
lower shaft to which are attached three pulleys 1, 
2, and 3. Pulley No. 1 carries the wire E when 
picking ss to drum. Pulley No. 2 is connected 
to the r steam winch on board by a belt. 
Pulley No. 3 is connected to pulley C on drum 
spindle by band F, E is the wire, which when 
erat up is passed round ree No.1. Fis the 

lt between pulleys 3 and C. When the steam 
winch is required for picking up, this band is 
tightened by a block and tackle. The belt from 
the steam winch hangs loose until required ; it is 
then thrown on pulley No. 2 and tightened by 

















7 


block and tackle, . The strain when picking up is 
thus thrown on the lower shag, not the drum 
itself, and the wire is coiled on the drum by means of 


the two pulleys 3 and C and the band In this 
way a sounding in 1500 fathoms water can be made 
in thirty minutes or less. In order to show how 
durable the wire is, it isalso worthy of mention that 
the Dacia wire broke with a stress of 196 lb. after 
having been in caustic soda pickle for two years. 
The bottom was found to consist of globigerina 
ooze similar to that of the Atlantic. . W. HH. 
Preece, who was a guest on board, stated that he 
had submitted the ooze for examination to one of 
our most competent biologists, and would report 
his results to the Society if found of sufficient value. 
Mr. Preece also remarked on the high temperature 
of the Mediterranean deeps (54 deg. Fahr.) as com- 
pared with those of the Atlantic, which are fre- 
— as low as 0 deg. Fabr., and very aptly 
ened the former sea to a‘hot-water bath. 

The paying out machinery employed on'the Dacia 
was also improved by one or two novelties, Besides 
an automatic dynamometer showing the —— 
strains on the cable, there was a very simple 
efficacious ‘‘ holding back gear” originally designed 
by Sir C, Bright, and also we lieve by Mr. 

tghew Gray, but improved by that able and ex- 
perienced cable engineer Mr. F. C: Webb. ‘This 
appliance is illustrated in Fig. 4, where A A’A are 

















iron segments firmly screwed on to a baulk of 
timber, B B are iron segments worked by screws 
C C which are moved by bevelled wheels D D at- 
tached to the shaft E. 

The pressure, and consequent friction, which can 
be applied to the cable, by increasing or diminish- 
ing the distance between the movable segments B B 
and fixed ones A A A, can be regulated by turning 
the wheel F, to give any holding-back power re- 
quired, or to allow the cable to pass perfectly freely. 

Another new feature in this chronicle of advances 
was the use of the electric light for illuminating all 
the operations on deck, and Mr. W. H. Preece, who 
is by no means an enthusiast in electric lighting, 
candi Benet, before the meeting to the great suc- 
cess of its application to cable laying. The lamps em- 
ployed were # modified form of known as the 
“Silvertown hand ‘regulator,” and they were fed by 
two’ Gramme ae eo ge ‘by come Py Aen 
power engines. ‘The result was t the laying 

ons could be conducted as well during the 
night as they were by day. 

n the electrical department a clockwork key for 
sending’ continuity’ sigtals é¢very’ fifth minute 
between''ship and’ shore was’ bart bad and it 
possesses several advan over the old method of 
signalling by the clerk, This key we illustrate in Fig. 6, 
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SIX-COUPLED TANK LOCOMOTIVE, METRE GAUGE. 


CONSTRUCTED BY MM. CAIL AND CO., ENGINEERS, PARIS. 


(For Description, see Page 497.) 
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in which A is a brass tongue. Its normal 
position while the clockwork is in operation is on 
contact plate B. Band C are brass contact plates. 
On C there is a spring. Contact is made between 
the lever L, and the spring by means of a pin project- 
ing from lower side of lever. There is also a spiral 
spring between the lever and plate C to insure 

contact, D is a contact plate; free while clock is 
working, E E is a brass tongue; its normal 
position is on contact at G. F is a contact plate 
to which cable end is attached. G a contact plate 
to which the earth side of condenser is connegted. 
L, a lever worked by clock, makes contact every 
fifth minute on an anvil at F, returning after making 
this contactto G. H' is a cam on end of hand lever, 
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used for moving tongue A from normal position on 
B to contact at D, thus switching out connexion 
with lever L when signals are to be given by hand. 
H* a cam on end of hand lever; used for giving 
signals by hand (when clockwork and lever are cut 
out by pressing tongue E down on plate F to which 
cable is attached. When clock is .t work the current 
passes from F to lever L on to plate C, and thence 
vid B and A to condenser; when hand signals are 
given, the current passes from F to E, D,and A, 
and thence to condenser; when E returns to 
normal position at G, the condenser is discharged. 
A clockwork arrangement was, we believe, first used 


on the Red Sea cable. 
ship three flags 
e formed on 


For signalling between ship and 
were hoisted for each signal, and a 

the basis of the commercial one employed, the 
words and sentences arran ip alphabetical 


being 
order. And here Mr. Marsh Webb called attention 











to the new regulations of the Board of Trade for 
cable ships, and ships for various reasons not under 
command, These regulations come into force on 
and after September 1, 1880, and are to the effect 
that a cable ship must carry on her mast, in addition 
to the white lights, three red lights of 10 in. dia- 
meter in a vertical line, one over the other not less 
than 3 ft. apart by night; and three balls or shapes 
each 2 ft. in diameter by night. 

The laying of the cable went on all right until a 
link in the chain of the buoy attached to the inter- 
mediate cable off Marseilles broke just when the 
work was about to be concluded. From the rocky 
character of the bottom there some difficulty was 
experienced in grappling the lost end; but at last 
it was found, and the splice made. The shore end 
was laid on September 28 into the cable, but at 
Marseilles up the bgd of a stream by means of boats, 

Another accident which occurred was the inter- 
ruption of the older cable by the grapnel of the 
Dacia while seeking for the lost end; but this 
damage was also successfully repaired, and it is satis- 
factory to learn that when taken up the older cable 
appeared as good as when laid, the galvanised 
sheathing being clean and bright, a fact which 
speaks well for the preservative properties of a 
bottom of soft ooze. The cable was soon opened for 
traffic, and the old tariff for messages has been re- 
duced from 2d, to 1d. per word. 

Before concluding we would congratulate the 
Society of Telegraph Engineers on having elected 
Mr. W. H. Preece to the presidential chair, and 
Professor Hughes, Mr. C. F. Varley, and Mr. Stroh 
to be new members of council. tr. Preece will, 
we feel sure, make an‘excellent president and animate 
the Society with some of his own energy. 








ENGINEERING PRECEDENTS. 
By J. Ricwarps, 
(Continued from page 427.) 
WOOD-CONVERTING MACHINES—continued. 
Unper the head of mortising, Bentham’s specifica. 
tion contains a long essay embracing descriptions of 
the various means corresponding in all essential 
features to modern tice, 
In respect to what is called ro’ mortising he 
at “For mortising I employ boring as far as it 
ill go; there remains the squaring of the hole, of 
which presently. The boring bit I usually make 
use of for mortising is either a simple tool like a 
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chisel of a breadth equal to the diameter to be given 
to the hole, or a tool composed at its cutting end 
of two such chisels, the edges exhibiting the form of 
a@ cross,” 

It is a singular fact that for rotary mortising the 
most efficient tools are made nearly as above de- 
scribed, the end presenting the form of a cross. 

The operation of rotary mortising will be under- 
stood by referring to Fig. 14; a being the wood to 



































be mortised, c a rotary tool carried by the spindle 
e, m is a reciprocating frame or carriage moved back- 
wards and forward on the ways z, to determine the 
length of the mortise shown in dotted lines at o. 

urther on in speaking of tools for such work it 
is remarked that ‘‘ The expulsion of the abraded 
matter may be facilitated by giving to the stems of 
the leaves (of the tool) a kind of spiral twist,” thus 
completing the description of what, as before said, 
are the best tools for the purpose known to modern 
practice, 

Connected with this subject of rotary mortising 
are some remarks upon what is now called relief 
moulding, which go to show that this operation, 
which is generally considéred a modern one, was 
nevertheless fully understood by Bentham. 

This process can be explained by Fig. 15; a isa 
table on which the w 6 rests, cis a cutter or 
tool driven by the band d, eis a part of the main 
frame of the machine, and m is a top view of the 
— 6, showing a figure cut upon it by the 

he wood is in such cases usually gui by a 
pattern placed beneath, sometimes, however, the. 
— is placed on top or at the side of the piece, 

wood can be fixed and the tools made to move, 
as in what are called carving machines, the process, 
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however, in its general features remaining the same, 
is so far as all such operations consist of a routing 
tool having lateral movement or adjustment. The 
remarks before alluded to are as follows: ‘It would 
be endless to enumerate the purposes for which 
these various methods of boring may be employed, 
and that with more or less advantage sesbding to 
the difficulty of the work, the hardness of the stuff, 
or value of the material. Shallow beds may thus 


d 








Fig 15. fear 
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be made with the utmost nicety for the purposes of 
inlaying boxes in ivory for instance, or any of the 
very valuable woods by excavation instead of com- 
paction. Boxes, troughs, or other excavations may 
also be made in any kind of stone as also in metal 
where casting or stamping would either be impracti- 
cable or less adapted to the purpose.. When the 
bottom of the excavation is to be curved shaped, as 
in fluted work, the end of the tool must, of course, 
be adapted to the curve.” 

Reciprocating chisels for mortising are referred to 
as follows: ‘Another sort of tool for squaring a 
round-ended mortise is a stamping chisel, Of this 
squaring stamp the stock must, as in other stamps, 
be confined to its course whatever it may be, vertical 
or in avy other direction, by fixed channels.” 





Fig. 16 shows a common mortise table a, chisel c, 
stock or stamp e¢, and at s a part of the main frame; 
m is a piece of wood to be mortised, set diagonally 
80 as to make the mortise shown at ” by dotted lines 
angular in respect to the piece. 

The specification points out that ‘ where a 
mortise is to enter the piece obliquely, it is evident 
that either the piece or tool must have a tilt accord- 
ing to the angle.” 























Fig. 17 is prepared to show two chisels a a working 
right and left on a method sometimes employed, and 
e a fork chisel, such as used for making mortises 
nearly square, as in window sashes, where the small 
bars meet ; m is a top view of the piece z. 

Speaking of such chisels for mortising, Bentham 
says, ‘ To be co-extensive with the curvature to be 
squared, the chisel should be hollow, in the form of 
half of a hollow square. A pair of such chisels for 
each end of the mortise can be made to fit into the 
same stock, so as to act at once by inserting between 
them middle pieces of different breadths, according 
to the length of the intended mortise. A third sort 
of tool that may be employed for this p I call 
a rasping punch. This is a strong thick tool, of 
which the lower end (viz., the end which is the first 
to enter the mortise) is of the same shape and size 
the mortise is before it is squared, and the other of 





cquaced: ‘This contiguastion changes gradually fem 
sq 4 con’ tion m. 
one shape to the oie toons end to oa the tool 
to enable it to make its way, that is, cut its whole 
length into teeth in the manner of a rasp or file.” 

This last description is of what is sometimes called 
a ‘ float,” a tool well known in modern operations, 
both in wood and metal working. ines are 
made for cutting keyways in the bosses of wheels em- 
ploying such tools, and dovetail machines for wood- 
work have been constructed on the same principle. 
One of the latest and most important applications 
of tools of this kind can be seen at the Enfield Rifle 
Factory, where large mortises through the breech 
pieces of guns are formed quickly and perfectly true 
by means of long floats or drifts, through 
by powerful machinery, the piece and tool both being 
for the time submerged in water. A reciprocating 
tool of the kind is shown at Fig. 18; a being the 
tool, c the reciprocating stock, and ¢ a piece being 
mortised. 











On the whole such tools have found but a limited 
lace among useful implements because of their 
st cost and liability to break, also because other 
means nearly as rapid can be in most cases adopted 
for performing the same work ; this fact should not, 
however, detract from the ingenuity of so old an in- 
vention, even if that were no more than a conception 
of the practical performance of the implement. It 
is probable, however, that such tools were made 
an employed by Sir Samuel for “ pervious mortises” 
as he calls them. 

In the section on turning wood we find precedents 
laid down for nearly all operations known at the 
present time, even toself-centring. Devices, such as 
are employed with gauge or self-acting lathes of the 
latest form, producinga guided movement of tools as 
they are traversed, so as to turn duplicate pieces of 
irregular form, are very fully explained on 35 of 
the specification of 1793. This operation,will be under- 
stood by referring to the diagram Fig. 19, where a 
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is a piece turned to shape, ¢ is the tool, and ¢ a 
sliding rest or carriage having a compound motion. 
This slide moves longitudinally on the ways s, while 
the cross slide is moved the other way by a guide, 
pin which slides in the groove 0 0 0 0, causing the 
tool to cut the piece a to shape as shown. 

The diagram is introduced to show the principle 
of operation in such cases, but it is doubted whether 
both diagram and description will convey a better 
or more clear idea of such devices than the follow- 
ing: ‘* Turning a number of pieces exactly the same 
figure may be facilitated by enabling the tool to 
receive a more effectual guidance from the rest. If 
the length of the piece comes within the compass of 
the breadth that can be conveniently given to the 
tool, then having ready any tool adapted to the 

required, let there be a channel for the rest in 
which the tool may slide up towards the piece until 
the work be finished, a movable stop being adjusted 
on the tool so as to prevent its being shoved too far ; 
but if the piece be so long as that the tool must, in 
order to complete its work, be moved along the 
piece, provide a rest extending whole length of the 
piece, in which rest make along its whole length a 
channel formable to the general external fi 
(whether straight or curved) which the piece is to 
be finished to, no pe gta bag: on this occasion 
(for reasons that will he be seen) to small 
indentures or projections. Let there, moreover, be 
a block with two equal round pins projecting from 








its under side, each of them fitted into rag, ay 
rest so as to slide along without shaking. this 
block let the tool slide up to the piece in a groove 
or mortise, with a screw through the top of the mor- 
tise to fix it in any part of its course, The tool 
may, in that part of its edge which is first presented 
to the piece, be adapted to cutting away the roughest 
part, in the other part to do the smoothing work, 
and these two parts of the tool it may be convenient 
should be separable from each other... . . For 
turning long slender articles, besides the channel 
already described for the guidance of the tool, let 
there be on the other side a corresponding channel 
in which moves a slide similar to the one employed 
for the application of the tool; to this slide x a 
support, which is made to keep pace with the tool, 
keeping only so much behind as not to touch the 
piece except where it has already received its figure. 
. . « » Instead of a inane eos tool sliding in a 
ehannel as above, a circular cutter may be employed 
turning upon its own axis... . . If certain parts of 
the same piece, or the whole of it be required, in- 
pes of 7 round, to be Saar pear ag Faberge 
and yet of a corresponding to the el in 
the rest, keep the piece stationary in the lathe in- 
stead of keeping it turning, and the sides of it may 
be successively formed by a simple cutter... . . 
By the introduction of a dividing plate and index, 
the number of sides may be determined at pleasure.” 

Commenting on this quotation it may be claimed 
that it comprehends the slide rest and following 


pi axtecpre their essential Soreaien, et certainly in- 
les the means. 0 gonal mouldi 
‘as shown Bag eay: Sew ove Fig. 90, where a is the 
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piece to be yer e the circular cutter, e the guid- 

ing channel, and m the dividing plate. Machines 
to perform this work, in so far as being regularly 
prepared for the purpose, are of comparatively recent 
origin, and at some of the late expositions where 
French lathes of the kind were exhibited they at- 
tracted considerable attention. The strangest part, 
however, is how completely Bentham foresaw or 
understood the range of application for his devices. 
He says, still speaking of the lathe with a sliding rest 

that ‘‘ instead of a cutter of the sort just mentioned 
may be employed a circular cutting or grinding 
instrument,” also “ thata tool with a rotative motion 
may be equally applied to the cutting of screws of 
all sorts and sizes and in all variety of metals.” 

This method of cutting screws as shown in Fig. 
, was for a long time practised by a firm in Ame- 
rica, who made such screws with square threads as 
shown. Further on his description of gauge turn- 

















ing will be found a most remarkable description re- 
lating to what is called finishing knives as follows : 
‘‘If while the piece rotates without advancing it, 
you present to it at the Lat af angle a long straight 
—_ guided by a channelled rest upon the prin- 
ciple of that above described, or otherwise, the com- 
bination of the two motions-rotary with the longi- 
tudinal will produce the drawing stroke necessary 
for cutting cork or other soft elastic substances.” 
The use of long knives in combination with sliding 
tools is, in so far as its practical application, a 
modern invention. There are-at this time not more 
than three makers of such machines, and the assumed 
novelty of the device is sufficiently shown by the 
fact that an important suit at law grew out of the 
matter as lately as 1878. The action was for in- 
fringement of a patent claim, in America, for the 
diagonal back knife in combination with a following 
rest, 

The same principle in a modified form is applied 
to turn short pieces such as tool handles, the knife 
sliding up to the work after the latter is roughed 
out and shaving it to its finished form, but even 
this will be found fully described in Bentham’s 
specification, 

(To be continued.) 
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PRIVATE BILLS FOR SESSION 18990. 
Water Works, Srwacz, AND MisceLLangovs BILs, 


Tue principal Water Bill for the ensuing session 
is that called “ lis Water Works Purchase,” 
which is to authorise the purchase by ent 
or compulsion on behalf of a public trust to be called 
“the Metropolitan Water Trust” of the undertakings 
of the companies to be named in the Act, and to 
enable the trust to exercise all the rightsand powers 
of those companies within their several districts, to 
make provision for borrowing money and issuing 
such stock as may be required for carrying into 
effect the purposes of the Act, with or without the 
addition of such guara 
rates leviable within the districts affected, as may be 
deemed expedient or provided by the Act; to pro- 
vide for the dissolution of the companies and to make 

rovision as to employment of some of their exist- 
ing officers and servants and evga g others. 
The companies to be included in the Bill are the 
New River, East London, Southwark and Vaux. 
hall, West Middlesex, Lambeth, Chelsea, Grand 
Junction, and Kent. 

Although there is nothing in the notice to indicate 
who the promoters of this scheme are, no secret is 
made about its being a Government measure. Any 
comment upon it here is unnecessary, because the 
vital question turns solely upon the terms which 
the respective parties to the contract will take or 
give ; but what strikes us as a very important con- 
sideration ing the Bill is that supposing the 
idea can be worked up to the right scheme in the right 
place, will the present Government live to carry it 
out? and if otherwise will the other side condescend 
to take up any legislation emanating from a 
ministry, the animadversions upon which have 
pretty well used up all the opprobrious epithets in 
the English language. As far as the public are 
concerned, we hope whoever undertakes the con- 
cern that it will be better managed and administered 
than the telegraphs have been since the Govern- 
ment adopted them, for if water consumers are to 
pay in the proportion of 1s, in future, for what 
costs them now, as has been the case with 
London m es, @ great many of them will have 
to go dirty and thirsty several s in the week. 

Fhe Southwark and Vauxh vengreg Bill 
relates to a gréat many matters affecting the com- 

y's undertaking, but it is also to contain provision 
ay amalgamation of the very companies included 
in the Metropolis Water Works Purchase Bill, thus 
placing before the public a fair challenge whether 
to bear the ills they have or fly to others that they 
know not of. The Corporation of Liverpool, whether 
actuated by a spirit of rivalry towards Manchester or 
otherwise, have given an extremely lengthy notice for 
a Water Works Bill very similar in many respects 
to that groper: by the sister Lag ras would be 
impossible to give in our present limited space a 
description of the works, which are thirteen in 
number, and involve, among other things, the taking 
down and rebuilding of a church at Llanwddyn. 
The source of su ply is from the Rivers Vyrnwy, 
Marchnant, and Afon Cowny, in Montgomeryshire, 
and we gather that the water supply of the Shrop- 
shire Union Canal, the Staffordshire and Worcester- 
shire Canal, the Gloucester and Berkeley Canal, the 
Sharpness New Dock, and Gloucesterand Birmingham 
Navigation, the Avonmouth Dock, the Portishead 
Docks, the Lydney Harbour, and the Severn Navi- 
gation, are expected to be affected by the intended 
works, In other respects, the notice ap to be 
modelled upon those given fer the Manthester Cor- 

ration Water Bills of sessions 1878 and 1879. 

Taking it for granted that, independently of local 
and esthetical opposition, all the companies owning 
the above-named undertakings will have something 
to say —- the Bill in committee. We congratu- 
late our learned friends upon their prospects respect- 
ing it. The other Water Bills relate to, or are pro- 
moted by, Broadstairs, Dearne Valley, Doncaster, 
East Blatchington and Seaford, Great Yarmouth, 
Gisborough, gate, Luton, l'ewhaven and dis- 
trict, Norwood (Middlesex), Portmadoc, Pwllheli, 
and Wrexham. The Towns Improvement Bills 
present no feature of cular interest. They 
emanate from Aberdare, Bristol, Burton-upon-Trent, 
Birkenhead, Chepping Wycombe, H Hendon, 
King’s Lynn, Liverpool, Lancaster, Monmouth, 
Notti , Oldham, Preston, Rochester, Stafford, 


Stone, Wallasey, and Wigan. 

At this point we have di of all those Bills 
whose annual recurrence enables us to class them 
separately, and now take up the miscellaneous ones, 


mtee or indemnity from any | th 





but before beginning them would draw attention to 
the entire absence of the Metropolitan Board of 


Works on the t occasion, There is no 
Metropolis Bui Bill to frighten owners. of 
house property into recklessly disposing of it offhand 


lest their houses should be cut in two for the sake 
of aaron of frontage. The Fire Brigade enjoys 
another twelve months’ immunity. Father Thames 
can rest in peace during the same period, he will 
neither have another bridge put across his back, nor 
a subway run through his body from the legislation 
of next year, and if the ominous tidal wave has not 
been sufficiently dealt with by the Act of last session, 
it may play what pranks it pleases for anything 

e Board will do to prevent it. All this may be very 
proper, but is unprecedented as far as our experience 
goes with the Metropolitan Board of Works. 
Taking a pecuniary view of the matter, the public 
may effect an infinitesimal gain, but the Board’s 
Parliamentary agents and counsel will unquestion- 
ably suffer a not inconsiderable loss. e now 
return to the old groove again. 

Notice was given last year fora Dover Government 
Pier Bill, which was to have enabled the Board {of 
Trade to bring that handsome but apparently un- 
manageable structure within the pale of ordinary 
legal jurisdiction, and which Bill ended in smoke. 
Application is now to be made for another under the 
same title, which is to transfer and vest the pier (if 
the Government so decide) in the Dover Harbour 
Board. The Bill is to contain similar provisions to 
its shadowy predecessor with respect to judicial and 
others matters n to connect the pier with 
the land from whence it springs, but why say “ if 
the Government so decide?” there bei no 
alterative course referred to in the notice. hile 
abuse against the present Ministry is assuming 
pantomimic wore on public matters, it 
seems rather to have them gazetted as vacil- 
lating for the sake of a mere hybrid Bill. A 
further analysis of the Miscellaneous Bills yields 
the following results: six relate to drainage, viz., 
Beverley and Barmston, Black Sluice, Clac- 
ton-on-Sea, Nantle Vale (including tramways), 
Rother Levels and River Witham Outfall; three are 
reclamation Bills, thus, Bennington and Wainfleet, 
South Essex and Dengie Flats, and Pegwell Bay 
Reclamation and Sandwich Haven Improvement. 
There are six applications as to piers affecting Ald- 
rington, Bristol and Portishead Pier and Railways, 
Bouldnor, Broadstairs, Llandudno and Weymouth. 
The following seven relate to docks and harbours, 
viz., Alfred Docks (Dagenham), Bristol Port and 
Channel Dock, Mersey Docks and Harbour, Mel- 
ford Docks, Neath Harbour, Swansea Harbour, 
and Sutton Bridge Dock. Three Bills relate to 
canals and rivers, namely, Birmingham and other 
canals, Romford Canal, and Medway Conservancy, 
There are to be two Bills relating to bridges at 
Stapenhill and Shrewsbury, and the following are 
applications to the Local Government Board—Holy- 
well Gas, Newhaven and Denton Water W orks, 
Norwood (Middlesex) Water Works, Stone Local 
Board, and the City of York. There are, however, 
a few other Bills requiring special comment under 
this head, in dealing with which we give precedence 
to that put forward by the Government. 

The Kensington gag Bill is applied for 
by the Vestry of St. Mary Abbott’s, Kensington, 
and is to effect the widening of Church-street, also 
a portion of High-street between the north end of 
the west side of Kensington Palace Gardens, and 
the south end of the east side of the Mall, Notting- 
hill, and a part of Plough-lane, Kensal Green, in- 
cluding the bridge carrying Plough-lane over the 
Grand Junction Canal, and also to stop up and dis- 
continue the streets or thoroughfares kdown as 
Holland-place and Ann’s-place. 

The works to be authorised by the Sea Water 
Supply to London Bill consist of a reservoir and 
pumping station at Lancing in Sussex, from whence 
the water is to be carried by aqueducts, conduits, 
or lines of pipes to another reservoir at Bramber, 
and thence through Horsham, Dorking, Kingston- 
upon-Thames, and other intermediate ishes to 
Fulham, where the undertaking terminates. In 
addition to supplying the parishes on the line of 
route from the sea, power is sought further to 
supply Richmond and Barnes in Surrey, and 
Hammersmith, Chelsea, and the West-end parishes 
of London, and the Act is to incorporate a company 
for carrying the above purposes into effect, with the 
usual provisions for buying up other companies, and 
agreeing with public bedies as to the supply of sea 
water in bulk. The Epping Forest Bill is to extend 





the time within which the arbitrator is to make his 
final award ean an 1878, and 
to amend that Act by erring upon the conserva- 
tors a power to exchange, and upon the arbitrator a 
wer to sign and deposit a map showing the waste 
of Epping Forest as the same be settled 
by the final award. The South West of London 
District Post-Office Bill is to authorise the Post- 
master-General to acquire the present site occupied 
by the post-office at Buckingham Gate, and to extend 
the premises there. 

Trinity Hospital, Greenwich, or its professional 
advisers, appears to entertain doubts as to the 
legality of certain leases of land granted by that in- 
stitution, and the Bill “p lied for under this title is 
to make them incontestibly valid. 

St. Luke’s isthe only London vestry coming to 
Parliament in the ensuing session ; their Bill is to 
enable them to sell, lease, or appropriate for building 
purposes any surplus lands they may acquire in 
connexion with street improvements. 

The London Steamboat Company are applying 
for powers relative to an agreement or lease of 
their undertaking to Mr. John Orrell Lever, to 
the fusion of the concern with some railway or 
steamship company, to sell the undertaking, tochange 
its name, and to enable the company to purchase 
piers, landing-places, and approaches, 

The Liverpool and Birkenhead Subway Bill is to 
incorporate a company for the purpose of maki 
what is called in the notice a subway tunnel pay 
roadway partly under the River from 
Canning-street, Birkenhead, to a point near the 
intersection of James-street with Back Goree, 
Liverpool. Powers are offered to the corporations 
of Liverpool and Birkenhead and six other public 
bodies, including railway companies, to subscribe 
towards the undertaking, or to rantee interest 
or dividends upon its capital and borrowed moneys. 

We have somehow got hold of the notion that 
when a man of ordinary education cannot obtain a 
living any other way he turns accountant, and had 
consequently come to regard that vocation as a sort 
of professional refuge for the destitute. A similar 
idea has probably occurred to some of the leading 
accountants, hence notice is given for a Bill under the 
head of ‘‘ Accountants’ Institute,” which has for its 
object the dissolution of the present Institute of Ac- 
countants, and the incorporation of its members 
with or without other persons into a new body, who 
among other things may define the class of persons 
eligible to become members, grant certificates and 
appoint examiners as to qualification. The Act isalso 
to authorise the — by members of the institute 
of a distinctive style or initials, and to prohibit 
under penalties the use of the same by persons not 
members of the institute. A somewhat similar scheme 
was started a few years back (though not by Bill) 
with respect to Parliamentary agency, which nearly 
resulted in making a Parliamentary agent the only 
Englishman who could not do what he liked with his 
own earnings, besides tying him to one end of a 
tether the other extremity of which was to be 
located in a little room of the House of Lords. No 
such disasters are likely to befall the present appli- 
cants, as they do not come within the jurisdiction of 
Parliamentary —— business authorities, but if 
the object of the Bill is to convert an open pro- 
fession into a close one, it is quite onall fours with 


the Parliamentary mcy agitation, and if opposed 
may share the same fate upon that ground. 
ardiff Pilotage Board is applying for power to 


amend the existing Act relating to that body. 

The Dagenham and District Farmers’ (Optional) 
Sewage Utilisation Bill, is to incorporate a com- 
pany with power to construct thirty conduits from 
the northern outfall sewer of the metropolitan 
main drai at Woolwich, through the parishes 
of Barking, Dagenham, Hornchurch, Rainham, 
Wennington, and Aveley, with a pumping station 
at Dagenham. 

Lancashire County Justices’ Bill relates to the 
supply of water at Whittingham and neighbourhood, 
including a lunatic asylum, 

The remaining Bills, which however do not attract 
any special comment, are headed Caledonian In- 
surance Company, Shensall Common, St. John’s 
Hospital, Bedford, Exeter Corporation (All Hal- 
lows Church), Aston (Liverpool-street) Burial 
Ground and Bristol Cemetery, where we not in- 
appropriately end our labour. 

his then concludes the entire list of notices for 
Private Bills in the session of 1880. Although 
forty-four below the average number, more than 
the usual space has been occupied in describing their 
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contents. One reason for this is that the quality of 
the Bills more than compensates for the deficiency 
in quantity, there is a substantiality and body, we 
might say professional unction, about some of them 
calculated to excite considerable interest in certain 
uarters. ‘It will doubtless have been observed 
that nearly all the new railways are junctions and 
connecting lines, and several of them lead to the 
impression that they are covertly backed by existing 
companies, If so, the adverse parties will not be 
slow in detecting it, and hot contests may be ex- 
pected in consequence, On the whole it may be 
fairly inferred that the imputed revival of trade 
Will extend to railway engineers and our learned 
friends in much the same proportion as to manu- 
facturing and other interested communities, 








THE LATE MR. JAMES R, NAPIER, F.RS. 

In our last week’s issue we recorded in a brief para- 
graph the death of Mr. James R. Napier, which took 
place on Saturday, the 13th inst. Mr. Napier had been 
ailing more or less for several years, and had twice been 
compelled to winter abroad, once at Malta and once at 
Madeira, where he had the melancholy privilege of 
meeting with Professor W. K. Clifford, a short while 
prior to his lamented decease. A number of months ago, 
too, he was so dangerously ill that his life was despaired 
of. The illness, which terminated in his death on 
Saturday week, was an affection of the stomach, and it 
only confined him to the house about three weeks. By Mr. 
Napier’s death the scientific world is deprived of a 
zealous worker in various departments of mechanical 
investigation and experiment, although the activity with 
which he applied his excellent mental powers was not 
so great during the last decade of his exist as during 
the two preceding ones. As he had plenty of leisure it 
is much to be regretted that his almost continuous 
ill health interfered to prevent him doing still more for 
the progress of mechanical science. 

As a son of the late Mr. Robert Napier, of Shandon, 
one of the great founders of marine engineering and ship- 
building on the Clyde, the deceased irherited a great 
name, but from a variety of circumstances he was denied 
the privilege of attaining to that peculiar kind of dis- 
tinction by which his father’s career was characterised. 
The father had an extraordinary aptitude for business, 
and his great force of character impelled him to become 
in due season one of the most eminent pioneers of steam 
navigation ; the son, on the other hand, was most unlike 
the father in that respect. 

The eldest son of his father, James R. Napier was 
born on September 12, 1821, so that at his death he 
was rather over 58 years of age. At the time of his 
birth his father had but recently taken possession of 
Camlachie Foundry in succession to his cousin David, 
who had by that time done some good work in steam 
navigation. In course of time he was sent as a youth 
of much promise to the High School of Glasgow, when 
that famous seminary was under the guiding genius of 
the late Dr. Connell, who had the happy knack of im- 
buing his pupils with a desire for intellectual attain- 
ments. Especially did young Napier benefit by his 
master’s aptness and enthusiasm in mathematics. By 
and by he entered the University of Glasgow, and took 
three of the science classes in the Faculty of Arts. His 
teacher in mathematics was Dr. James Thomson, father 
of two of the professors at present in the same great 
school of learning, namely, Sir William Thomson and 
Professor James Thomson, ©.E. He studied natural 
philosophy under Dr. W. Meikleham, and the present 
occupant of the chair, Sir William Thomson, who has 
now held it for thirty-three years, was Meikleham’s im- 
mediate successor. Young Napier also studied practical 
astronomy in the University under the late Professor J. 
P. Nichol, whose enthusiasm and scientific attainments 
were quite in keeping with the sublimity of the subject 
on which he most eloquently discoursed to his students. 

As steam navigation progressed as an art, and as the 
business of marine engineering extended in the Clyde 
district, the elder Napier was induced to move from 
Camlachie in the east end of the town to the vicinity 
of the harbour, and for some time prior to this he had 
established himself in the Vulcan Foundry, Washington, 
a workshop which has a sort of classical history 
attaching to it as a great engineering school, in which 
the head master was not really Robert Napier, but 
David Elder, father of the late John Elder, and one of 
the most accomplished mechanics that ever held a place 
of trust inany workshop on the Clyde. After leaving 
college James R. Napier became a diligent and apt pupil 
under that rare mechanical tutor, and in due time he was 
deemed worthy of a position of trust himself. That was 
in Govan shipyard after his father had started the ship- 
building business along with that of marine engineering 
which was now progressing with somewhat gigantic 
strides—Lancefield Engine Works and Lancefield 
Dock being pressed into service in addition to the 
far-famed “Vulcan.” After a time, and when he had 
obtained a general mastery of the business of ship de- 
signing and construction, he along with his brother John 
was taken into partnership with his father, and the firm 





became Robert Napier and Sons, a name which still 
exists even although there be no Napiers any longer in 
connexion withit. __ 

During the time that Mr. Napier was engaged in the 
superintendence of the shipbuilding yard at Govan he 
gained a great amount of professienal experience, which 
he turned to account in the building of a number of cele- 
brated vessels, including armour-clads, troopships, and 
steamers for the mercantile marine. One of the latter 
was the well-known Persia, the first iron vessel ordered 
by the Cunard Company, and she was also the first large 
psd in which he a one of his best notions in 

ip construction, namely, the system of diagonal frami 
at the bow, which proved so great an element of prime 
in that vessel, that when, in one of her early voyages, 
she ran into an iceberg at great speed she escaped without 
being in any way materially injured. Another improve- 


universally practised, of plating ships in alternate strakes, 
“in and out.” It is but right to say, however, that Mr. 
J. Scott Russell was also working in the same direction 
at the same time, 

Somewhere about twenty years ago Mr, Napier retired 
from the firm of Robert Napier and Sons, and commenced 
business on his own account as a shipbuilder. Of the 
vessels which he built himself, and in whose construction 
he embodied a number of his own notions, we may spe- 
cially mention the Admiral and the Athanasian, The 
latter is still running, under the name of the Neptune, to 
Continental ports, and the former is rather notable from 
having been twice at the bottom of the Baltic. Partly 
on account of his unsettled health Mr. Napier did not 
long continue in active and regular business, but from 
time to time he was intrusted with important commis- 
sions in which his scientific knowledge and practical 
experience were in special request. One of these was to 
design and superintend the construction of a number of 
light draught galvanised steel steamers required by the 
Indian Government for service on the River Godavery. 
They were built and engined by Messrs, Randolph, 
Elder, and Co., and supplied ‘with locomotive boilers 
built by Messrs, Diibs and Company. 

Starting with such a good scientific education as he 
possessed, and adding to his stock of theoretical and 
practical knowledge after getting installed in active in- 
dustrial pursuits, Mr. Napier was soon induced to seek 
the company of the cultivators of science in Glasgow in 
their associated capacity. He joined the Philosophical 
Society of Glasgow so far back as the year 1850, when 
its presidential chair was filled by Professor Thomas 
Thomson, the eminent chemist and mineralogist ; and 
he remained an active member of that society almost 
continuously up to the last year of his life. Many of his 
papers ou scientific and practical subjects were com- 
municated to that body and published in its Proceedings. 
One of them, read in the year 1853, was on “‘ Experiments 
on the Evaporation of Water in Copper, Iron, and Lead 
Vessels,” in the course of which he showed that he was 
primed with special knowledge ing upon such sub- 
jects. In the year 1855, at the second Glasgow meeting, 
he became a life member of the British Association, in 
whose affairs he always continued to take a lively in- 
terest, serving several times on special committees, two 
of which we may specially refer to. One of the com- 
mittees on which he acted was that to which the late 
Mr. Froude was the reporter, and was constituted for 
the purpose of inquiring into the subject of measuring 
the speed of ships by means of the instruments then in 
use. This was one of Mr. Napier’s special subjects of 
investigation, for so far back as the year 1854 he brought 
under the notice of the Philosophical Society of Glasgow 
an instrument for measuring the velocity of ships, 
currents, &c. More recently he served on the committee 
for inquiring into the subject of the steering of screw 
steamers, and on behalf of the committee he assisted in 
many practical experiments. 

When the Institution of Mechanical Engineers held its 
second meeting in Glasgow in 1856, under the presidency 
of his father, Mr. Napier took an active part in the local 
arrangements; and in the following year, partly as a 
result of that meeting, the Institution of Engineers in 
Scotland was called into existence, with Professor W. J. 
M. Rankine as its first president. Mr, Napier co-operated 
most heartily along with Rankine and other local leaders 
in engineering progress to bring that society into 
being, and he subsequently served in succession to 
Rankine in the presidential chair. A number of valuable 
papers from the deceased also appeared in the Transactions 
of that body, now called the titution of Engineers 
and Shipbuilders in Scotland, the greats eaenes society 
known as the Shipbuilders’ Association having ceased its 
separate existence somewhere about a dozen years ago. 

Being so closely identified professionally with marine 
construction, Mr. Napier naturally cast in his lot with 
many other persons similarly occupied when the Institu- 
tion of Naval Architects was inaugurated in the year 
1860, and he was chosen as a member of the first Council 
of the Institution. For many years he was a zealous and 
enthusiastic worker in that body. Mr. Napier had done 
such a variety of’ good scientific work that he was 
deemed worthy of election into the Royal Society, of 
which he was made a Fellow at the election in 1867, 





being practically the only mechanical member of the fifteen 
Fellows admitted into the charmed circle in that year. 





ment ‘which he introduced was the system, now 80: 


Ina vari 
close personal and professional relationshi Pro- 
fessor Rankine until the lamented death of the distin- 
guished man, and which dated almost from the time of 
his settlement in Glasgow about the end of 1850 or early 
in 1851. More ——— did it become patent when in 
the year 1855 e delivered his first course of 
lectures as Professor of Engineering in succession to Pro- 
fessor Lewis D. B. Gordon. Mr. Napier attended that 
course of lectures, and was ever afterwards a most de- 
voted admirer of Rankine, Numerous experimental and 
scientific investigations were carried out er by the 
two congenial spirits, and each contributed very much 
to develop the scientific character of the other. We 
have already upon the connexion between 
Napier and Rankine in our comprehensive notice of the 
scientific career of the Jatter published in our fifteenth 
volume (January 8rd and 10th, 1873). Mr. Napier’s ad- 
miration for Professor Rankine took a very practical 
shape about a year ago, when he issued, for private 
circulation, a pamphlet containing alist, compiled by him- 
self, of Rankine’s scientific papers, &c., beginning in the 
year 1838, and continued down to November, 1872, only 
about two months prior to his decease. 

Being of a very ingenious turn of mind, Mr, Napier 
was often engaged as an applicant to the Patent Office, 
and as aninventor he took a most active part in the 
recent movements, along with Sir William Thomson and 
others, for bringing about a reform in the patent laws. 

Mr. — has left a widow and family of four sons 
and two daughters. Two of the former are in business 
as members of the recently formed shipbuilding firm of 
Napier, Shanks, and Bell. 


of ways Mr. Napier was eye into 








CAIL’S SIX-COUPLED TANK LOCUMOTIVE, 

WE give on page 494 a perspective view of one of the 
class of six-coupled tank locomotives for the metre gauge 
constructed by Messrs. Cail and Co., of Paris, for con- 
tractors’ purposes. As will be seen from our engraving the 
engine has outside cylinders and outside valve gear, and 
all the axles are under the barrel of the boiler. The water 
is carried in wing tanks, and the fuel in bunkers at the 
sides of the firebox. The leading and trailing buffer 
beams are carried down very close to the rails, so as to 
support the engine in the event of derailment, a by no 
means uncommon occurrence on rough lines laid for con- 
tractors’ use. The deep buffer beams are pag tee geneg 
in itting of the arrangement of the w gear at 
different heights to suit the various classes of vehicles 
used by contractors. The chief dimensions of the engine 
are as follows : 


ft. in. 
Diameter of cylinders 0 9.84 
Stroke ... aed ste io 1 2.17 
Diameter of wheels ** bo 8 15 
Wheel base... san ion... tne 5 7.7 
Mean diameter of barrel of boiler ... 2 10.6 
of firebox inside os oa 3 16 
ROCESS 
crown above 
Number of tubes. 1 
Diameter of tubes ouside. 4 = 
” ” eee eee 
Length between tube plates 711 
Diameter of chimney (inside) __... 0 9.84 
Working pressure ove e» 128 Ib. per sq. 3 
8q- 
Heating surface: Firebox... ii 38.4 
Tubes (outside) ... 297 
: “ Total oe bee 
Firegra area ... oe eee eee ° 
Flue area through tubes disregard- 
ferrules es a had 128 
area of c Seo aa 
Ratio of te surface to total heat- 
ing 8 ace owe eee “ eee 1 : 49.3 
Ratio of flue area through tubes 
to grate area... er oe 1: 5.53 
Ratio of sectional area of chimney to 
grate area = « ier ak oe 1: 12.8 
Contents of water tanks 242 gals. 
tns. cwt. 
Contents of coal bunkers 0 6 


Weight of engincempty... 9 16 


Weight in working order : 
Os leading wheels fea 4 0 
”» driying ” dee 8 18 
” trailing ” oe 4 2 


Total w 2 0 
Tha boiler is fed by one Friedmann injector and one 
Chiazzari feed-pump, the latter a kind of combined 
feed-pump and water heater with which some very satis- 
factory results have been obtained in France and Italy. 
We hope to describe it fully on some future occasion. 





FOREIGN AND COLONIAL NOTES. 
Greece.— ing to the last census, the population of 
Greece, which in 1870 was only 1,457,894, amounts now to 
1,679,705. The population of Athens has increased in the 
same peri from 45,000 to 70,000, and that of the Pirreus 
from 11,000 to 22,000. By counting sub living 
road, a total of about 2,000,000 would be arrived at. In 





a 
1888, when the first census was taken, the population of 
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METALS. 


£ 
ANTIMONY Ons (per ton)— 4 
4 


Brass (per Ib.) — 
Sheets, 48 x24 2.0... ..0000++ 
cllow metal .......0... © 


CASTINGS TYNE AND OLEVSLAND 
£64 
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Cleveland 
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G.m.b., at G IF cccccere 
Gartsherrie ........ . .... 
Coltness ..........++ oe 
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eanc 


62 
Ditto, specially selected 65 coed 6 ft; 
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Shr 
No 
South 
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SPSLTEK (per ton) — 
Silesian, ordinary 
SPIEGELBISEN (per ton)— 


STsBEL (per ton)— 
Best Cast. .......0- 00000000 
» double shear 


Stes. CASsTInes 
ulic cylinders 
the rough not to ex- 


Pinions and cog-wheels... 
Hammer tups, 
5 owt. and 
Holders-up for rivetting 
&c., 14 to 5 





+ - 
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~~ 
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“ 
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OILs (per tan) — 

Engelbert’s lubricator ... 
rcwt.)— Seal, brown 
in 

8. 


in length, 


ooo 


RaNGOON engine oil .. . 
LINSEED Oi] .......+s000seeeeeee 
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WO ON Samo * 9 33 


18 Joe 


Ww 


OILS, GREASE, & LUBAEEATORS. 


PRICH LIST OF MATHRIALS. 4 


& « @ Prrce cwt.j— 


arenes 


BAlILwAy GREASE (per 
ewt.)—Rose’s ............ 38 

Pritchard, Offer and Co.'s 
concentrated ........... 60 
RgSIN (per cwt).......... 


TALLOW (per cwt.) 
N. American ...........0:+. 


ooue 
eoos 
° 


“7 5 


= 
oO 
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sheep 


Australian beef acon 
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St. Petersburg, Y.O. ..... 
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» English ........... 
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CHEMICALS, 
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AcIDs— 
Senetuette (per Ib.)......... 
Sulphuric acid (per Ib.) 
Sulphuric acid, brown. 
AMMONIA — Muriate (per 
ton) 7 
ABSBNIO— 
White, lump (per cwt.) ... 
Powdered (per cwt.) 
——- powder per cwt. 
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Greece was about 850,000, without counting the inhabitants 
of the Ionian Islands. 


South African Railways.—The tunnel works on the 
line are. making satisfactory progress, and unless 
unforeseen circumstances ocegur, they will be com- 
pleted ‘by ‘the end of next June There is also an em- 
ment on this line, more than 90 ft. high in its highest 
part. 


AtLarge American Chain.—One of the largest chains 
ever ein the United States has just been finished at 
the Boston Chain Works, South Boston. It is 450 ft. long, 
and weighs 28,000lb. It is was made for Mr. Robert 
Palmer, of Noank, Connecticut, for Palmer’s marine rail- 
way, and it will be used for hauling upon the ways the 
largest Sound boats. 


Russian Agri¢ultural Machinery.— There are 205 
works in the manufacture of agricultural machi- 
nery in Russia. Of this number 80 use steam power for 
driving their lathes, 7 water power, and 90 horse power. 
The remainder use only hand power. The best thrashing 
machines, copied generally from foreign models, are manu- 
factured in the Riazansky district. ‘They cost only 90 to 
120 roubles each. 


American Light Lecomotives.—The Light Locomotive 
Works of Messrs. H. K. Porter and Co., at Pittsburgh, 
are now employing 155 men. They have finished six light 
locomotives, of which one is goi to Colorado, one to 
Florida, one to Everett, Michigan, one to Vicksburgh, 
one to Rodant, Obio, and one te Messrs. Laughlin and 
Co., at Martin’s Ferry. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
| MrppLEsBRover. 
The Cleveland Iron Trads.—There are further si 
of improvement in the Cleveland iron trade. On Saturday 
No. 4 forge was sold at Midalesbrough for 48s. per ton 
net cash on trucks delivering over the first quarter of next 


year. The @ w iron market is again higher, and 
Cleveland has followed in the same track. There is a 
deal of speculation going on in the Scotch city, and even 
on the banks of the Tees there is some buying going on in 
anticipation of the rise which is expected after the turn of 
the year. tions are being vigorously pushed for- 
ing i + furnaces, andlin the 
course of a few weeks the total production of pig iron in 
the Cleveland district will be considerably inc _ Iron 
of all kinds is in request. No. 3 is now selling as high as 
50s. per ton, and rs are not anxious to book forward. 


The Finished Iron Trade.—At many in the North 
of England the resources of the establishment are not 
equal to the requirements. Great pressure is being put 
upon some of the manufacturers for delivery, and the con- 
sequence is that all the works which are in operation are 
exceedingly busy. 

The Wages ion.—The wages of the ironworkers 
will be settled by the adoption of the sliding scale, which 
will be to by arbitration, and, therefore, there will 
be no difficulty in an amicable ment. At Middles- 
brough the shipwrights of Messrs. Dizon and Co. are on 
strike against two men employed by the firm, and at Port 
Clarence the ironfounders of Messrs. Anderston are agitat- 
ing for an advance in their wages. The latter firm do not 
agree with > action taken by the a. but it is =r = 
some means of settling without a sto e of wor! 
will be adopted. gp: 

Shipbuilders and Engineers.—In both these branches of 
industry there is a considerable amount of work, and a v 
large number of men are now employed on the Tyne and 
Tees. Shipbuilders are holding out for better prices, and 
engine builders are looking for higher rates. 

The Coal and Coke Trades.—The prices of mannfactur- 
ing coal are stronger than were a week ago. Coke is 
in better request. Best q may be readily sold at 
13s. 6d. to 14s. perton. For house’ coal there is rather 
aslow demand idering the time of year. There isa 
ay inquiry for steam coal, and prices have advanced 6d. 
per 
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Reconstruction.—A tape <i shareholders of the 
late company owning the wor! Messrs. Jackson, Gill, 
ae gh een at oe and it is to be > 
gre t they without passing any resolu- 
tion. They fully ol warmly discussed. the proposals for 
reconstructing the concern. Unless a for re- 


ng is ; peodily to, the liquidator will 
take the necessary steps for disposing of the works at Eston 
by public auction. : 








THE QUEENSLAND Coast.—The work of marking and 
lighting the Queensland coast is proceeding rapidly ; 
indeed, a list of the total number of harbour and other lights 
maintained is rather a formidable one. The number and 
order of lights now exhibited are as follows: 1st order, 2 ; 
2nd order, 2; 3rd order, 3; 4th order,-7; 5th order, 5; 
lightships, 6; smaller lights, 55 ; while two additional third 
order lights will be s ly ready for exhibition. 


THE ENGINES OF THE YACHT ‘‘ WANDERER:”’ ERRATA. 
—We regret that some errors crept into the account of the 
Wanderer’s engines which appeared: in our last number. 
The Perkins Engine Company inform us that the machi- 
-_~ of the Wanderer was not ‘‘thoroughly overhauled’’ 
by them at Plymouth before the last ran made from that 
port to Cowes, all that was done, namely, the sweeping out 
of the boilers, &c., being done by the vessel’s crew. Also 
the casing of the cylinders is not of wood merely, but is 
a double sheet-iron casing filled in with vegetable black 
and lagged with wood externally. mere the lift of the 
valves is greater than we assumed, and steam-way con- 
ee greater, the cut-off valve having a lift of 2 in. 

a steam-way of 11.2 sq. in. equal to shth of the area 
of the high-pressure piston, while the middle valve (acting 
as exhaust to the high-pressure and steam admission valve 
to the middle cylinder) has an area of 20 sq. in., a lift of 
¢ in., and a steam-way equal to 7th the area of the middle 
piston. The exhaust valve of the middle cylinder has an 
area of 90 sq. in. and a lift of Lin. We hope next week to 
podlish engravings of some indicator diagrams taken from 

Wanderer’s engines. 





